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Bacterial resistance remains a persistent challenge to most antibiotics, 
urging the need to develop novel antibacterial agents. Styrylpyrazoline 
derivatives, previously reported to possess diverse bioactivities, were 
synthesized, and the antibacterial potential was studied. Styrypyrazolines 2a-
2b were tested on five bacterial strains, namely Gram-positive Staphylococcus 
aureus, Staphylococcus epidermidis, Bacillus subtilis, as well as Gram-negative 
Escherichia coli and Pseudomonas aeruginosa. The in vitro evaluation was 
performed using disk diffusion and microdilution methods. The results 
revealed that compounds 2a and 2b had the highest inhibitory activity toward 
S. aureus. Compound 2b showed significantly lower MIC50 values due to the 
phenyl substituent existence at the N-1 position of the pyrazoline ring. In 
contrast, both compounds were inactive against B. subtilis and S. epidermidis.
Molecular docking targeting DNA gyrase subunit B was performed to further 
investigate their antibacterial mechanism. It was revealed that the two 
compounds were found to interact with the receptor within the ATP-binding 
pocket. Similar to ciprofloxacin, compound 2a formed hydrogen bonds with 
the Asp81 residue, showing the potential as a DNA gyrase inhibitor. 
Compound 2b formed an aromatic-hydrogen bridge interaction with the 
Pro87 residue. This study suggests that styrypyrazolines 2a and 2b possess 
promising antibacterial activity. However, the potency is lower compared 
with the reference antibiotics. Further optimization is therefore necessary to 
enhance their potency as antibacterial agents. 
Keywords: pyrazolines, gyrB inhibitor, antibacterial, in silico 
 

 
INTRODUCTION 

The rise of antibiotic resistance in 
overcoming bacterial infections has become a 
significant global health concern. This resistance 
often arises due to the incorrect use and 
overconsumption of antibiotic agents (Uddin et al., 

2021), leading to the development of antimicrobial 
resistance (AMR), particularly bacterial AMR. In 
response to this challenge, medicinal chemistry 
studies have focused on exploring novel 
compounds with potent antibacterial activity (Ho 
et al., 2025).  
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This strategy is in accordance with one of the global 
action plans established through the World Health 
Organization (WHO), that is increasing study and 
development on new medicines, especially those 
targeting priority pathogens (World Health 
Organization, 2019). 

The discovery of therapeutic compounds 
through synthetic pathways offers the advantage of 
obtaining pure active substances. A group of 
compounds that have received substantial 
attention is nitrogen-containing heterocycles, 
owing to their structural diversity and wide-
ranging pharmacological properties (Marshall et 
al., 2024). Therefore, these compounds have 
become important targets for synthetic organic 
chemistry research over the years. Various classes 
of synthetic antibacterial agents have been 
explored, including quinolones, carbapenems, and 
azoles (Shi et al., 2023). In recent years, pyrazoles 
and pyrazolines have gained interest due to their 
versatile biological profiles (Varghese et al, 2017; 
Yadav et al., 2024). Among them, styrylpyrazolines 
represent a promising but underexplored subclass. 

Despite their notable biological activities and 
intriguing physicochemical characteristics, 
including tautomerism, isomerism, and 
conjugation extension, along with their rich 
chemistry related to the synthesis and 
transformation, these compounds have rarely been 
studied (Gomes et al., 2020). This makes them an 
attractive target for further investigation. 

Styrylpyrazoline derivatives have been 
shown in a few studies to possess antibacterial 
activity against a variety of bacterial species, 
including Escherichia coli, Staphylococcus aureus, 
and Pseudomonas aeruginosa (Gomes et al., 2020; 
Gressler et al., 2010). Structural modifications of 
pyrazolines at the N-1 position result in a wide 
variety of bioactivity alterations (Alex & Kumar, 
2014). Substitutions at N-1 with formyl and phenyl 
groups have been shown to improve antibacterial 
activity (Sid et al., 2016; Sharma et al., 2013).  

