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Abstract 

Aspergillosis is a range of infections caused by fungi from the Aspergillus genus. Aspergillus is a 

common filamentous fungus that primarily infects individuals with compromised immune systems or 

underlying pulmonary conditions. The clinical manifestations of aspergillosis vary depending on the 

patient's immune status, with invasive forms predominantly affecting immunocompromised 

individuals. In recent years, there has been a notable increase in the emergence of Aspergillus strains 

resistant to azole antifungals, particularly within the A. fumigatus. After a comprehensive literature 

review, this research studied six essential proteins that increase resistance in Aspergillus species. In 

silico homology modeling and molecular docking with SWISS-MODEL and Autodock Vina in PyRx 

assessed the inhibitory activity of candidate drugs against these proteins. Toxicity, Drug-likeness, and 

ADME analysis were evaluated with ProTox-II, pkCSM, StopTox and SwissADME, respectively. 

The pharmacological activities were predicted by PASS and Molinspiration servers. The ligands of 

pramiconazole, curcumin difluorinated (CDF), and curcumin exhibited a high binding affinity, 

indicating their potential to inhibit the overexpression of target proteins. These compounds 

demonstrated enhanced medicinal attributes and reduced toxicity compared to usual antifungals 

against Aspergillus. Consequently, they can become a promising alternative for overcoming 

antifungal resistance and treating aspergillosis. 
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Introduction:  

Aspergillus species are the most prevalent fungal agents associated with fatal illnesses, and their 

infections are a significant public health concern (1, 2). The ability of certain species within the genus 

to create valuable metabolites has led to their biotechnological usage in the pharmaceutical and 

industrial sectors (3). However, a wide variety of clinical presentations are observed in Aspergillus 

infections, from skin infections leading to cutaneous aspergillosis to allergy syndromes to persistent 

pulmonary diseases and invasive infections (4-6). Even though the diagnosis and treatment of 

aspergillosis have come a long way, it is still hard to avoid and treat severe fungal diseases in 

hospitals. Death rates remain high, especially among patients with low immune systems with invasive 

fungal infections (7). A. fumigatus, A. niger, A. flavus, A. nidulans, and A. terreus are the most 

commonly reported pathogens globally for various clinical presentations of aspergillosis (8, 9). 

Antifungal agents have some side effects such as toxicity, drug-drug interactions, varying 

pharmacokinetics, and fewer bioavailability agents (10). Azoles are the antifungal drugs of choice for 

curing Aspergillus infections because of their high therapeutic index (11). Due to a lack of new 

antifungal drugs and substantial treatment resistance, invasive fungal infections have a high incidence 

and mortality rate. Hence, Novel antifungal agents with anti-resistance properties are required to solve 

these issues (12, 13). First-line treatments for invasive Aspergillus are usually voriconazole and 

isavuconazole, which are reported to have a low success rate (14). These antifungal drugs are 

associated with adverse effects such as hepatotoxicity, vomiting, vision abnormalities, skin rashes, 

abdominal pain, etc. Therefore, continual drug monitoring is required for their use. In addition, 

synthetic fungicides have been called into question due to environmental concerns, and many plant 

infections are developing resistance to these chemical fungicides (15). Therefore, finding new 

compounds to treat fungal infections that have more potent antifungal properties with fewer adverse 

effects is an essential need (16).  Several investigations have demonstrated the antifungal effects of 

various plant-derived compounds  (17-19). These plants are regarded as an essential source for 

identifying new antifungal medication leads, and the traditional herbal therapy strategy is preferred 

due to fewer side effects and higher efficacy  (20). Polyphenols are phytochemicals that inhibit various 

fungal infections through plasma membrane rupture, suppression of cell walls and protein/DNA/RNA 

production, and mitochondrial dysfunction (21). Curcumin, as turmeric's active ingredient, has been 

studied extensively because of its health benefits. Several studies have shown that this compound 

works well as an antioxidant, an anti-inflammatory, an antibacterial, an antifungal, and an antiviral 

agent. However, the antifungal potential of curcumin analogs has yet to be thoroughly examined (22-

25). Recent research indicates that triazole-based antifungal efficacy relies on reactive oxygen 

species. Therefore, compounds with antifungal properties, such as curcumin analogs and derivatives, 

can produce new antifungal drugs  (26). Making a new drug in today's scientific world is a complicated 

process that takes time, money, and people. Therefore, in silico techniques have become one of the 

critical parts of the drug development process (27). Current published studies have used 

bioinformatics-based virtual screening because it can speed up drug target selection, drug candidate 

screening and refining, improve the identity of adverse effects, and forecast drug resistance (28, 29). 

Literature review shows that triazole resistance in Aspergillus species is associated with the 

upregulation of Cyp51A and Cyp51B enzymes and the efflux pumps (MDR1, MDR2, MDR3, and 

MDR4). Therefore, it is necessary to investigate their structure and function in detail and based on a 

bioinformatics approach, which provides unique insight into developing effective, inexpensive, and 

side-effect-free drugs (30). The present examination goal of this study is to gather about 100 

compounds (antifungal agents and their similar structures, curcumin and its analogs) with antifungal 

and antimicrobial properties. The compounds were chosen from articles and scientific reports. Then, 

they were evaluated using an in silico approach, which involved protein modeling, molecular 

docking, drug-likeness assessment, and prediction of chemical absorption, distribution, metabolism, 

and excretion (ADME), toxicity, and biological activity against essential Aspergillus proteins, 

including Cyp51A and Cyp51B enzymes, as well as efflux pumps (MDR1-4). The diagram of the 

overall steps and the methodology applied in the present study is displayed in Fig.1. 
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Fig. 1. A diagram illustrating the overall steps in the current study. 

