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Abstract
Background  Because of their many bioactivities, which include psychoanalytic, antifungal, antihypertensive, anti-
inflammatory, and antiviral properties, pyrazoles and their derivatives are attracting interest in pharmacology and 
medicine, the pressing need for novel fungicides is increased for lessened by the growing microbiological resistance 
of illnesses to recognized antibiotics.

Objective  The current work validates the results and pyrazole binding sites as potent antifungals by investigating 
many pyrazole derivatives as antifungal agents. The biocompatibility was assessed using an HFB4 normal human skin 
cell line.

Methods  The biocompatibility was evaluated using an HFB4 normal human skin cell line and the findings of pyrazole 
binding sites were confirmed using molecular docking. The antifungal investigation was against 4 fungal pathogens: 
Aspergillus flavus ATCC 9643, A. niger ATCC 11414, Rhizopus oryzae ATCC 96382, and Penicillium chrysogenum ATCC 
10106.

Results  Among 20 different Pyrazole derivatives, Pyrazole 3b is the most effective compound against A. niger ATCC 
11414 and A. flavus ATCC 9643 with IZDs and AIs of 32.0 mm (1.10) and 30.0 mm (1.0), respectively. Followed by 
compound 10b scored 28 and 20 mm for A. niger and P. chrysogenum ATCC 10106, respectively. While R. oryzae ATCC 
96382 exhibited resistance with all pyrazole compounds. The study found that pyrazole 3b showed 100% antifungal 
activity between 1000 and 500 μg/ml, 50% at doses of 250 μg/ml, and no antifungal action at a dose of 125 μg/ml 
against the studied pathogenic fungal strains. The biocompatibility investigation showed that the 3b compound 
was completely safe with no IC50 dose obtained. The effectiveness of several pyrazole compounds against fungal 
targets was confirmed through molecular docking studies. The results highlighted that compounds 3b, 3g, 3h, 10b, 
7, and 12 displayed strong binding energies, effectively engaging with the active sites of key proteins in various 
fungi such as FDC1 in A. niger, uridine diphosphate N-acetylglucosamine (UDP-GlcNAc) in A. flavus, and Adenosine 
5′-phosphosulfate kinase in P. chrysogenum. These interactions encompassed diverse molecular bonding types, 
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Introduction
Several recent studies have focused on the production 
and biological activities of many novel antifungal com-
pounds. The pressing need for novel fungicides is made 
easier by infections’ growing microbial resistance to 
recognized antibiotics [1]. One of these compounds are 
pyrazoles and their derivatives which gain attention in 
the fields of pharmacology and medicine due to their 
many bioactivities, which include psychoanalytic, anti-
fungal, antihypertensive, anti-inflammatory, ulcerogenic, 
cytotoxic, muscle-relaxant, antibacterial, antioxidant, 
tranquilizing, hypnotic, antidepressant, and analgesic 
activities [2–13] (Fig. 1). In Agri chemistry, they could be 
applied as fungicidal [11], insecticidal [12], and herbicidal 
[13–15], and acaricidal agents [16]. Pyrazoles are associ-
ated with 3 carbon atoms and 2 nitrogen atoms arranged 
in close proximity make up the five-membered ring 
structure of heterocyclic organic compounds known as 
pyrazoles [1, 3, 7, 17]. This category includes compounds 
such as isoxazole, oxazole, pyrazole, oxadiazole, imidaz-
ole, triazole, tetrazole, and thiazole [2–5]. A few derma-
tophytes (fungus that cause ringworm) and Aspergillus 
sp. are examples of resistant fungi. A more recent spe-
cies, Candida auris, is very resistant to antifungal medi-
cations and may spread rapidly in medical environments 
[7, 17]. A series of pyrazole compounds have been devel-
oped and marketed as fungicides, including furametpyr, 
bixafen, penflufen, penthiopyrad, and isopyrazam which 
have the ability to inhibit succinate dehydrogenase [17]. 
Furthermore, a number of isoxazole compounds, such 
as sulfamethoxazole and oxacillin, have been created as 
medications and insecticides due to their antiviral, anti-
fungal, insecticidal, and herbicidal properties. The exten-
sive usage of isoxazole derivatives in pesticide chemistry 
and medicine has drawn a lot of attention [18]. Signifi-
cant fungicidal activity were demonstrated by a variety 
of cycloadducts–pyrazoles against the necrotrophic 
plant disease Corynespora cassiicola [16, 17]. Rhizocto-
nia solani was well inhibited by isoxazolol pyrazole car-
boxylate [17]. The new pyrazole-thiazole carboxamides 

outperformed the conventional fungicide thifluzamide in 
vitro against R. cerealis [17, 18]. The current study exam-
ines several pyrazole derivatives as antifungal agents 
confirming the findings and pyrazole binding sites as 
effective antifungals. The most active pyrazole compound 
will be selected according to its high bioactivity as an 
antifungal agent according to estimating the clear zone 
of inhibition and activity index. It also evaluates the bio-
compatibility of the compounds using an HFB4 normal 
human skin cell line to be applied in future investigations 
as an effective antifungal agent in the pharmaceutical or 
agriculture sector.

Materials and methods
Chemicals and media sources
Supplier of malt agar (CM0059) was OXOID in the UK. 
The Amoun Pharmaceutical Company in Cairo, Egypt 
provided the standard antibiotic Fluconazole (1000  µg/
ml). Every chemical is of analytical grade.

Fungal strains source
This study investigated strains of four distinct fungal 
pathogens: Aspergillus flavus ATCC 9643, A. niger ATCC 
11414, Rhizopus oryzae ATCC 96382, and Penicillium 
chrysogenum ATCC 10106. Every strain was acquired 
from the Dep. of Micro. Fac. Agric., Ain Shams Uni., in 
Egypt. Initially kept and preserved in malt agar medium 
at 4 °C, the pathogens were then grown overnight at 28 °C 
in malt broth medium to evaluate the antifungal activity.