The target compounds in this study are 
styrylpyrazolines substituted at the N-1 position 
with formyl (compound 2a) and phenyl (compound 
2b) groups (Figure 1). The in vitro antibacterial 

 
 

Figure 1. Synthetic route of styrylpyrazolines 2a-2b. 
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activity was tested against selected bacterial 
strains. Compound 2a is rarely synthesized, and to 
date, the antibacterial activity has not been 
investigated against either Gram-positive or Gram-
negative bacteria. On the other hand, compound 2b 
has been previously synthesized in several studies, 
but reports of the antibacterial evaluation remain 
limited, as it has only been tested against 
Escherichia coli and Bacillus cereus using a diffusion 
method that offered qualitative insight (Sharma et. 
al., 2013).  Moreover, no data are available 
regarding the activity against other key pathogens 
such as Staphylococcus aureus, Staphylococcus 
epidermidis, Bacillus subtilis, and Pseudomonas 
aeruginosa. In this work, the antibacterial profiling 
of compounds 2a and 2b was expanded and 
conducted using a standardized microdilution 
method, allowing for a more quantitative 
assessment of antibacterial potency. 

Computational chemistry is a crucial part of 
drug discovery, along with its development, 
supplementing experimental results. Molecular 
docking is a common method for predicting the 
correct orientation and conformation of a drug 
molecule when bound to its target receptor, 
offering insight into the stability and the formed 
drug-receptor complex interaction (Torres et al., 
2019). In this analysis, molecular docking was 
performed to evaluate styrylpyrazoline derivatives 
interaction with bacterial DNA gyrase. This 
enzyme, a type II topoisomerase, serves an 
important function in bacterial DNA replication, 
transcription, as well as recombination processes, 
making it a promising target for antibacterial drug 
development (Adeniji et al., 2020). Furthermore, no 
earlier research has examined the antibacterial 
properties of the target styrylpyrazoline 
derivatives against DNA gyrase through molecular 
docking. This work addresses this gap by offering 
both experimental and computational insights into 
the antibacterial properties of the target 
compounds. Such molecular-level information may 
be valuable for subsequent optimization and 
development, particularly as computational 
approaches are increasingly being integrated into 
formulation and drug delivery research (Casalini, 
2021; Cvijic et al., 2018). 
 
MATERIALS AND METHODS 
Synthesis 
 Chemicals and solvents were obtained 
from Sigma-Aldrich, including benzaldehyde, 
acetone, hydrazine hydrate, phenylhydrazine, 
glacial acetic acid, formic acid, ethanol, sodium 

hydroxide, hydrochloric acid, dichloromethane, 
ethyl acetate, n-hexane, methanol, and dimethyl 
sulfoxide (DMSO). The progress of synthesis 
reactions was assessed using thin-layer 
chromatography (TLC), carried out on silica gel 60 
F254 precoated aluminum plates from Merck. UV 
light (λ 254 and 366 nm) to observe the TLC result 
was obtained from the CAMAG UV Cabinet 4. 
Furthermore, densitometry analysis was 
performed in CAMAG TLC Scanner 4. Column 
chromatography was employed using silica gel 
from Merck. Solvent evaporation was then 
conducted using Dibby Specific Stuart RE300 
Rotary Evaporator with Stuart RE300DB digital 
water bath and B-ONE SHB-III water circulating 
vacuum pump. Melting points were determined 
using the Falc Cooling Melting Point Instrument 
MPD-03. Mass Spectrometry (ESI) was performed 
on a Sciex Triple Quadrapole 4500. Finally, FTIR 
Spectrometry was performed on Shimadzu 
Prestige-21 using KBr discs, and GC-MS was 
conducted using Shimadzu QP2010S (EI). 
 
Synthesis of dibenzalacetone (1) 
 Dibenzalacetone (1) was prepared based 
on the literature with some modifications (Suma et 
al., 2019). Benzaldehyde (10 mmol, 1.02 mL) was 
dissolved in 10 mL of absolute ethanol and stirred 
for 5 min. Acetone (5 mmol, 0.23 mL) was 
introduced and the mixture was stirred for 15 min 
at 1-4 °C. Subsequently, a mixture of 10 mL of 20% 
(w/v) sodium hydroxide solution in water along 
with 5 mL of absolute ethanol was introduced 
dropwise at room temperature. The mixture was 
stirred for 60 min and monitored by TLC using 
dichloromethane:n-hexane (3:2). Furthermore, 
hydrochloric acid 10% (v/v) was introduced to the 
reaction until pH 6. The crude product was 
collected through filtration of the reaction mixture. 
It was then washed with cold water and dried. 
Recrystallization with ethanol:water 2:1 was done 
to obtain compound 1. FTIR spectrum (KBr), νmax 
(cm-1): 3052 (Csp2-H str.), 1651 (C=O str.), 1626 
(alkene C=C str.), 1590 and 1495 (aromatic C=C 
str.), 983 (trans alkene Csp2-H oop bend), 762 and 
695 (aromatic monosubs. Csp2-H oop bend). Mass 
spectrum (EI), m/z: 234.2 (M+). 
 