 

2. Methods 

2.1 Protein Preparation  

The sequence of the target proteins in Aspergillus spp. including (Cyp51A, Cyp51B, MDR1, MDR2, 

MDR3, and MDR4) was obtained through the UniProt dataset. The UniProt is  a comprehensive 

repository of protein sequences accompanied by extensive annotations (31). The 3D structure of 

Cyp51B (PDB code 5FRB) was retrieved from the Protein Data Bank (PDB), the world's only 

repository for structural data on biological macromolecules. It comprises NMR spectrometry and X-

ray crystallography data from biologists and biochemists worldwide (32). However, because the 3D 

crystal structures of Cyp51A, MDR1, MDR2, MDR3, and MDR4 were not accessible, they were built 

using homology modeling. This modeling was done using the SWISS-MODEL service and was based 

on genomic sequences (33). SWISS-MODEL is a Web-based, completely automated homology 

modeling server. Homology modeling is started by entering the target sequence in the SWISS-

MODEL server. Following the selection of templates from a list provided by the system, all 

subsequent stages in homology modeling are carried out automatically (34). Several 3D protein 

structures with high similarity were considered templates to build the 3D structure of target proteins. 
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2.1.1 Identification of Physiochemical Properties 

The ProtParam tool, available on the ExPasy server, was utilized to determine various protein 

properties such as Molecular Weight (MW), Isoelectric point, Amino acid composition, half-life 

prediction, stability index, aliphatic index, and GRAVY (35). The Instability Index is a metric that 

can be utilized to assess the stability of a protein in vitro (36). The aliphatic index of a protein refers 

to the proportion of its overall volume comprising its aliphatic side chains. The hypothesis posits that 

this phenomenon enhances the thermal stability of proteins with a globular structure (37). Peptide and 

protein GRAVY values are calculated by adding the hydropathy scores of each amino acid and then 

dividing by the total number of residues (38).  

 

2.1.2 Model Validation for Proteins 

Models were validated using the SAVES v6.0 server, which compares predictions for stereochemical 

protein structural parameters using the ERRAT, Verified 3D, and Ramachandran plots. 

Stereochemical characteristics and model quality were evaluated using Ramachandran and ERRAT 

plots (39). The Ramachandran plot can be used to predict the stereochemical feature of a given 

structure. The Verify3D employs protein structural database data to assess the compatibility of a 3D 

model with a 1D amino acid sequence based on structural assignments such as loops, sheets, alpha-

helix, and other related factors (40). 

 

2.2 Ligand Preparation 

Twenty routinely prescribed antifungal drugs were examined (such as voriconazole, amphotericin B, 

itraconazole, fluconazole, ketoconazole, miconazole, isoconazole, oteseconazole, quilseconazole 

isavuconazole, caspofungin, micafungin, anidulafungin, nystatin, nikkomycin, terbinafine, 5-

fluorocytosine, luliconazole, posaconazole, and efinaconazole). Similar structures (with similarity 

threshold (≥ 0.7)) compared with curcumin and its analogs in silico study. The smiles sequences of 

the structure antifungal drugs and similar structures, as well as curcumin in a single structure 

document (SDF) format, were obtained from the Zinc 15 and PubChem server. ZINC is an open-

access dataset that can be used to find new ligands. Over 20 million commercially accessible 

compounds are stored in the database with biologically appropriate representations that may be 

downloaded in standard ready-to-dock formats and subsets (41). PubChem is a database of chemicals 

and the biological processes they undergo (42). Additionally, compounds were ready and transformed 

into the dockable PDBQT (Protein Data Bank, Partial Charge (Q), and Atom Type (T)) format via 

Autodock Vina in PyRx 0.8 software. 

 

2.3. Molecular Docking  

The antifungal effects of the compounds were evaluated using two computational methodologies, 

namely homology modeling and molecular docking. Homology modeling uses similar templates to 

construct a three-dimensional protein structure from a protein sequence (43). Molecular docking is a 

promising technique for conducting virtual screening on numerous compounds and understanding 

whether ligands interact with their targets (44). PyRx-virtual screening software was used to dock the 

ligands to the selected proteins and calculate their affinity for binding. PyRx is an open-source tool 

for docking small-molecule libraries to macromolecules to identify lead compounds (chemical 

compounds potentially becoming novel medications) with the required biological function (45). 

 

2.4. Molecular Docking Process 

In the initial step, the structure of macromolecules was optimized using the UCSF Chimera software 

(version 1.8.1) by rectifying bonds, deleting irrelevant chemical complexes, removing water 

molecules, adding hydrogen bonds, and saving to PDBQT format. The resulting 3D structure of 

proteins was then docked against authorized antifungal medicines, similar structures, and curcumin 

using the PyRx software. UCSF Chimera is cutting-edge software for visualizing and analyzing 

molecular structures and data (46).  
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2.5 Visualization and Molecular Interactions 

Several top intersection outcomes among all protein targets were chosen based on binding energies 

(ΔGbind), and their interactions were examined using BIOVIA Discovery Studio Visualizer, 2016. 

Discovery Studio Visualize is a free molecular modeling program that enables researchers to see, 

exchange, and analyze data from proteins and small molecules (47). 

 

2.6 Drug-Likeness Features Evaluation and ADME Evaluation  

ADME studies are paramount in contemporary pharmaceutical research and development. Early 

detection of these features is critical for successful drug discovery research since it allows molecules 

with undesirable pharmacokinetic properties to be eliminated. In silico ADME and toxicological 

screening methods can help forecast performance in a real-world environment. Further, using the 

SwissADME server, the pharmacokinetic profiles of the top 10 drugs and curcumin could be 

predicted by entering their SMILES. The SwissADME anticipated outcome comprises water 

solubility, pharmacokinetics, bioavailability score, and drug-likeness properties (48). In addition, 

SwissADME was used to determine the drug-like features of each compound. The physicochemical 

features of small molecule medications have a substantial effect on their permeability, mainly via 

passive diffusion. Following Lipinski's "rule of five," molecules should have a molecular weight 

(MW) below 500, several hydrogen bond donors (HBD) below 5, several hydrogen bond acceptors 

(HBA) below 10, and a consensus log p-value (log p) below five (49). Fulfilling these standards does 

not guarantee the oral bioavailability of a compound. Consequently, further explorations were 

conducted on additional attributes of drug-likeness, encompassing the topological polar surface area 

(TPSA≤ 140) with a maximum value of 140 and the count of rotatable bonds (RB ≤ 10) not exceeding 

10. These parameters could provide more precise approximations of the probability of activity. The 

top ten compounds (based on docking score) were used to predict their drug-like potential by 

examining pharmacokinetic and pharmacodynamic properties. 

 

2.7 Prediction of Toxicity 

The compounds were evaluated initially for toxicity using the ProTox-II and pkCSM servers (50, 51). 

Toxicology classifications and LD50 values in mg per kg of body weight were obtained from the 

ProTox-II virtual laboratory. Hepatotoxicity, AMES toxicity, and the human Maximum Tolerable 

Dose (log mg/kg/day) were all evaluated using the pkCSM server. A compound is hepatotoxic if it 

causes at least one pathological or physiological change in the liver that is directly linked to a change 

in how the liver functions (52). The maximum tolerated dose of a chemical is defined as the highest 

dose that may be given to animals without causing significant toxicity or mortality. The AMES test 

is a commonly utilized method for determining the mutagenic potential of a substance using 

microorganisms (53). In addition, the acute toxicity of the compounds was evaluated using the 

cutting-edge and user-friendly StopTox software program (54). 