Fungal standard inoculum preparation
Fungal pathogen standard inoculum was prepared by fol-
lowing the procedure described by [19, 20]. To assess the 
antifungal activity, the pathogens were first maintained 
and stored at 4 °C in malt agar medium. They were then 
cultured in malt broth medium for a whole night at 28 °C.

Preparation of pyrazole derivatives
From the previous work of [21], 1,3-diphenyl-1H-pyr-
azole-4-carbaldehyde (1), which was utilized as precursor 

suggesting these compounds’ potential to hinder enzyme activity and demonstrate notable antifungal properties. 
Additionally, the computational ADMET “Absorption–distribution–metabolism–excretion–toxicity” analysis of these 
compounds revealed adherence to Lipinski’s rules, indicating favorable physicochemical characteristics. The molecular 
dynamic simulations of Adenosine 5’-phosphosulfate kinase in P. chrysogenum, UDP-N-acetylglucosamine in A. flavus, 
and FDC1 in A. niger with 10b also demonstrated the formation of stable complexes with favorable values of Root 
Mean Square Deviation (RMSD), Root Mean Square Fluctuation (RMSF), Solvent Accessible Surface Area (SASA), and 
Radius of Gyration (Rg). These findings support the compounds’ potential in ongoing therapeutic development 
projects.

Conclusion  The study found that pyrazole 3b was the most effective antifungal agent. The compounds’ strong 
binding energies with fungi proteins suggest potential drug development.

Keywords  Antifungal activity, Biocompatibility activity, Dynamic simulations, Molecular docking, Pyrazole derivatives
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for the preparation of new pyrazole derivatives and inves-
tigated for their antifungal activity. The Structure of 
synthesized compounds were identified and confirmed 
using spectral analyses as IR, MS, NMR analysis. First, 
2-cyano-3-(1,3-diphenyl-1H-pyrazol-4-yl)-N-Substi-
tuted-acrylamide derivatives 3a-h was synthesized via 
condensation of 1,3-diphenyl-1H-pyrazole-4-carbalde-
hyde (1) with N-substituted cyanoacetamide derivatives 
2a-h in EtOH/Pip. (Scheme 1).

The existence of the characteristic bands at v = 1687–
1614, 2217–2204, and 3363–3326 cm−1 for CO, CN, and 
NH, respectively, allowed the acrylamide derivatives 
3a–h to be identified by their structures in their IR spec-
tra. Additionally, singlet signals belonging to NHhydrazone, 
CHpyrazole, and =CH protons were detected in the 1H 
NMR spectra of compounds 3a–h at δ ranging from 
10.19 to 13.24, 9.21 to 9.25, and 8.14 to 8.98 ppm, respec-
tively. Furthermore, the 13C NMR spectra of 3a-g showed 
signals at (δ) between 155.26–161.58, 155.02–155.49, and 

115.25–117.07 ppm which were ascribed to C=O, =CH, 
and CN, respectively.

Additionally, hydrazineyl-pyrazole 4 was prepared 
from refluxing compound 1 with hydrazine hydrate 
(N2H4.H2O) in EtOH. Compound 4 reacted with 4,5,6,7 
tetrabromoisobenzofuran-1,3-dione (5) in AcOH to give 
4,5,6,7-tetrabromo-2-(1,3-diphenyl-1H-pyrazol-4-yl)
methylene)amino) isoindoline-1,3-dione (6) (Scheme  2). 
Compound 6’s IR revealed a new peak for the 2 (C=O) 
groups at 1723 and 1754  cm−1. Additionally, compound 
6’s mass spectrum revealed a molecular ion peak at 
m/z = 708 that matches their suggested structure and the 
molecular formula C24H12Br4N4O2.

Moreover, pyrazolinone derivative 7 was synthesized 
from reaction of cyanoacetohydrazide with pyrazole 1 
under basic and/ or acidic conditions in Scheme 3. While 
pyrazoloacetohydrazide 8 is formed as an N-conden-
sation product by performing the same reaction in the 
absence of a base in a water bath as shown in (Scheme 3).

Scheme 2  Synthesis of 4,5,6,7-tetrabromo-2-(((1,3-diphenyl-1H-pyrazol-4-yl)methylene) amino)isoindoline-1,3-dione (6)

 

Scheme 1  Synthesis of acrylamide derivatives 3a-h

 

Fig. 1  Bioactivities of pyrazole derivatives as drugs and pyrazole-containing natural products
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Compound 7’s 1H NMR spectra showed multiple sig-
nals for aromatic protons at δ = 7.34–8.23 ppm, in addi-
tion to two singlet signals for NH and CHpyrazol protons 
at δ = 8.58, 9.28 ppm. On the other hand, a mixture of 
syn- and anti-isomer in a 25% and 75% ratio, respectively, 
was identified by the 1H NMR analysis of 8. Two singlet 
signals for CH2 protons and two singlet signals for the 
=CH proton were detected in the 1H NMR analysis of 8 
at δ = 4.13, 8.13 ppm for the anti-isomer and δ = 3.79, 8.25 
ppm for the syn-isomer, respectively.

Furthermore, condensation of acetohydrazide 8 with 
substituted salicylaldehyde 9a–e at 50  °C under stirring 
condition yielded pyrazolo carbohydrazide chromene 
derivatives 10a–e (Scheme  4). The absorption bands at 
1675–1682  cm−1 were visible in the IR spectra of 9a–e, 
suggesting the existence of C=O groups. Additionally, 1H 

NMR revealed peaks for the NH protones at δ ranging 
from 11.72–13.46 ppm, which validated the structure for 
9–e.