Synthesis of 1-formyl-5-phenyl-3-styryl-2-
pyrazoline (2a) and 1,5-diphenyl-3-styryl-2-
pyrazoline (2b) 
 Styrylpirazolines 2a and 2b were 
synthesized according to the literature with some 
modifications (Suma & Wahyuningsih, 2023). 
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Dibenzalacetone (1) (2 mmol, 0.469 g) was 
dissolved in 5 mL formic acid, and then 2 mL 
hydrazine hydrate was added. The reaction was 
performed in a reflux system for 4 h, assessed by 
TLC with chloroform. The reaction mixture was 
maintained at 4 °C overnight. The product was          
then purified by filtration, rinsed with methanol, 
and dried to yield compound 2a. FTIR spectrum 
(KBr), νmax (cm-1): 3109 (Csp2-H str.), 2916 (C-H 
str.), 2800 and 2708 (aldehyde Csp2-H str.), 1651 
(C=N str.), 1635 (alkene C=C str.), 1620 (C=O str.), 
1604 and 1481 (aromatic C=C str.), 1226 (C-N str.), 
1450 (-CH2- bend). Mass spectrum (EI), m/z:               
234.2 (M+, 20%), 233.1 (40), 131.1 (100), 103.1 
(60), 91.1 (20). Mass spectrum (ESI), m/z: 277 
(M+H)+. 
 Dibenzalacetone (1) (2 mmol, 0.469 g) was 
dissolved in 5 mL glacial acetic acid, then 0.2 mL 
phenylhydrazine was introduced. For 4 h, the 
reaction was carried out in a reflux system under 
TLC monitoring with a 1:1 dichloromethane:n-
hexane ratio. Then, it was transferred onto crushed 
ice and stored at 4 °C overnight. The product was 
filtered, rinsed with cold water, and dried. 
Subsequently, column chromatography was 
performed with an eluent gradient of n-hexane and 
dichloromethane, followed by evaporation to 
obtain compound 2b. FTIR spectrum (KBr), νmax 
(cm-1): 3024 (Csp2-H str.), 2924 (C-H str.), 1651 
(C=N str.), 1620 (alkene C=C str.), 1597 and 1496 
(aromatic C=C str.), 1450 (-CH2- bend), 1327 (C-N 
str.), 948 (trans alkene Csp2-H oop bend), 748 and 
694 (aromatic monosubs. Csp2-H oop bend). Mass 
spectrum (EI), m/z: 234.2 (M+, 20%), 233.1 (40), 
131.1 (100), 103.1 (60), 91.1 (20). Mass spectrum 
(ESI), m/z: 325 (M+H)+. 
 
In vitro evaluation 

Bacterial strains of S. aureus, S. epidermidis, 
B. Subtilis, E. coli, and P. aeruginosa were acquired 
from the collection of the Laboratory of 
Microbiology, Biology Department, Universitas 
Negeri Malang. The bacterial inoculum used for the 
in vitro test was from a stock culture grown in a 
tube containing Nutrient Agar (NA) medium. Each 
bacterial inoculum was then subcultured onto a 
petri dish containing 20 mL of NA medium and 
incubated at 37°C for 16-18 h. After incubation, a 
single colony from each bacterial culture was 
collected with an inoculation loop and moved into 
10 mL of Nutrient Broth (NB) medium in a tube. 
The bacterial cultures were then incubated at 37 °C 
for 16-18 h. Afterwards, 2 mL of each bacterial 
culture was sampled and its optical density (OD) at 

600 nm was determined. The bacterial cultures 

were then diluted using NB medium until they 
reached a concentration equivalent to 0.5 

McFarland standard (OD600 = 0.08-0.1), indicating 
that the bacterial population was in the log phase of 
growth. 