 

2.8 Prediction of Pharmacological and Biological Activity 

The PASS web server was used for predicting the activity spectrum of compounds. This program 

assesses a compound's biological potential based on its structure-activity relationship (55). PASS 

results are presented as a list of potential biological activities with an associated probability of activity 

(Pa) or inactivity (Pi). The top compounds' bioactivity profiles were estimated using the 

Molinspiration website (56).  

 

3. Results 

3.1 Protein structure prediction and modeling 

The SWISS-MODEL online service was used to model the Cyp51A, MDR1, MDR2, MDR3, and 

MDR4 proteins. In addition, the crystallographic arrangement of Cyp51B (PDB code 5FRB) was 

obtained from the Protein Data Bank. The templates exhibiting high sequence coverage and Global 

Model Quality Estimation (GMQE) values were chosen. GMQE values usually range from 0 to 1, 
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with higher values indicating improved structural predictability (57). Multiple models were generated 

for each protein, and the model exhibiting the highest C-score was selected as the optimal candidate 

for subsequent analysis. Table 1. presented data on the 3-dimensional structures acquired and their 

respective levels of quality (Ramachandran, ERRAT, and VERIFY 3D). The Ramachandran plot is 

a graphical representation that illustrates the permissible and impermissible regions of protein residue 

backbone dihedral. A prerequisite for being deemed a high-quality model is over 85% of residues 

within permissible regions. ERRAT factor was another quality assessment. ERRAT is a non-bonded 

atomic interaction known as an overall quality factor, with more significant percentages indicating 

higher quality. Typically, the range for models of good quality exceeds 50. The total quality factor 

assessed for six proteins targets by the ERRAT server was within acceptable levels. Statistical data 

from the RC plot show that 90–94.1% of the residues in the modeled proteins belong to the most 

preferred region in the RC plot. This reveals that the modeled structures are accurate and reliable for 

further analysis. Findings from the ERRAT score also agree with the high accuracy of the modeled 

structures of the protein, where parameters range from 87.63 to 98.99%. The VERIFY 3D profile, 

which incorporates 3D and 1D features, necessitates a minimum of 80% of amino acids to possess a 

value exceeding 0.2. According to the projections made by the Verify 3D server, over 80% of the 

residues in the six proteins exhibited scores exceeding 0.2 (Table 1). 

 

Table 1. Characterization and quality analysis of selected proteins for molecular docking with 

compounds selected 
Protein 

Target 

UniProt ID METHOD POSITIONS ERRAT 

 

VERIFY3D 

 

Residues in most favored regions 

(Ramachandran) 

Cyp51A Q4WNT5 Swiss model 1-515 93.08% 87.04% 92.6% 

Cyp51B E9QY26 X-ray diffraction 50-518 87.63% 90.43% 90.0% 

MDR1 Q4WTT9 Swiss model 1-1349 93.17% 83.37% 92.9% 

MDR2 Q4WPP6 Swiss model 1-791 98.99% 80.17% 94.1% 

MDR3 Q4WF45 Swiss model 1-528 94.37% 82.33% 93.3% 

MDR4 Q4WSI1 Swiss model 1-1330 95.08% 80.94% 93.1% 

 

3.2 Identification of physiochemical parameters 

The physicochemical characteristics of six proteins were assessed through the ProtParam tool 

available on the ExPasy server. Table 2. presents the results of this analysis.  

 

Table 2. The physicochemical properties of six designated proteins. 

Parameter 
Values 

Cyp51A Cyp51B MDR1 MDR2 MDR3 MDR4 

Molecular Weight (gm) 58068.0 58930.8 147784.4 85168.6 57042.2 144722.9 

Number of Amino Acid 515 524 1349 791 528 1330 

Theoretical PI 8.67 7.64 6.68 9.55 8.22 8.51 

Aliphatic index 86.89 89.48 94.94 94.05 101.65 99.75 

Instability index 42.96 43.95 33.93 36.09 49.09 39.54 

GRAVY -0.216 0.125 0.024 -0.038 0.430 0.107 

Total number of negatively charged residues (Asp + Glu) 51 56 144 71 28 122 

Total number of positively charged residues (Arg + Lys) 56 57 139 90 31 131 

 

Proteins exhibiting an instability index below 40 are deemed stable, whereas those above 40 suggest 

potential instability. The calculated theoretical isoelectric point (pI) less than 7 indicates the acidic 

nature of the target protein, but the proteins with a pI higher than 7 indicate the alkaline nature. The 

aliphatic index of the target proteins indicates their thermal stability. 

 

3.3. Molecular docking analysis 

Affinity binding energy of compounds with thresholds as low as -8 for each protein target (Cyp51A, 

Cyp51B, MDR1, MDR2, MDR3, and MDR4) using the server (https://bioinformatics.psb.ugent) 

review and the Venn diagram was reported, which indicated that 20 compounds have the lowest 

affinity binding energy in the interaction of six proteins (Fig. 2). Docking Results of antifungal 

agents, similar structures as well as curcumin and its analogs with binding energy for each protein 

https://jptcp.com/index.php/jptcp/issue/view/79
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target were reported in Table 3 and 4. The final score was determined by energy-minimizing poses 

and displayed as the docking score. The best-docked position with the lowest docking energy (better 

docking score) value was noted for each molecule. In the docking investigation, no limitations were 

utilized. After docking, top-ranked molecules were sorted based on their docking score. The positive 

binding is indicated by the decrease in docking energy (better docking score). 