Finally, refluxing acetohydrazide 8 with DMF-DMA 
afforded acrylohydrazide 11 in excellent yield. Moreover, 
pyrazolo pyridazine 12 was produced by acidic hydrolysis 
of the cyano group and cyclization reaction of compound 
11 under acidic medium (AcOH) (Scheme  4). Com-
pound 11’s 1H NMR spectra showed two singlet signals 
at 3.23 and 3.30 ppm, which correspond to two Methyl 
groups, which appeared at 47.57 ppm in its 13C NMR 
spectrum. Additionally, compounds 11 and 12’s mass 
spectra showed molecular ion peaks that corresponded 
to their molecular formulae, supporting their suggested 
structures.

Scheme 4  Formation of chromene-3-carbohydrazide derivatives 10a-e and pyridazine derivative 12

 

Scheme 3  Preparation of pyrazole derivatives 7 and 8
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Antifungal influence of pyrazole derivatives
According to [22], the well-diffusion technique was 
used to test the antifungal activity. This included using a 
9.0 mm cork borer that had been sterilized to create wells 
in the malt agar layer. Sterile malt agar was poured into 
each sterile petri plate after 50  μl of the standard spore 
suspension of each fungus (108 Spores/ml) had been 
planted and the medium had been equally distributed 
across the petri dish. After adding 1000 µg/ml of control 
pyrazole compounds and the standard antifungal (Flu-
conazole 1000 µg/ml) to each well, the petri dishes were 
incubated at 28  °C for 72  h. The diameter of the stan-
dard reference antifungal was compared to the millime-
ters measurements of the inhibitory zones. The formula 
according to [22] was utilized to compute the activity 
index (AI).

	 AI = Inhibition zone diameter of the tested pyrazole

Inhibition zone diameter of the standard antifungal agent � (1)

Evaluation of pyrazoles minimal fungal inhibitory 
concentration (MFIC)
MFIC, or minimal fungal inhibitory concentration, is 
the lowest amount of natural or synthetic antifungal 
medication that stops the fungus from growing signifi-
cantly. In diagnostic laboratories, minimum inhibitory 
concentrations (MICs) are essential for confirming fun-
gal resistance to an antifungal drug and monitoring the 
effectiveness of new antifungal medicines. MICs were 
computed in accordance with the recommendations 
established by the National Committee for Clinical Lab-
oratory Standards (CLS) [19, 22]. In dimethyl sulfox-
ide (DMSO), pyrazoles were serially diluted twice (1/2, 
1/4, and 1/8) and heated at 70 °C for 10 min to get final 
concentrations of 1000–125  μg/ml, respectively. After 
that, these dilutions were put into wells that had already 
been created on plates with fungal infestations. Using a 
calibrated micropipette, fungus spore suspensions were 
prepared and added to malt agar welled plates then incu-
bated for 72 h at 28 °C.

Pyrazoles minimal lethal fungal concentration (MLFC)
The term “minimal lethal fungal concentration” (MLFC) 
refers to the lowest concentration of an antifungal drug 
that may prevent the visible growth of fungi. The fungus 
was initially subjected to different concentrations of the 
pyrazole compounds in order to ascertain this concen-
tration. After that, the growth from the MIFC stage was 
moved to regular malt agar plates. After that, these plates 
are incubated for 72 h at 28 °C. After then, any growth—
or lack thereof—is noted and studied [19, 22].

Pyrazole derivatives effect
Following the acquisition of the MFIC and MLFC 
records, the ratio was computed. The fungicidal activity 
of a pyrazole compound is defined as a ratio higher than 
or equal to 4. However, ratios of two or less suggest that 
activity is at a standstill [19–22].

Pyrazoles derivatives effect = Pyrazole minimum lethal fungal centration (MLFC)
Pyrazole minimum fungal inhibition concentration (MIFC)�(2)

Molecular docking of pyrazole-synthesized compounds
Receptors for proteins derived from RCSB PyMOL soft-
ware was used to enhance the structure of Table 1. This 
required getting rid of ions, water molecules, and pre-
existing substances. Using BIOVIA drawing, the com-
pounds’ chemical structures were shown. Open Babel 
was then used to convert each chemical into the mol2 
format [23]. For docking, the molecules were then con-
verted into the pdbqt format using AutoDock tools. 
AutoDock Vina was used to build ligand-centered maps 
before the actual docking procedure [24]. All informa-
tion related to grid boxes centers and sizes for the three 
protein were mentioned in Table 1. Finally, the 2-D inter-
actions between the target proteins and the ligands were 
analyzed using the Discovery Studio program.

In silico ADMET prediction
The ADMET lab 2.0 server was used to calculate the 
compound’s physicochemical characteristics and Absorp-
tion, Distribution, Metabolism, Excretion and Toxicity 
(ADMET) [25].