Disk diffusion, along with microdilution 
techniques, was used for the in vitro antibacterial 
assessment. The 20 mL of NA medium was 
formulated and added to Petri dishes for the disk 
diffusion procedure. To guarantee even 
distribution, the bacterial suspension was 
uniformly spread onto the solidified agar surface 
utilizing a sterile cotton swab. Paper disks 
containing 10 μL of the test sample (1000 μg/mL in 
DMSO 1%) were placed onto the inoculated agar 
surface. Then, it was incubated in an upside-down 
position at 37 °C for 18-24 h. To evaluate the 
antibacterial activity, the inhibition zones were 
identified. This method was performed for 
compounds 2a-b and ciprofloxacin as a positive 
control against all five bacterial strains. A solution 
of DMSO 1% was used as a negative control. 

Compounds 2a-b were also evaluated using 
the microdilution technique according to the 
Clinical and Laboratory Standards Institute (CLSI) 
standard (CLSI, 2023) against four bacterial 
strains, namely S. aureus, S. epidermidis, E. coli, as 
well as P. aeruginosa. Both compounds were 
prepared in the concentration range of 3.2-819.2 
μg/mL in DMSO 1%. Ciprofloxacin, used as the 
reference antibiotic, was tested at concentrations 
varying from 0.025 to 0.4 μg/mL in DMSO 1%. Into 
each well of 96-microplates was inserted 270 μL of 
bacterial suspension that had been diluted with 
Muller Hinton Broth (MHB) and 30 μL of the tested 
compound. Incubation was conducted at 37 °C for 
24 hours.  Growth control and solvent control were 
run in parallel with every test. A microplate reader 
was used to analyze the microplate and measure 
the absorbance at 600 nm wavelength. The 
inhibition percentage was determined utilizing the 
formula (Haney et al., 2021). 
 

%𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛

= (1 −  
𝐴𝑏𝑠 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑠 𝑆𝐶

𝐴𝑏𝑠 𝐺𝐶 − 𝐴𝑏𝑠 𝑆𝐶 
 ) 𝑥 100% 

 

where SC = sterile control and GC = growth control. 
The minimum concentration at which bacterial 
growth was inhibited by 50% (MIC50) was 
determined using SPSS version 26.  

The microdilution method was performed  
in triplicate (n = 3), and MIC50 values were 
reported   as  the  mean  ± standard  deviation (SD).  
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The MIC50 data obtained were analyzed using one-
way ANOVA (analysis of variance), with Tukey’s 
post hoc test applied (p < 0.01 or p < 0.05). 
 
Molecular docking 

Docking protocols were developed with 
MOE v2022 (MOE, 2022) to predict the inhibitory 
activity of compounds 2a and 2b toward DNA 
gyrase. The 3D structure used in this docking was 
the ATP-binding site crystal structure in S. aureus 
DNA gyrase subunit B (GyrB) with PDB ID 5D6Q 
(Zhang et al., 2015). The native ligand was 1-ethyl-
3-{4-[(E)-2-(pyridin-3-yl)ethenyl]-5-(1H-pyrrol-2-
yl)-1,3-thiazol-2-yl}urea (57V). The protein 
structure was protonated, and the charge was 
assigned using the AMBER force field. Compounds 
2a and 2b were built, and the potential energy 
function was calculated using MOPAC with PM3 as 
the parameter. Ciprofloxacin was prepared as well 
as a control positive in the docking. Redocking was 
performed to validate the docking protocol, and 
RMSD values were evaluated. The validated 
docking protocol was used to dock and evaluate the 
interaction of compounds 2a and 2b to the ATP 
domain of GyrB. 

 
RESULTS AND DISCUSSION 
Synthesis 

Pyrazoline compounds can be synthesized 
through various types of reactions using different 
reactants. One of the most common strategies 
involves the reaction between α,β-unsaturated 
carbonyl compounds and hydrazine through a 
cyclocondensation reaction (Gomes et al., 2020). 
Hydrazine is frequently utilized as a reactant 
because it directly contributes its two nitrogen 
atoms to form the 2-pyrazoline ring structure 
(Vahedpour et al., 2021). Among the potential 
sources of α,β-unsaturated carbonyl compounds 
suitable for the synthesis of styrylpyrazolines is 
dibenzalacetone.  