 

 
Fig. 2. Intersection of 20 compounds with the lowest binding energy on six protein targets 

 

Table 3. Docking Results of antifungal agents and similar structures with the lowest binding 

energy. 
Compounds name Binding  Energy(kcal/mol) PubChem 

CID Cyp51A Cyp51B MDR1 MDR2 MDR3 MDR4 

Pramiconazole -11.5 -12.1 -9.7 -10.4 -10.8 -10.2 3013050 

Saperconazole -11.5 -11.7 -9.5 -9.5 -10.7 -9.6 9809993 

Itraconazole -11 -9.3 -8.8 -8.9 -10.5 -9.8 55283 

Oteseconazole -9.4 -11.9 -9 -8.8 -9.6 -9.5 77050711 

Olorofim -10.7 -9 -9.1 -9.2 -10.4 -8.9 91885568 

Quilseconazole -9.8 -9.1 -9.5 -9 -10.5 -9.2 91886002 

Amphotericin B -9.7 -8.9 -8.4 -9.9 -9.7 -10.2 5280965 

Nystatin -10.9 -8.9 -8.7 -8.8 -10.4 -8.7 6433272 

35-Deoxyamphotericin B -9.6 -8.2 -8.6 -8.8 -11.2 -9.9 101481774 

Ketoconazole N-Oxide -9.9 -9.5 -8.8 -8.6 -9.1 -9.1 129318412 

2,3-Dehydro Ketoconazole -9.6 -9.1 -9.1 -8.5 -9.6 -9 71315319 

Methylamphotericin B -8.8 -8.6 -8.7 -9.5 -10.2 -9 11968030 

ketoconazole -9.1 -10 -8.7 -8.7 -9.4 -8.8 456201 

Voriconazole -8.5 -8.4 -8.5 8.7 -8.3 -8.6 11968030 

Triaconazole -9.1 -8.8 -8.5 -8.1 -8.6 -8.9 441383 

Nikkomycin -8.3 -8.6 -9 -8.4 -8.8 -8.5 456557 

Dichlorophenyl Imidazoldioxolan (Elubiol) -8.9 -8.7 -8 -8.1 -8.7 -9 158496 

Efinaconazole -8.2 -8.1 -8.7 -8.4 -8.9 -8.7 489181 

Voriconazole N-Oxide -8.6 -8.4 -8.1 -8.2 -8.4 -8.5 10044355 

Fluconazole -8.1 -8.7 -8.3 -8.4 -8 -8.1 3365 

https://jptcp.com/index.php/jptcp/issue/view/79


In Silico Analysis And Molecular Docking Of Curcumin Analogs And Antifungal Compounds Against Critical Proteins 

Of Aspergillus Species: A Comparative Investigation 

 

Vol. 30 No. 19 (2023): JPTCP (1345 - 1365)  Page | 1352 

Table 4. The binding energy of curcumin and its analogs in interaction with six critical genes 

related to Aspergillus drug resistance. 
Compounds name Binding  Energy PubChem CID 

Cyp51A Cyp51B MDR1 MDR2 MDR3 MDR4 

Difluorinated curcumin(CDF) -9.7 -9.6 -9.7 -8.7 -9.3 -10.2 54597187 

Cyclocurcumin -8.6 -8.7 -8.7 -8.2 -8.9 -9.9 69879809 

Curcumin -8.3 -9.2 -8.6 -8 -8.3 -8.9 969516 

Curcumin sulfate -8.6 -8.6 -7.6 -7.5 -7.8 -8.5 66645351 

Dimethoxycurcumin -8 -8 -7.7 -7 -8.2 -7.6 9952605 

Tetrahydrocurcumin -7.4 -7.7 -7.5 -7 -8.1 -8.4 56965746 

 

The analyzing H-bonds of the lowest affinity binding energy and their distance compared to curcumin 

and its analogs were reported in Table 5. The molecular binding analysis illustrated the H-bonding 

interaction of pramiconazole (with the lowest binding energy), curcumin (as a candidate natural 

compound in the current study), and CDF (as a curcumin analog with the lowest binding energy) 

between protein targets in Figs. 3, 4, and 5. 

 

Table 5. The details of the H-bond of 3 candidate ligands in interaction with six target proteins 
Drug-protein interaction H-bond Donor Atom Acceptor Atom Distance 

Pramiconazole –Cyp51A N:UNK1:HN - A:SER486:OXT HN OXT 2.37921 

Pramiconazole –Cyp51B A: ILE232: HN - N: UNK1: O HN O 2.35471 

A: GLN309:HE22 - N: UNK1: O HE22 O 2.49528 

Pramiconazole –MDR1 N:UNK1:HN- A:GLN952:OE1 HN OE1 2.3318 

A:ASN396:HD21 - N:UNK1:F HD21 F 2.46315 

Pramiconazole –MDR2 N: UNK1: HN - B: ARG251: O HN O 2.4633 

Pramiconazole –MDR3 N: UNK1: HN - A: ARG321: O HN O 2.14335 

N: UNK1: HN - A: LEU69: O HN O 1.85045 

A: HIS73:HE2 - N: UNK1: O HE2 O 2.42012 

Pramiconazole –MDR4 N: UNK1: HN - A: LEU917: O HN O 2.2662 

A: GLN382:HE21 - N: UNK1: O HE21 O 2.40393 

Curcumin– Cyp51A N: UNK1: H - A: GLY448: O H O 2.34549 

Curcumin– Cyp51B A: ASN427:HD21 - N: UNK1: O HD21 O 2.39427 

A: ARG462:HH11 - N: UNK1: O HH11 O 1.89431 

A: ARG462:HH21 - N: UNK1: O HH21 O 2.40787 

Curcumin– MDR1 N:UNK1:H - A:GLU851:OE1 H OE1 1.95859 

N:UNK1:H - A:GLU851:OE2 H OE2 2.46857 

A: SER14: HG - N: UNK1: O HG O 2.49722 

A: LYS1069:HZ2 - N: UNK1: O HZ2 O 2.48335 

Curcumin– MDR2 N: UNK1: H - B: LEU236: O H O 2.13029 

N:UNK1:H - B:SER192:OG H OG 2.29926 

N: UNK1: H - B: TYR454: O H O 2.46342 

A: ASN421:HD21 - N: UNK1: O HD21 O 2.22288 

Curcumin– MDR3 N: UNK1: H - A: TRP310: O H O 2.17328 

N: UNK1: H - A: ALA498: O H O 2.12728 

A: CYS382: HG - N: UNK1: O HG O 2.46257 

Curcumin– MDR4 N:UNK1:H - A:ASN339:OD1 H OD1 2.49692 

A: ASN339:HD21 - N: UNK1: O HD21 O 1.95931 

A: GLN1035:HE21 - N: UNK1: O HE21 O 2.30315 

CDF-Cyp51A N: UNK1: H - A: PHE208: O H O 2.48255 

CDF-Cyp51B A: ASN427:HD21 - N: UNK1: O HD21 O 2.0293 

A: ARG462:HH11 - N: UNK1: O HH11 O 1.77081 

A: ARG462:HH21 - N: UNK1: O HH21 O 2.26684 

CDF-MDR1 N: UNK1: H - A: ASN392: O H O 1.86105 

A:ASN392:HD22 - N:UNK1:F HD22 F 2.44011 

A: ASN396:HD21 - N: UNK1: O HD21 O 2.11617 

A: GLN1015:HE21 - N: UNK1: O HE21 O 2.23157 

CDF-MDR2 N:UNK1:H - A:ASP278:OD1 H OD1 2.42228 

A: ARG579:HH11 - N: UNK1: O HH11 O 2.35949 

A: ARG579:HH21 - N: UNK1: O HH21 O 2.45294 

CDF-MDR3 A: GLN150:HE22 - N: UNK1: O HE22 O 2.36326 

CDF-MDR4 A: SER998: HG - N: UNK1: O HG O 2.25399 

 