Table 1  List of fungal strains, PDB IDs, active sit coordinates center and sizes, and reference compounds
Organism Targets PDB ID Active sit coordinates

Centre and sizes
Binding site 
residues

Native 
Ligand
Id

Reference RMSD 
value

X-center
X-size

Y -Center
Y-Size

Z -Center
Z-Size

A. niger The FDC1 protein 4ZA5
(1.10 Å)

19.96
(25.0)

5.08
(25.0)

20.12
(25.0)

Ile171
Gln190 Ser223

4LU Fluconazole 0.240

A. flavus UDP-N-acetylglucosamine 6G9V
(1.75 Å)

27.52
(25.0)

63.35
(25.0)

−2.29
(25.0)

Tyr330 Glu407 
Glu329

UD1 Fluconazole 0.845

P. chrysogenum Adenosine 5’-phosphosul-
fate kinase

1M7G
(1.43 Å)

72.07
(25.0)

36.33
(25.0)

11.54
(25.0)

Gly37 Lys38 
Ile106

AV2 Fluconazole 0.684
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Molecular dynamics (MD) simulation
To further validate the logic and dependability of the 
docking results, MD simulations were run for 50 ns as 
simulation time with the GROMACS 2018 program. 
CHARMM36 force field parameters were used to design 
the protein’s topology. The compound topology was also 
built using the Geoff server. Ligands were subjected 
to position constraints following coordination. NVT 
and NPT equilibrium tests were carried out for 1000 
ps at 300 K and 1.0 bar. Following the MD simulations, 
the radius of gyration (Rg), root mean square deviation 
(RMSD), and root mean square fluctuation (RMSF) were 
calculated [26].

Biocompatibility of the most active pyrazole compound
The biocompatibility of the most active pyrazole com-
pound was evaluated using HFB4 normal human skin cell 
line. A complete monolayer sheet was created by incu-
bating the 96-well tissue culture plate at 37  °C for 24  h 
following inoculation with 1 × 105 cells/ml (100 µl/well), 
following the procedure described by [27]. Following the 
establishment of a confluent sheet of cells, the growth 
material was collected from the 96-well micro titer 
plates, and the cell monolayer underwent two washing 
media washes. In RPMI medium with 2% serum (main-
tenance medium), the most active pyrazole compound 
was divided into twofold dilutions. They then evaluated 
0.1  ml of each dilution in several wells. We looked at 
the cells for physical signs of toxicity, including granula-
tion, rounding, shrinkage, and partial or complete loss 
of the monolayer. Following the phosphate buffer solu-
tion’s preparation, each well received 20  µl of a 5  mg/
ml MTT (3-(4,5-dimethylthiazol-2-yl-)-2,5 diphenyltet-
razolium bromide) solution from Bio Basic Canada Inc. 
After that, place it on a shaking table and shake it for five 
minutes at 150 rpm to completely integrate the MTT. to 
allow MTT to metabolize, followed by incubation for 4 h 
at 37 °C with 5% CO2. Media was taken out if necessary, 
and paper towels were used to wipe out any remaining 
material from the plate. One may re-dissolve formazan, 
a metabolic product of MTT, in 200 µL of DMSO. Put on 
a shaking table and shaken for five minutes at 150 rpm to 
fully mix the formazan and solvent. At 560  nm, optical 
density was measured, and at 620  nm, background was 
subtracted. There should be a direct relationship between 
optical density and cell number.

% Cell viability = Mean Abs control − Mean Abs of Pyrazol

Mean Abs control
× 100� (3)

Abs absorbance at 560 nm.

Statistical analysis
All collected data were analyzed using IBM® SPSS® Statis-
tics software (2017), and a Duncan test with a P-value of 
0.05 was performed in compliance with [28].

Results
Pyrazole derivatives antifungal activity
After evaluating the antifungal efficiency of pyrazole 
derivatives against dangerous fungi, Table 2 showed that, 
out of the twenty pyrazole compounds, compound 3b 
was the most effective. The inhibition zone diameters 
(IZD) on well-agar diffusion plates ranged from 32.0 mm 
to 11.0  mm. The IZDs of the Fluconazole control anti-
biotic ranged from 32.0  mm to 20.99  mm. A. niger and 
A. flavus had the highest IZDs and AIs of all the inves-
tigated fungi, measuring 32.0  mm (1.10) and 30.0  mm 
(1.0), respectively, in the case of the 3b compound which 
investigated as the most effective pyrazole compound. In 
the second rank came compound 10b which scored IZDs 
of 28 and 20 mm in the case of A. niger and P. chrysoge-
num with 0.87 AI for both. The 3rd ranking for pyrazole 
12 with A. niger and A. flavus of 25.0 and 23.0 mm and 
AI values of 0.78 and 0.72 in the same sequence. On the 
other hand, R. oryzae exhibited resistance with all the 
fungal strains investigated.

Evaluation of MFIC and MLFC of pyrazole derivatives
Data on pyrazole 3b MFIC values against the studied 
fungi ranged between 250 to 1000  μg/ml, as demon-
strated in Table 3 and Fig. 2. For A. flavus and A. niger, 
the MFIC values were at 250 μg/ml. On the other hand, 
the MLFC values for every pathogenic fungus examined 
were 500 μg/ml. Between 1000 and 500 μg/ml, the activ-
ity spectra were found to have 100% antifungal activity; at 
doses of 250 μg/ml, the activity rated 100%. Additionally, 
against the pathogen strains studied, a dose of 125 μg/ml 
revealed no antifungal action. Figure  3 may be used to 
explain the compounds’ antifungal activity based on the 
previous data by altering the kinds of functional groups 
on benzene rings.

Docking and molecular interaction of pyrazole-synthesized 
compounds
To validate their effectiveness, molecular docking was 
used to investigate the binding interactions of all synthe-
sized compounds with protein targets derived from fun-
gal strains with antifungal properties. Table  4 presents 
the findings of the evaluation of the compounds’ binding 
affinities to three fungal protein receptors.