Dibenzalacetone can be prepared via an 
aldol condensation reaction between 
benzaldehyde and acetone with a basic catalyst to 
produce β-hydroxy carbonyl, which then can easily 
undergo dehydration to produce dibenzalacetone 
(compound 1) (Figure 1). The synthesized 
dibenzalacetone was obtained with a yield of 
84.44%. The solubility test showed that this 
compound is easily dissolved in dichloromethane 
(DCM), ethanol, and methanol, but it is insoluble in 
water (Table I). TLC analysis with 
dichloromethane:n-hexane 3:2 as eluent showed 
that compound 1 can be observed under UV light 
(254 and 366 nm) with the Rf value of 0.5 and it 
appeared in a single spot (Supplementary Figure 
S1). This suggests that compound 1 was obtained in 
a qualitatively pure product. GC-MS (EI) analysis 
was performed to complement this finding. The 
chromatogram of GC-MS showed a peak with an 
area of 94.84% at the retention time of 38.95 min 
(Supplementary Figure S2). The mass spectrum of 
this peak showed a molecular ion (M+) at m/z 
234.2, corresponding to the molecular weight of 
compound 1 (234 g/mol) (Supplementary               
Figure S3). Compound 1 has a melting point of 104-
105 °C and a boiling point of 280-286 °C. This 
melting point value suggests that this compound is 
in the trans, trans isomer (Houshia et al., 2019). 
FTIR analysis was conducted to further elucidate 
its structure. The FTIR spectrum showed that           
there is no C-H aldehyde absorption, proving                
that benzaldehyde, as the reactant, was no longer 
present. The C-H sp3 absorption was also not 
observed, proving that acetone, as the reactant,  
was no longer present as well. The formation                     
of compound 1 was shown by the absorption                     
of C=C stretching at 1626 cm-1. The presence                     
of C-H sp2 trans alkene absorption at 983                           
cm-1 further proved that compound 1 was           
obtained in the trans isomer (Supplementary 
Figure S4). 

Table I. Physicochemical properties of synthesized compounds 
 

Compound 
Molecular 

Weight 
Appearance Solubility 

Melting 
Point (°C) 

Rf Value 

1 234 Yellow solid 
Soluble in DCM, ethanol, and 

methanol. Insoluble in 
water. 

104-105 
0.50 (DCM:hex 3:2) 
0.95 (EtOAc:hex 2:1) 
0.30 (DCM:hex 1:1) 

2a 276 White solid 
Slightly soluble in DMSO and 

water. 152-154 0.05 (EtOAc:hex 2:1) 

2b 324 
Light green 

solid 
Soluble in DCM and acetone. 

Insoluble in water. 
150-152  0.70 (DCM:hex 1:1) 
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Styrylpyrazoline 2a was synthesized via 
cyclocondensation reaction from dibenzalacetone 
as the source of α,β-unsaturated carbonyl 
compounds and hydrazine hydrate with formic 
acid. Compound 2a was obtained with a yield of 
89.13%. The solubility test showed that this 
compound is only slightly soluble in dimethyl 
sulfoxide (DMSO) and water. TLC analysis of 
compound 2a and 1 with ethyl acetate:n-hexane 2:1 
as eluent showed that compound 2a can be 
observed under UV light (254 and 366 nm) with the 
Rf value of 0.05, and it appeared in a single spot. 
While compound 1 in this eluent appeared in Rf 
value of 0.95 (Supplementary Figure S5). This 
suggests that compound 2a was obtained in a 
qualitatively pure product. Compound 2a has a 
melting point of 152-154 °C (cf. Nassan et al., 2022, 
120-122 °C) and a boiling point of over 240 °C. The 
higher melting point observed in this study may 
indicate different purity or different crystallization 
behaviour of the synthesized product. To further 
confirm the structure, mass spectrometric analysis 
was performed. However, due to the high boiling 
point value and thus low volatility of compound 2a, 
GC-MS (EI) analysis was not feasible. Instead, ESI-
MS using a direct inlet was employed. The mass 
spectrum showed the (M+H)+ peak at m/z 277, 
corresponding to the molecular weight of 
compound 2a (276 g/mol). This is consistent with 
the ESI-MS data reported by Singh et al. (2009). The 
FTIR spectrum showed no N-H stretching 
absorption, proving that hydrazine hydrate, as the 
reactant, is no longer present. The appearance of C-
H sp3 stretch at 2916.37 cm-1, C-H aldehyde at 2800 
and 2708 cm-1, C=N stretch at 1651 cm-1, C-N 
stretch at 1226 cm-1, and CH2 bend at 1450 cm-1 
proved the formation of styrylpyrazoline 2a 
(Supplementary Figure S6). The FTIR data are also 
similar to those reported by Singh et al. (2009).  