UNK: compound or drug, GLY: Glycine, VAL: Valine, LEU: Leucine, MET: Methionine, SER: 

Serine, ARG: Arginine, GLU: Glutamic acid, LYS: Lysine, ALA: Alanine, ASP: Aspartic acid, ASN: 

Asparagine, THR: Threonine, GLN: Glutamine, HIS: Histidine, H: Hydrogen, O: Oxygen, N: 

Nitrogen 
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Fig. 3. The 3D and 2D visualization of docking analysis of pramiconazole molecular interaction 

with six target proteins. 

 

 
Fig. 4. The 3D and 2D visualization of docking analysis of curcumin molecular interaction with six 

target proteins. 
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Fig. 5. The 3D and 2D visualization of docking analysis of CDF molecular interaction with six 

target proteins. 

 

3.3 Prediction of ADME and drug-likeness   

The ADME screening and drug-likeness evaluation were performed by inserting canonical SMILES 

into the Swiss-ADME server. 

 

3.3.1 Swiss-ADME selectivity factors for top compounds 

Several ADME features of the top 10 compounds, curcumin, and its analogs, including water-

solubility, Bioavailability Score, BBB Permeant, and GI Absorption, are provided to evaluate the 

potential for drug ability (Table 6). They were calculated by using the SwissADME Online server. 

Pramiconazole, saperconazole, itraconazole, oteseconazole, olorofim, quilseconazole, and 

ketoconazole N-Oxide had the poorest solubility. Amphotericin B, nystatin, and 35-

deoxyamphotericin B are soluble. Curcumin and its analogs, except CDF, were found to be 

moderately soluble, while that CDF has poor solubility. Within the category, 30% of the compounds 

exhibited elevated bioavailability scores. Also, curcumin and its analogs showed high bioavailability 

scores. All compounds except oteseconazole, quilseconazole, amphotericin B, nystatin, 35-

deoxyamphotericin B, and curcumin sulfate exhibited a high GI absorption. 
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Table 6. Swiss-ADME analysis of top 10 compounds, curcumin, and its analogs docked against six 

target proteins. 
Compounds Water Solubility Bioavailability Score BBB Permeant GI Absorption 

Pramiconazole Poor 0.17 No High 

Saperconazole Poor 0.17 No High 

Itraconazole Poor 0.17 No High 

Oteseconazole Poor 0.17 No Low 

Olorofim Poor 0.55 No High 

Quilseconazole Poor 0.55 No Low 

Amphotericin B Soluble 0.17 No Low 

Nystatin Soluble 0.17 No Low 

35-Deoxyamphotericin B Soluble 0.17 No Low 

Ketoconazole N-Oxide Poor 0.55 No High 

Curcumin and its analogs     

Curcumin Moderate 0.55 No High 

CDF Poor 0.55 No High 

Cyclocurcumin Moderate 0.56 No High 

Curcumin sulfate Moderate 0.56 No Low 

Dimethoxycurcumin Moderate 0.55 Yes High 

Tetrahydrocurcumin Moderate 0.55 No High 

 

3.3.2. Investigation of drug-likeness 

The compounds' drug-likeness was assessed based on Lipinski's rule of five characteristics. The initial 

parameter pertains to the maximum allowable molecular weight threshold, with a value of 500 or less. 

The molecular weight of the olorofim, curcumin, and its analogs is lower than 500 g/mol, but other 

compounds (All of the top 10) did not follow this rule. The second parameter restricts H-band 

acceptors to a maximum of 10 (HBA ≤ 10), while the third parameter restricts H-band donors to a 

maximum of 5 (HBD ≤ 5). The last parameter sets a threshold for the consensus log p-value at a 

maximum of 5 (log p ≤ 5). In Table 7, the drug-likeness of all compounds is shown. The consensus 

log P values for amphotericin B and nystatin are negative, indicating that these compounds have a 

greater affinity for the aqueous phase. Compounds such as pramiconazole, curcumin, and its analogs 

adhere to all five rules but do not assure drug-likeness. Nonetheless, they are more likely to 

demonstrate improved absorption through the oral route. Also, the inadequacy of these parameters 

does not necessarily mean the complete loss of drug effectiveness. Moreover, passing these 

parameters does not necessarily indicate the oral activity of the compounds. According to the previous 

cases, additional features regarding drug similarity were considered, including a topological polar 

surface area (TPSA) not exceeding 140 and the number of rotatable bonds (RB) not exceeding 10, as 

these factors could offer more precise estimations concerning oral bioavailability. 

 

Table 7. Lipinski of parameters to examine drug-likeness of top 10 compounds, curcumin, and its 

analogs 

Compounds 

Mol. Weight 

(g/mol) 

Rotatable 

Bonds 

H Bond 

Acceptors 

H Bond 

Donors 

TPSA C Log p 

MW ≤ 500 RB ≤ 10 HBD ≤ 10 HBA ≤ 5 (Å𝟐) ≤ 140 Log p ≤ 5 

Pramiconazole 659.73 10 8 0 88.43 4.06 

Saperconazole 672.72 11 9 0 104.70 4.28 

Itraconazole 705.63 11 7 0 104.70 4.71 

Oteseconazole 527.39 9 13 1 85.95 4.79 

Olorofim 498.55 7 5 1 83.36 3.45 

Quilseconazole 513.37 8 13 1 85.95 4.76 

Amphotericin B 924.08 3 18 12 319.61 -0.39 

Nystatin 926.09 3 18 12 319.61 -0.18 

35-Deoxyamphotericin B 908.08 3 17 11 299.38 0.27 

Ketoconazole N-Oxide 547.43 8 7 0 95.26 2.16 

Curcumin and its analogs       

Curcumin 368.38 8 6 2 93.06 3.03 

CDF 492.47 9 8 2 93.06 4.99 

Cyclocurcumin 368.38 5 6 2 85.22 2.82 

Curcumin sulfate 448.44 10 9 2 144.81 2.42 

Dimethoxycurcumin 396.43 10 6 0 71.06 3.65 

Tetrahydrocurcumin 372.41 10 6 2 93.06 3.05 
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3.4. Toxicity prediction 

Toxicity is an essential factor in selecting the best drug compounds. The toxicity of the compounds 

was evaluated using the online machine-learning tools ProTox-II, PkCSM, and StopTox. The ProTox-

II system employs a classification scheme consisting of six distinct toxicity classes (ranging from 1 

to 6) determined dependent on the LD50 value. This classification system is found on a globally 

harmonized chemical classification and labeling system called GHS. The classification of LD50 

values is as follows: Class 1: Fatal if ingested (LD50 ≤ 5). Class 2: in case of lethal consumption (5 

< LD50 ≤ 50). Class 3: Dangerous if swallowed (50 < LD50 ≤ 300). Amphotericin B, nystatin, and 

35-deoxyamphotericin B were in class 3, indicating possible toxicity risks upon oral exposure. The 

fourth class of compounds on the list has a toxicity rating ranging from 300 to 2000 LD50 units and 

is considered hazardous if consumed. This category contains ten of the total sixteen compounds listed. 