Docking and interaction with Aspergillus niger’s fdc1 
(PDB:ID 4ZA5)
The breakdown of aromatic compounds in A. niger is 
associated with the FDC1 protein, which is essential 
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for producing the distinct volatile aromas of fermented 
liquids like wine and beer. Through docking study, it 
has been revealed that compounds 3b, 3g, 10b, and 12 
exhibit robust affinities, showcasing binding energies 
of −13.70, −13.50, −16.10, and −13.60  kcal/mol respec-
tively, surpassing Fluconazole at −10.70 kcal/mol. These 

compounds establish crucial hydrogen bonds with key 
amino acids such as Ile171, Gln190, and Ser223, fostering 
vital interactions. Additionally, non-hydrophilic interac-
tions like alkyl bonds with various amino acids, Pi-sigma 
bonding with others, Pi-sulfur interactions, Amid-Pi-
stack interactions, Carbon-H bonding, and Pi-cation 
interactions contribute to the intricate binding network. 
Notably, the residues Ile171, Gln190, and Ser223 within 
the catalytic site positively influence the binding affin-
ity of these compounds. In conclusion, the data strongly 
suggests that compounds 3b, 3g, 10b, and 12 show con-
siderable potential for further investigation as possible 
inhibitors of fungal FDC1 in A. niger (Table 5 and Fig. 4).

Docking and interaction studies with A. flavus’s UDP-N-
acetyl glucosamine
UDP-N-acetylglucosamine is an essential component in 
the manufacture of chitin and β-(1,3)-glucan, two cru-
cial components of fungal cell walls, and it is involved in 
several biological processes and metabolic pathways. As 
per the docking outcomes, compounds 3b and 12 exhibit 
notable affinities, boasting binding energies of −9.70 and 
−9.50  kcal/mol, surpassing Fluconazole at −6.60  kcal/
mol. These compounds establish hydrogen bonds with 
significant amino acids, including Arg141, Tyr330, 
Glu329, Asn249, and Glu407, fostering essential interac-
tions. Furthermore, non-hydrophilic interactions such as 

Table 2  IZD for fungal strains administered with pyrazole derivatives following a 72 h incubation period at 28 °C
Pyrazole derivatives
(1000 µg/ml)

A. niger ATCC 11414 A. flavus ATCC 9643 P. chrysogenum
ATCC 10106

R. oryzae
ATCC 96382

IZD (mm) AI IZD (mm) AI IZD (mm) AI IZD (mm) AI
1 0 0 0 0 0 0 0 0
3a 0 0 0 0 0 0 0 0
3b 32 ± 0.14a 1.0 30 ± 0.13b 1.0 20 ± 0.11e 0.87 0 0
3c 0 0 0 0 0 0 0 0
3d 0 0 0 0 0 0 0 0
3e 0 0 0 0 0 0 0 0
3f 0 0 0 0 0 0 0 0
3g 18 ± 0.77f 0.56 0 0 0 0 0 0
3h 0 0 0 0 15 ± 0.25g 0.65 0 0
5 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0
7 0 0 0 0 13 ± 0.11h 0.56 0 0
8 0 0 0 0 0 0 0 0
10a 0 0 0 0 0 0 0 0
10b 28 ± 0.12c 0.87 0 0 20 ± 0.13e 0.87 0 0
10c 0 0 0 0 0 0 0 0
10d 0 0 0 0 0 0 0 0
10e 0 0 0 0 11 ± 0.04i 0.48 0 0
11 0 0 0 0 0 0 0 0
12 25 ± 0.08f 0.78 23 ± 0.02d 0.72 0 0 0 0
Standard antifungal (Fluconazole 1000 µg/ml) 32.0 ± 0.20a 30.02 ± 0.05b 23.1 ± 0.06d 20.99 ± 0.05e

According to [28], the same-letter variables do not differ much from one another

AI Activity index, mm Millimeter

Table 3  Minimal fungal inhibitory concentration (MFIC) and 
minimal lethal fungal concentration (MLFC) of the Pyrazole 3b 
compound following a 72 h incubation period at 28 °C
Pyrazole 3b
(Conc. µg/ml)

A. niger 
ATCC 
11414

A. flavus 
ATCC 9643

Activity 
spectrum

Minimum fungicidal inhibition concentration (MFIC)
1000 - - 2/2 (100%)
500 - - 2/2 (100%)
250 - - 2/2 (100%)
125 + + 0/2 (0%)
Dose of MFIC (µg/ml) 250 250
Minimum lethal fungal concentration (MLFC)
1000 - - 2/2 (100%)
500 - - 2/2 (100%)
250 + + 0/2 (0%)
125 + + 0/2 (0%)
Dose of MLFC (µg/ml) 500 500
Antifungal effect 2 2
- = No detected growth, + = Growth observed. Results according to averages 3 
replicates, Fungicide agent = ≤2 and Fungistatic agent = ≥2
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alkyl bonds with Val357, Cys277, and Ala381, Pi-Sigma 
bonding with Ala381, Carbon-H bonding with Ser331 
and Asp279, and Pi-cation interactions with Glu407 and 
Glu329 contribute to the intricate bonding network. 
The beneficial effect of the active site residues Tyr330, 
Glu407, Ala381, and Glu329 on the compounds’ bind-
ing affinity is noteworthy. In summary, the results clearly 
support compounds 3b and 12 as possible and promis-
ing UDP-N-acetylglucosamine inhibitors in A. flavus 
(Table 6 and Fig. 5).

Docking and interaction with P. chrysogenum’s Adenosine 
5’-phosphosulfate kinase
In many different organisms, the enzyme adenosine 
5-phosphosulfate (APS) kinase is responsible for metabo-
lizing compounds that include sulfur. The findings from 
molecular docking reveal that compounds 3b, 3 h, 10b, 
and 7 exhibit significant binding affinities, with bind-
ing energies values −10.3, −9.90, −10.5, and −10.2  kcal/
mol respectively, surpassing that of Fluconazole at 

Fig. 3  Structure-activity relationship SAR studies of tested compounds against antifungal activities

 

Fig. 2  Observation of the compound 3b treated pathogenic fungal strains’ inhibition zones during a 72 h. incubation period at 28 °C
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−6.20  kcal/mol. These compounds establish hydrogen 
bonds with pivotal amino acids, including Gly37, Lys38, 
Ser36, Ala35, and Gly37, forming essential interactions. 
Additionally, non-hydrophilic interactions such as alkyl 
bonds with Pro150, Leu153, and others, Pi-sulfur inter-
actions with Phe165, and various other bond types con-
tribute to the bonding network. Interestingly, the active 
site residues Gly37, Lys38, Ala35, and Ile106 have a ben-
eficial effect on these compounds’ binding affinities. As 
a result, chemicals 3b, 3h, 10b, and 7 stand out as viable 
options for additional investigation as possible inhibitors 
of P. chrysogenum’s Adenosine 5’-phosphosulfate kinase 
(Table 7 and Fig. 6).