Styrylpyrazoline 2b was also synthesized 
using the same method. The difference is the use of 
phenylhydrazine as the reactant. Compound 2b 
was obtained with a yield of 66.27%. The solubility 
test showed that this compound was easily 
dissolved in dichloromethane and acetone but was 
insoluble in water. TLC analysis of compound 2b 
and 1 with dichloromethane:n-hexane 1:1 as eluent 
showed that compound 2b can be observed under 
UV light (254 and 366 nm) with the Rf value of 0.7 
and it appeared in a single spot. While compound 1 
in this eluent appeared at 0.3 (Supplementary 
Figure S7). This suggests that 2b was obtained in a 
qualitatively pure product. Compound 2b has a 
melting point of 150-152 °C, which is similar to the 

previously reported value (cf. Riham et al., 2020, 
150-151 °C). This compound decomposed at over 
210 °C. Thus, it was unable to be analyzed using GC-
MS. Analysis using ESI-MS showed the presence of 
(M+H)+ peak at m/z 325, which corresponded to 
the molecular weight of compound 2b (324 g/mol). 
The FTIR spectrum showed no C=O carbonyl 
stretch and no N-H stretch absorption, proving that 
both dibenzalacetone and phenylhydrazine, as the 
reactants, were no longer present. The appearance 
of C-H sp3 stretch at 2924 cm-1, C=N stretch at 1651 
cm-1, C-N stretch at 1327 cm-1, and CH2 bend at 
1450 cm-1 proved the formation of styrylpyrazoline 
2b (Supplementary Figure S8). The FTIR data are in 
agreement with the reported value by Sharma et al. 
(2013). 
 
In vitro antibacterial evaluation 

The synthesized styrylpyrazolines, 2a and 
2b, were examined for their in vitro antibacterial 
activity by disk diffusion and microdilution 
methods. The first method was commonly used for 
initial screening purposes (Balouiri et al., 2016). 
The inhibition activity for both compounds was 
screened against five bacterial strains: S. aureus, S. 
epidermidis, B. subtilis, E. coli, and P. aeruginosa. The 
antibiotic ciprofloxacin was used as the standard 
antibiotic drug for positive control. Ciprofloxacin, a 
member of the quinolone class, was selected for its 
broad antibacterial spectrum and its mechanism of 
action that targets bacterial DNA gyrase (Hooper & 
Jacoby, 2016). It showed that ciprofloxacin 
exhibited the largest inhibition zones against all 
tested bacteria, confirming its broad-spectrum 
activity (Table IIA). The lack of inhibition by DMSO 
1% confirmed that the solvent did not interfere 
with the antibacterial activity. Both compounds 2a 
and 2b showed inhibition zones ranging from 6 to 
9 mm against four bacteria: S. aureus, S. epidermidis, 
E. coli, and P. aeruginosa. Based on the inhibition 
zones, the inhibition activity can be categorized as 
weak (<5 mm), moderate (5-10 mm), and strong 
(>10 mm) (Suma et al., 2017), thus the activity of 2a 
and 2b can be categorized as moderate. However, 
they are inactive against B. subtilis. Therefore, only 
four bacterial strains were selected for further 
testing using the microdilution method to obtain a 
more precise quantitative measure of antibacterial 
potency. 

The result for in vitro evaluation using the 
microdilution (Table IIB). The higher antibacterial 
activity of a compound was indicated by the low 
MIC50 value.  
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The evaluation against two Gram-positive bacteria 
showed that both compounds 2a-b have 
significantly (p < 0.01) higher growth inhibition 
activity against S. aureus compared to their activity 
against S. epidermidis, as    indicated    by      their     
lower     MIC50    values. This may be caused by the 
thickness differences in the peptidoglycan layer 
within the bacterial cell wall. Both S. aureus and S. 
epidermidis are Gram-positive bacteria with a thick 
peptidoglycan layer, however the thickness of 
peptidoglycan in S. epidermidis was reported to be 
twice that of S. aureus (Sharif et al., 2009; Sanyal & 
Greenwood, 1993). Thus, it might reduce the 
penetration of compounds 2a-b and lead to lower 
susceptibility of S. epidermidis. Compound 2b, 
bearing a phenyl group on the N-1 position of the 
pyrazoline ring, demonstrated stronger  activity 
against S. aureus compared to 2a with a more polar 
formyl group. While Gram-positive bacteria 
typically allow easier penetration of hydrophilic 
molecules (Tavares et al., 2020), the higher activity 
of 2b may be due to the aromatic phenyl ring that 
can enhance interactions with hydrophobic regions 
of intracellular targets, such as DNA gyrase (Bakker 
et al., 2024). The evaluation against two Gram-
negative bacteria E. coli and P. aeruginosa showed 
that both compounds 2a and 2b have significantly 
(p < 0.01) lower growth inhibition activity 
compared  to  that  against  Gram-positive S. aureus. 
This reduced activity is consistent with the 
differences in the structure of the cell envelope, 
where Gram-negative bacteria possess an outer 
membrane that serves as a barrier to many 
antibiotics (Maher & Hassan, 2023).  