Pramiconazole and curcumin are members of this group. Four of the compounds on the list fall into 

the fifth class and could be dangerous if ingested (2000 < LD50 ≤ 5000). The sixth classification 

(LD50 > 5000) contains only non-toxic substances. In this study, no compounds belonging to class 6 

were identified. In addition, using the pkCSM server, three critical parameters, including 

hepatotoxicity potential, maximum tolerated dose in humans, and AMES toxicity, were investigated. 

Among the 16 compounds in the table below, eight are not hepatotoxicity. The preferred range for 

the maximum tolerated dose of a compound in humans for probable drug candidates should be ≤ 

0.477 log (mg/kg/day). Hence, seven compounds have been demonstrated to be well tolerated by 

humans. Humans can tolerate C curcumin and CDF according to the declared permissible limit with 

a dose value of 0.081 and 0.075, respectively, while pramiconazole, with a dose value of 0.905, is not 

within the acceptable range for humans (58). AMES toxicity is used to forecast drug compound 

carcinogenicity. None of the compounds demonstrated AMES toxicity (Table 8). 

 

Table 8. Toxicity prediction reported of critical compounds using ProTox-II and pkCSM servers 

(Top10 Compound, curcumin and its analogs) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STopTox is an extensive assemblage of computational models that can forecast chemical toxicity 

hazards as a substitute for in vivo experiments. The purpose of this analysis was to determine if 

exposure to the compounds could result in a type of acute toxicity. None of the compounds examined 

in this study demonstrated indications of acute inhalation toxicity, except CDF, cyclocurcumin, and 

Curcumin sulfate. Six of the sixteen compounds proved positive for acute oral toxicity. 

Pramiconazole was also one of the compounds with acute oral toxicity. Only cyclocurcumin was 

determined to be positive for dermal toxicity among all compounds examined. Four compounds, 

including oteseconazole, curcumin, curcumin sulfate, and CDF, had positive skin sensitivity. Most 

compounds cause eye irritation and corrosion except for curcumin and its analogs. Also, it was 

demonstrated that no compounds cause skin irritation and corrosion (Table 9). 

ProTox-II pkCSM  

Compounds LD50 Value 

(mg/kg) 

Toxicity 

Class 

Hepatotoxicit

y 
Max. tolerated dose (human) 

(log mg/kg/day) 

AMES 

toxicity  

Pramiconazole 320  4 Yes 0.905 No 

Saperconazole 4000  5 Yes 0.879 No 

Itraconazole 320  4 Yes 0.91 No 

Oteseconazole 1000  4 Yes 0.523 No 

Olorofim 1420 4 Yes 0.62 No 

Quilseconazole 450  4 Yes 0.503 No 

Amphotericin B 100  3 No 0.292 No 

Nystatin 100  3 No 0.281 No 

35-Deoxyamphotericin B 100  3 No 0.279 No 

Ketoconazole N-Oxide 1000  4 Yes 0.956 No 

Curcumin and its analogs 

Curcumin 2000  4 No 0.081 No 

CDF 4000 5 Yes 0.075 No 

Cyclocurcumin 1500 4 No 0.046 No 

Curcumin sulfate 4000 5 No 0.689 No 

Dimethoxycurcumin 2000 4 No 0.671 No 

Tetrahydrocurcumin 2580 5 No 0.125 No 
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Table 9. Acute toxicity analysis was carried out using the StopTox server for top compounds. 

Compounds 

StopTox Acute Toxicity Analysis 

Acute Inhalation 

Toxicity 

Acute Oral 

Toxicity 

Acute Dermal 

Toxicity 

Eye Irritation 

and Corrosion 

Skin 

Sensitization 

Skin Irritation and 

Corrosion 

Pramiconazole No Yes No Yes No No 

Saperconazole No Yes No Yes No No 

Itraconazole No Yes No Yes No No 

Oteseconazole No Yes No Yes Yes No 

Olorofim No Yes No  Yes No No 

Quilseconazole No No No Yes No No 

Amphotericin B No No No Yes No No 

Nystatin No No No Yes No No 

35-Deoxyamphotericin B No No No Yes No No 

Ketoconazole N-Oxide No Yes No Yes No No 

Curcumin and its analogs 

Curcumin No No No No Yes No 

CDF Yes No No No Yes No 

Cyclocurcumin Yes No Yes No No No 

Curcumin sulfate Yes No No No Yes No 

Dimethoxycurcumin No No No No No No 

Tetrahydrocurcumin No No No No No No 

 

3.5 PASS Online Predictions 

The PASS programs' predictions are based on examining the correlation between structure and 

activity within a heterogeneous training dataset encompassing pharmaceutical agents, drug 

compounds, and drug candidates at different phases of clinical and preclinical investigation. The 

values of Pa and Pi exhibit variation within the range of 0.000 to 1.000. It is generally observed that 

the summation of Pa and Pi should not be equal to one. If the Pa value exceeds 0.70, the compound 

will exhibit the desired experimental activity. Table 10 lists compounds exhibiting bioactivities that 

either meet or surpass a Pa value of 0.7. Compounds can be classified into three categories based on 

their bioactivity scores. A score greater than 0.0 is considered "active," while a score between 5.0 and 

0.0 is considered "moderately active." Compounds with a bioactivity score of -5.0 are classified as 

"inactive." These classifications suggest that with some chemical structure modifications, the 

compounds may have the potential as drugs. 