In silico pharmacokinetics ADME prediction of synthesized 
compounds
The most promising compounds (3b, 3g, 3h, 10b, 12, 
and 7) were identified based on their molecular docking 
results, considering their high affinity along with ADME 
and toxicity profiles. First, Table 8 and Fig. 7 display the 
testing substances’ physiochemical characteristics. We 
looked at and assessed every physiochemical criterion. 
As a result, all compounds showed considerable struc-
tural flexibility and enough rotatable bonds (RBs 3–8). 

All compounds had less than 10 hydrogen bond accep-
tors (HBA) and less than 5 HBD, indicating a favorable 
balance of HBD and HBA and a better probability of oral 
bioavailability. Additionally, the compounds’ TPSA val-
ues were comparatively high, lying between 60 to 140, 
which is the ideal range for both oral bioavailability and 
gastrointestinal absorption. Secondly, compounds 3b, 
3g, 3h, 10b, 7, and 12 were further assessed for lipophi-
licity and water solubility. The results demonstrated that 
all active compounds were highly soluble in water, with 
Log S values ranging from −3.876 to −5.341, demon-
strating high water solubility. These properties make it 
easier to synthesize, handle, and formulate these bioac-
tive compounds. Thirdly, pharmacokinetic experiments 
showed that the compounds had a remarkable theo-
retical accessibility, indicating that they may develop 
into drug-like substances. However, there was evidence 
of substantial intestinal absorption and the possibil-
ity of medication interactions due to the inhibition of 
the CYP1A2, CYP2C19, and CYP2C9 enzymes. Fourth, 
analyses using the Lipinski, Golden Triangle, and Pfizer 
guidelines showed that every molecule had the physi-
cochemical characteristics needed for drug develop-
ment and satisfied the drug-likeness requirements. All 
drugs showed more than 99% binding, according to 
the assessment of plasma protein binding (PPB), which 
suggests a low therapeutic index and a low proportion 
of unbound plasma. Additionally, all compounds were 
anticipated to be BBB- and incapable of passing through 
the blood-brain barrier, improving their safety profiles. 
Lastly, Table 9 shows that these chemicals appear to be 
non-toxic and reasonably safe based on computational 
evaluations.

Molecular dynamics simulation (MDS)
Based on the docking results of three antifungal activ-
ity receptors with the promising compounds 10b and 
3b, dynamic simulations were conducted to explore 
the behavior and stability of the protein complex at the 
atomic level. Various analyses were carried out on the 
MDS complex with 10b and 3b to evaluate the stability 
and dynamics of these complexes. The RMSD was utilized 
to assess the stability of protein structures. For instance, 
the stability of the fdc1 complex of A. niger (PDB: 4ZA5) 
with 10b was observed to range between 0.20–0.25 nm, 
with stabilization occurring after 15 ns. Similarly, the 
UDP-N-acetylglucosamine of A. flavus (PDB: ID 6G9V) 
complexed with 3b exhibited steady RMSD values within 
the range of 0.40–0.45  nm, reaching a stable state after 
20 nm. The APS kinase of P. chrysogenum complexed with 

Table 4  Binding affinity of compounds with targets of 
antifungal activity
No Compounds Affinity (kcal/mol⁻¹)

A. niger A. flavus P. chrysogenum
(PDB.ID: 4za5) (PDB.ID: 6g9v) (PDB.ID: 1m7g)

1 10a −10.3 −9.0 −9.7
2 10b −16.1 −9.3 −10.5
3 10c 7.6 −9.2 −9.0
4 10d 7.1 −8.8 −9.6
5 10e 7.0 −8.8 −8.9
6 11 −11.5 −8.1 −8.8
7 12 −13.6 −9.5 −9.0
8 1 −9.3 −6.7 −7.7
9 3a −11.4 −8.8 −8.9
10 3b −13.7 −9.7 −10.3
11 3c −10.3 −8.7 −8.3
12 3d −11.1 −8.5 −8.0
13 3e −11.7 −8.6 −8.0
14 3f −11.1 −8.8 −8.6
15 3g −13.5 −8.2 −8.6
16 3h −10.9 −8.7 −9.9
17 5 −11.5 −6.8 −7.7
18 6 −10.2 −8.1 −8.8
19 7 −10.1 −8.4 −10.2
20 8 −10.4 −8.0 −8.7
21 Fluconazole −10.7 −6.6 −6.2
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compound 10b also demonstrated stability, with RMSD 
ranging from 0.20–0.30  nm and reaching stability after 
30 ns. Additionally, RMSF analysis was used to assess the 
flexibility of amino acid residues during the simulation; 
the majority of residues had very minor variations (0.1–
0.7 nm), suggesting relative stability. The fdc1 complex of 
A. niger, UDP-N-acetylglucosamine of A. flavus, and APS 
kinase of P. chrysogenum complexes had Rg values rang-
ing from 2.20–2.35 nm, 1.90–2.00 nm, and 1.75–1.95 nm, 
respectively. Rg analysis was performed to evaluate the 
general shape of the protein complexes. These numbers 
shed light on how compact or expansive the protein 
structures were during the simulation. A. niger’s fdc1 

complex, A. flavus’s UDP-N-acetylglucosamine, and P. 
chrysogenum’s APS kinase all had SASA values between 
135 and 145 nm2, 155 and 165 nm2, and 115 and 130 nm2, 
respectively. Additionally, SASA analysis was carried out 
to comprehend the stability and kinetics of protein fold-
ing. Finally, the stability of the proteins was assessed by 
examining the development and variation of intramo-
lecular and intermolecular hydrogen bonds. While inter-
molecular hydrogen bonds displayed varying degrees of 
interactions, intramolecular hydrogen bonds within the 
fdc1 complex of A. niger, UDP-N-acetylglucosamine of 
A. flavus, and APS kinase of P. chrysogenum complexes 
varied within specific ranges (1–10 bonds), which greatly 

Table 5  Interactions of pyrazoles 3a, 3g, 10b, and 12 with A.niger’s fdc1 (PDB: ID 4ZA5)



Page 11 of 21Abd-Elhalim et al. BMC Biotechnology           (2025) 25:15 

contributed to the stability of the complex structures 
(Fig. 8).

Biocompatibility of the most active pyrazole compound
The biocompatibility investigation of the most active pyr-
azole compound (3b) using HFB4 normal human skin 
cell line showing no significant changes in the different 
concentrations ranged between 31.25–1000 µg/ml (Fig. 9 
and Table 10).

Discussion
The continuous development of novel classes of fungicide 
active compounds with high efficacy, low toxicity, mini-
mal residue, and broad-spectrum biological activity is 
currently a top priority in research and development [1, 
3, 7, 29]. Pyrazole derivatives, target structures that have 
been developed in the interim, exhibit a broad spectrum 
of biological activities, such as antituberculosis, antibac-
terial, antifungal, and anti-inflammatory characteristics. 

Fig. 4  3D-binding of pyrazoles at the inhibitory site of A. niger’s fdc1 (PDB: ID 4ZA5). 3b (a, and b), 3g (c, and d), 10b (e, and f), 12 (g, and h), Fluconazole 
(i and j)
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Fig. 5  3D-binding of pyrazoles at the inhibitory site of A. flavus’s UDP-N-acetylglucosamine (PDB: ID 6G9V): 3b (a, and b), 12 (c, and d), Fluconazole (e 
and f)

 

Table 6  Interactions of pyrazoles 3a, 3g, 10b, and 12 with A. flavus’s UDP-N-acetylglucosamine (PDB:ID 6G9V)
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With IZDs of 20.5  mm and 18.3  mm against A. 
fumigatus and A. clavatus, respectively, the presence of 
3-methoxyphenyl and phenyl (45) at nitrogen atoms in 
the core ring offered greater antifungal activity [39]. In 
the study of [40], employed a series of triazole deriva-
tives, such as 1,2,3-benzotriazin-4-one ring, and found 
that most of the compounds had more potent antifun-
gal effects in vitro than fluconazole; compound 6, which 
exhibited good antifungal activities against A. fumigatus, 
A. niger, and A. flavus with a minimum inhibitory con-
centration of 250 μg/ml, was one such compound. On the 
other hand, fluconazole derivatives called Nitrotriazole 
did not exhibit any sensitivity to any Aspergillus species 
[41]. whereas pyrazole compounds 2–5, with MICs of 
750, 92, and 82  µg/ml, respectively, were more effective 
against A. niger.

They have attracted a lot of attention since they are an 
important class of compounds for the creation of medi-
cations. Numerous studies have verified the antifungal 
efficacy of pyrazole derivatives, according to [13, 30, 31]. 
The first broad-spectrum oral imidazole-based antifun-
gal medication was ketoconazole [32, 33]. The first oral 
triazole derivative with anti-Aspergillus qualities was 
itraconazole [34, 35]. For the prevention and treatment 
of superficial and invasive fungal infections, doctors fre-
quently prescribe fluconazole, another azole antifungal 
with two triazole rings [36]. Fluconazole is an excellent 
antifungal drug for control because of its distinct struc-
tural features, which also provide it a superior absorp-
tion rate than other azoles [37]. Voriconazole is another 
triazole antifungal that works well for treating invasive 
aspergillosis in the first line, especially against species 
that are fluconazole-resistant [38].

Table 7  Interactions of pyrazoles 3a, 3g, 10b, and 12 with P. chrysogenum’s Adenosine 5′-phosphosulfate kinase
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As with Penicillium marneffei, all of the synthetic pyr-
azole compounds by [42] demonstrated intense activ-
ity, with the exception of 2a–c, 6a, 8 and 9a. 10 and 11 
as well as 3a, 3c, were only moderately active against 
A. fumigatus, whereas 3a, 3d–f, 6b, 7, 9b–c, and 2e, 3 
were more active. Compounds 2e, 10 and 11 had the 
maximum activity against A. flavus, whereas compounds 
3b–c, 3e, 6b, and 9c showed the lowest activity. Using 
docking to evaluate the inhibitory interaction between a 
molecule and a Penicillin-binding protein [43], molecular 
docking was utilized to clarify the binding interactions 
of inhibitors with β-lactamase and FabH enzyme targets 
[44], and our in silico results provide strong evidence that 

compounds 3b and 12 are effective inhibitors of UDP-N-
acetylglucosamine in A. flavus. We also found that com-
pounds 3b, 3h, 10b, and 7 have a higher binding affinity 
for the APS kinase of P. chrysogenum. These findings 
align with [45] which identified and synthesized com-
pounds with potential as kinase inhibitors. Compound 
5d demonstrated 70.82% inhibition of topoisomerase 
IIα at 100 μM, with a maximum docking score of −8.24. 
According to ADME prediction results, the majority of 
these compounds had in silico drug-likeliness character-
istics that fell within the optimal range [46].