 

Table 10. The biological activity and predicted bioactivity outcomes for the selected compounds. 
Compounds Biology activity  

(pa > 0.7) 

Molinspiration 

GPCR 

ligand 

Ion channel 

modulator 

Kinase 

inhibitor 

Nuclear receptor 

ligand 

Protease 

inhibitor 

Enzyme 

inhibitor 

Pramiconazole Antifungal activity -0.20 -1.06 -0.74 -1.01 -0.15 -0.69 

Saperconazole Lanosterol 14 alpha demethylase inhibitor, 

Antifungal, CYP51 inhibitor 

-0.41 -1.50 -1.24 -1.27 -0.61 -0.96 

Itraconazole Lanosterol 14 alpha demethylase inhibitor,  

Antifungal, CYP17 inhibitor,  CYP51 inhibitor 

-0.40 -1.50 -1.30 -1.31 -0.66 -0.97 

Oteseconazole CYP2C19  inhibitor 0.25 -0.14 -0.09 0.15 0.30 0.10 

Olorofim Platelet derived growth factor receptor kinase 

inhibitor 

0.11 -0.22 0.23 -0.27 -0.26 -0.01 

Quilseconazole Cytochrome P450 inhibitor 0.32 0.00 0.11 0.19 0.38 0.11 

Amphotericin B Antiprotozoal ( Leishmania and Amoeba), Anti-

infective, Antifungal, Antibacterial 

-3.06 -3.51 -3.54 -3.45 -2.45 -2.95 

Nystatin Antiprotozoal (Amoeba),  Anti-infective, Antifungal, 

Antiprotozoal (Leishmania),  Antibacterial 

-3.04 -3.51 -3.54 -3.44 -2.45 -2.93 

35-Deoxy 

Amphotericin B 

Antiprotozoal (Leishmania, Amoeba), Anti-

infective,  Membrane integrity antagonist 

Antifungal, Antibacterial 

-2.93 -3.41 -3.49 -3.42 -2.27 -2.85 

Ketoconazole N-

Oxide 

27-Hydroxycholestrol 7alpha-monooxygenase 

inhibitor, CYP17,51 inhibitor, Lanosterol 14 alpha 

demethylase inhibitor 

0.27 -0.18 -0.20 -0.31 -0.20 0.23 

Curcumin and its analogs 

Curcumin Feruloyl esterase inhibitor, Membrane integrity 

agonist, Monophenol monooxygenase inhibitor, 

Reductant 

-0.06 -0.20 -0.26 0.12 -0.14 0.08 

CDF JAK2 expression inhibitor, Feruloyl esterase 

inhibitor, Prostate cancer treatment, HIF1A 

expression inhibitor 

-0.10 -0.26 -0.18 -0.05 -0.14 -0.03 

Cyclocurcumin Feruloyl esterase inhibitor, Free radical scavenger,  

JAK2 expression inhibitor, CYP51A inhibitor 

-0.04 -0.31 -0.28 0.10 -0.11 0.09 

Curcumin sulfate Glutathione S-transferase substrate, HIF1A 

expression inhibitor, Monophenol monooxygenase 

inhibitor  JAK2 expression inhibitor, CYP2C12 

substrate 

0.13 -0.23 -0.27 0.04 0.22 0.44 
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Dimethoxycurcumin HIF1A expression inhibitor, JAK2 expression 

inhibitor, Feruloyl esterase inhibitor, MMP9 

expression inhibitor, Apoptosis agonist 

-0.09 -0.23 -0.28 0.04 -0.14 0.02 

Tetrahydrocurcumin HIF1A expression inhibitor, 5Hydroxytryptamine 

release stimulant, JAK2 expression inhibitor, MMP9 

expression inhibitor 

0.05 -0.04 -0.23 0.12 0.00 0.13 

 

4. Discussion 

Aspergillosis is a group of non-contagious, opportunistic, and different mycoses caused by species of 

Aspergillus (59). Few Aspergillus species cause serious infections, but individuals with transplants, 

those taking immunosuppressive medications, or those with AIDS, diabetes, or blood cancers are 

more likely to develop aspergillosis. It can also occur in immunocompetent patients. A. fumigatus is 

the most prevalent species of Aspergillus that causes invasive clinical forms (60). Azoles are 

commonly employed for the treatment of aspergillosis. These antifungal agents function by inhibiting 

the 14-sterol demethylase (14-DM, CYP51), a monooxygenase in fungal cells that plays a crucial role 

in biosynthesis of ergosterol (61). Cyp51 is the gene that encodes both the Cyp51A and Cyp51B 

enzymes, which are azole drug targets required for ergosterol production, which is required for 

various fungal metabolic functions, including membrane integrity and permeability, cell cycle 

progression, and cell shape. As a result, specific inhibition of these enzymes is critical for ensuring 

an appropriate therapeutic response (62). Previous studies determined that azole antifungals work by 

directly inhibiting the Cyp51 proteins, which results in the gradual creation of carbohydrate regions 

in the cell wall and the accumulation of toxic sterol intermediates within the cell the loss of ergosterol 

in the cell membrane (63). Treatment-resistant Aspergillus species to triazoles have been linked to 

point changes in Cyp51A, tandem repeats in the promoter of Cyp51A, and upregulation of Cyp51A 

(64). Reported elevated constitutive and azole-inducible Cyp51B expression levels in two clinical 

isolates resistant to azoles despite having wild-type Cyp51A. The statement suggests a possible link 

between azole resistance and Cyp51B (65). It was also shown that Cyp51B's heme group is crucial 

to the synthesis of the cell wall of A. fumigatus. The heme group, encoded in a strategically important 

position within the active region of CYP51B, is an essential component of this protein. Therefore, 

eliminating this section could prevent this protein from functioning in fungal cell wall formation (66). 

The overexpression of efflux transporters MDR1-4 in clinical isolates impedes the accumulation of 

triazoles through their extrusion from the cell, ultimately leading to the development of resistance 

(67). Studies have demonstrated that the upregulation of efflux transporters can enhance the drug 

resistance of Aspergillus (68, 69). Pramiconazole is a newly developed triazole antifungal agent that 

functions by impeding the synthesis of ergosterol in fungal cell membranes. It leads to augmented 

cell permeability and destruction and exhibits robust in vitro anti-dermatophyte and anti-yeast 

activities akin to existing antifungal medications (70). In preclinical investigations, pramiconazole 

demonstrated antifungal activity comparable to or superior to itraconazole and ketoconazole. It was 

found to have a wide range of activities inhibiting ergosterol synthesis (71). Another study found that 

oral and topical pramiconazole formulations were more efficient than itraconazole and terbinafine in 

inhibiting Microsporum canis formation in guinea pigs (72). According to the molecular docking data 

in this study, pramiconazole, as a multi-target ligand, had the lowest binding energy with all six target 

proteins compared to other selective ligands. The drug-likeness evaluation of pramiconazole 

indicated that all parameters except molecular weight met Lipinski's guidelines. It has low solubility 

and high GI absorption. The results of the toxicity evaluation using the ProTox-II server specified 

that this compound has a toxicity class of 4 and an LD50 of 320 mg/kg. pkCSM analysis indicated 

that pramiconazole is hepatotoxic. StopTox outcomes determined that this compound does not result 

in acute oral toxicity, eye irritation, or corrosion. It may be toxic in cases of acute inhalation or dermal 

toxicity. Based on bioactivity prediction with PASS online server, this compound inhibits aldosterone 

14 alpha demethylase and can be considered an antifungal agent. Plant-derived natural compounds 

were demonstrated to block the development of the fungal cell wall, sphingolipids, and protein, 

making them attractive antifungal agents. Curcumin, a compound derived from plants, has been the 

subject of extensive research and is reported to possess antifungal activity (73-75). The study revealed 
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that curcumin exhibited antifungal properties against Candida albicans and modulated proteolytic 

enzyme activities without significantly impacting gene expression (76). Curcumin also has biological 

effects on C. albicans, notably stopping biofilm formation and affecting how the cells stick together 

(77). Researchers have also determined that combining fungicide products, curcumin, and 

photodynamic therapy might synergistically enhance the efficacy of existing antifungal strategies (78, 

79). In this study, curcumin displayed binding affinity -8.3 and -9.2 kcal/mol with Cyp51A and 

Cyp51B, respectively. In addition, docking data indicate that the interaction between curcumin and 

MDR1-4 has a considerable binding affinity. According to the Swiss-ADME evaluation, its solubility 

is moderate, its GI absorption is high, and its bioavailability score is 0.55. The molecule has a 

molecular weight of 368.38 g/mol, six H-bond acceptors, and two H-bond donors, and drug-likeness 

assessment shows that curcumin does not violate Lipinski's principles. As a result, it has the potential 

to become a medication. Furthermore, pkCSM analysis suggests that curcumin is not hepatotoxic. 

Based on ProTox-II, this compound has a toxicity class of 4 and an LD50 of 4000 mg/kg. By StopTox 

server analysis, curcumin may not induce acute inhalation, cutaneous, or oral toxicity. However, it 

can cause skin sensitivity. Curcumin has active bioactivity ratings in nuclear receptor ligand and 

enzyme inhibitor, and average bioactivity scores in GPCR ligand, ion channel modulation, kinase 

inhibition, and protease inhibition, according to the results of the web-based tool Molinspiration. In 

the present research, CDF with the lowest binding energy against gene overexpression produces the 

14-a-sterol demethylase enzyme (Cyp51A and Cyp51B) and resistance by multidrug efflux pumps 

(MDR1-4) in Aspergillus spp. can be considered a promising candidate for use as an antifungal agent. 

CDF is a new and efficient fluorinated curcumin analog more bioavailable than curcumin. It has been 

revealed to inhibit growth more effectively than curcumin (80). Prior research has established that 

curcumin analogs exhibit enhanced synergistic antifungal efficacy against Candida species resistant 

to fluconazole, demonstrating promising prospects for developing novel anti-drug-resistant fungal 

therapeutics (81). In recent years, medicinal chemists worldwide have made massive efforts to 

generate structurally modified, therapeutically useful curcumin analogs/derivatives. Dong et al. 

conducted a study that employed curcumin derivatives to recover fluconazole potency against 

Candida species resistant to fluconazole. These compounds displayed suitable antifungal activities 

(82). Regarding the antifungal effects of CDF, Zarrinfar et al. observed that both CDF and curcumin 

suppressed the growth of dermatophytic strains under in vitro. CDF outperformed curcumin, 

particularly against Trichophyton interdigitale. CDF and curcumin have the potential to be developed 

for use in dermatophytosis to supplement existing treatments (83). Based on the findings of this 

research, this compound exhibited favorable interactions in docking studies against all the targets 

compared to other curcumin analogs. The compound CDF exhibits a molecular weight of 492.47 

g/mol and possesses 8 H-bond acceptors as well as 2 H-bond donors. Furthermore, it satisfies all of 

the Lipinski parameters. The ADME profile of the compound indicated reduced aqueous solubility, 

elevated absorption in the gastrointestinal tract, and a bioavailability index of 0.55. Toxicity studies 

assigned an LD50 of 4000 mg/kg to this compound, placing it in toxicity class 5, and a pkCSM 

analysis indicated that CDF is hepatotoxic. Furthermore, the results obtained from StopTox indicate 

a favorable toxicity profile, with no acute inhalation, dermal, oral, cutaneous, or ocular toxicity, or 

skin corrosion. Predictions of its bioactivity indicate that it could be a JAK2 expression inhibitor, a 

feruloyl esterase inhibitor, or a HIF1A expression inhibitor. Also, the result of the Molinspiration 

server has shown that it can act as a kinase, protease, and enzyme inhibitor. In this work, after 

thoroughly screening all known ligands, pramiconazole, and CDF were the most effective inhibitors 

of Cyp51A, and Cyp51B, compared to curcumin and another selected compound and MDR-1–4. 

There is the possibility that these compounds might not perform better in all screening tests. In 

addition, the results of this investigation indicate that their potential toxicity is limited. Due to the 

computational nature of this research, in vitro and in vivo analyses are recommended to determine 

these compounds' target inhibition potential accurately. 
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5. Conclusions 

Through in silico prediction and molecular docking, this study has identified potential compounds for 

treating Aspergillus infections. Among the compounds assessed, pramiconazole, CDF, and curcumin 

demonstrated higher binding affinity with six crucial proteins, indicating their potential as effective 

agents against Aspergillus species. However, further optimization is necessary to address unfavorable 

parameters for predicting toxicity and ADME before these compounds can be considered for human 

consumption. Despite the need for optimization, toxicity analysis suggests that the compounds have 

a favorable toxicity profile. Furthermore, no toxicity was observed through inhalation, dermal, oral, 

cutaneous, or ocular exposure, and no skin corrosion according to ProTox-II, pkCSM and StopTox 

servers. While these findings were derived from in silico research, they hold promising implications 

for developing effective treatments for Aspergillus infections. To validate the results and explore the 

clinical potential of these compounds, we recommend conducting in vitro and in vivo experiments. 

By combining in silico analysis with in vitro and in vivo investigations, new treatments against 

Aspergillus species could be developed. 
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