They also revealed that the ligand 5d of the parent ana-
logue, which contained a Br group at the m-substituted 

Fig. 6  3D-binding of pyrazoles at the inhibitory site of P. chrysogenum’s Adenosine 5′-phosphosulfate kinase (PDB: ID 1M7G). 3b (a, and b), 3h (c, and d), 
10b (e, and f), 7 (g, and h) Fluconazole (i and j)
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phenyl, exhibited hydrophobic interaction with resi-
dues Gly161, Gly166, Tyr165, Arg98, Ser149, Ile141, 
Ile125, Phe142, Val137, Asn95, and Asn91, in addition to 
H-bonding with these amino acid residues. With a dock-
ing score of −8.24 and a glide energy of −59.08 kcal mol−1, 
this ligand produced the best results. The other ligands 

have similar glide energies and moderate docking scores. 
In the docking investigations, the topoisomerase IIα was 
based on the X-ray crystal structure of the human topoi-
somerase IIα (1ZXM) ATPase domain. Because of their 
ability to prevent binding to the ATP Binding catalytic 
site of 1ZXM, the majority of the potential inhibitors that 

Fig. 7  Graph of oral bioavailability for pyrazole substances

 

Table 9  Prediction of pyrazole chemical toxicity risks and outcomes
No Pyrazole 

compounds
Toxicity risks Physicochemical properties
Mutagenic Tumorigenic Irritant Reproductive CLogP Solubility Mo-

lecular 
Weight

TPSA Drug 
likeness

Drug 
score

1 3b (−) (−) (−) (−) 3.84 −5.30 420.0 79.94 0.51 0.44
2 3g (−) (−) (−) (−) 2.78 −5.40 397.0 108.3 1.17 0.52
3 3h (−) (−) (−) (−) 3.39 −6.68 447.0 108.3 1.75 0.41
4 10b (+) (+) (−) (+) 6.18 −8.41 552.0 110.3 −4.51 0.02
5 12 (−) (−) (−) (−) 1.10 −3.63 385.0 79.59 7.4 0.64
6 7 (−) (−) (−) (−) 0.50 −3.90 327.0 82.74 1.47 0.72
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have been found fall into the category of catalytic inhibi-
tors. The majority of these substances possessed physio-
chemical characteristics that were within the ideal range, 
according to the results of ADME studies [47].

Compound 3b showed high safety with no IC50 dose 
was determined. In the same trend, the IC50 values, the 
majority of 5d, 5e, 5f, 5g, 6d, 6e, and 6g exhibited mod-
est cytotoxicity toward normal human embryonic kid-
ney cells and moderate to excellent cytotoxicity against 
cell lines representing breast, cervical, and lung cancer 
[47]. Analogs 5d, 5e, 5f, 5g, 6d, 6e, and 6g shown signif-
icant cytotoxicity in comparison to the reference drug, 
etoposide. To ascertain the effect of the substituents on 
the cytotoxic properties of the produced compounds, 

we subsequently conducted structure activity relation-
ship (SAR) studies. Compounds with a meta substituted 
Br group on the benzene ring showed the most cytotoxic 
activity, whereas compounds with substituents Br and 
NO2 on the benzene ring showed beneficial benefits. 
In malignant cell types, substances having a meta sub-
stituted electron-withdrawing group exhibit a deadly 
action sequence where Br > NO2. The cytotoxic strength 
of compounds exhibiting para substituted electron-
withdrawing in malignant cell lines is NO2 > Br > F > Cl. 
To sum up, for the malignant cell line, compounds hav-
ing an electron-donating substituent in the para position 
of the benzene ring show a cytotoxic strength order of 
OCH3 > CH3 [48].

Fig. 8  Dynamics simulations of A. niger’s fdc1 (PDB: 4ZA5), A. flavus’s UDP-N-acetylglucosamine, and P. chrysogenum’s APS kinase complexed with 10b 
and 3b: (A) RMSD, (B) RMSF, (C) SASA, (D) Rg, and (E and F) Intermolecular and intramolecular H bonds

 



Page 19 of 21Abd-Elhalim et al. BMC Biotechnology           (2025) 25:15 

Conclusions
The increasing microbial resistance to antibiotics has 
led to a need for innovative fungicides. The study inves-
tigated twenty pyrazole derivatives as antifungal agents, 
with pyrazole 3b being the most effective against A. niger 
and A. flavus. Pyrazole 3b showed 100% antifungal activ-
ity and 50% at doses of 250 μg/ml. The biocompatibility 
of the compounds was confirmed using HFB4 normal 
human skin cell line. The compounds displayed strong 
binding energies with key proteins in fungi, suggesting 
their potential to hinder enzyme activity and demon-
strate antifungal properties. These results lend credence 
to the chemicals’ potential for use in future research on 
medication development. It could be an alternative safe 
and biocompatible with no side effects like antifungal for-
mulas such as spray, emulsion, and cream which could be 
approved with extensive study. Future research should 

expand the pyrazole compounds library to identify more 
potent antifungal agents. Testing against a wider range 
of fungal pathogens, including those resistant to existing 
treatments, is crucial for clinical trials. In vivo studies, 
mechanistic studies, and formulation development are 
also essential. Long-term toxicity studies and combina-
tion therapies could help overcome resistance. Address-
ing these limitations and pursuing future research 
directions will help realize the potential of pyrazole 
derivatives as effective antifungal agents.
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Table 10  HFB4 normal human skin cell line viability affected by various concentrations of pyrazole 3b
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