The categorization of antibacterial potency 
based     on     MIC50    values    is    not      universally  
standardized, however several studies have 
proposed threshold ranges based on MIC values to 
categorize the activity levels. For instance, MIC 
values <100 μg/mL are generally considered as 
strong, 100-625 μg/mL as moderate, 625-1000 
μg/mL as weak, and >1000 μg/mL as inactive 
(Wamba et al., 2018; dos Santos et al., 2023). 
Therefore, MIC50 values on compounds 2a and             
2b against S. aureus (<100 μg/mL) may be 
interpreted as strong activity, while MIC50  values 
in the range of 100-1000 μg/mL, such as those                  
of compound 2a and 2b against E. coli and 
compound 2b against P. aeruginosa, suggest 
moderate activity. 

These results showed that both 
styrylpyrazolines 2a and 2b exhibited antibacterial 
activity against certain bacterial strains. The most 
notable activity was observed against S. aureus. 
Although their potency is significantly lower 
compared to the standard antibiotic ciprofloxacin, 
the     results      support    their    potential   as    lead 
compounds for further structural modification 
toward antibacterial agents, particularly those 
targeting Gram-positive S. aureus. 
 
Molecular Docking Study 

Since the strongest antibacterial activity was 
found against S. aureus, molecular docking of 
styrylpyrazolines 2a-2b was performed on its DNA 
gyrase subunit B (GyrB) to predict their interaction. 
The protein used in this study was the ATP domain 
of GyrB. ATP is essential for the activation of GyrB.  

Table II. In vitro antibacterial activity evaluation 
 

A. Disk Diffusion Method 
Compounds 

(1000 μg/mL) 
Inhibition zones (mm) 

S. aureus S. epidermidis B. subtilis E. coli P. aeruginosa 
2a 9 7 - 7 7 
2b 9 - - 7 7 

Ciprofloxacin 30 31 31 41 33 
DMSO 1% - - - - - 

B. Microdilution Method 

Compounds 
MIC50* (μg/mL) 

S. aureus S. epidermidis B. subtilis E. coli P. aeruginosa 
2a 95.78 ± 3.94a,1 >1000 n.d. 613.62 ± 18.38b,1 >1000 
2b 71.64 ± 2.31a,2 >1000 n.d. 676.77 ± 27.45b,2 568.99 ± 9.51c,1 

Ciprofloxacin 0.014 ± 0.001a,3 0.243 ± 0.005a n.d. 0.083 ± 0.005a,3 0.008 ± 0.001b,2 
 

*Different superscript letters within the same row represent statistically significant differences (p < 0.01) based on 
one-way ANOVA with Tukey’s post hoc test applied. Different superscript numbers within the same column represent 
statistically significant differences (p < 0.05). “n.d.” = not determined. 
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It induces conformational changes necessary for 
converting the clamp-like structure from an open 
form to a closed state capable of holding a DNA 
molecule and transferring it to the holoprotein 
structure (Gupta, 2021). The reliability of the 
docking protocol was confirmed through a 
redocking validation step, in which the co-
crystallized ligand (compound 57V) was redocked 
into the active site of the receptor. The resulting 
root-mean-square deviation (RMSD) value of 
redocking was 0.3110 Å. This value was less than 2 

Å, so it was considered as accurately                    
reproduced ligand positioning and indicated                    
that the docking protocol was valid for             
performing further molecular docking analysis 
(Khachatryan et al., 2024). The binding affinity 
prediction (△G) for the redocked ligand was -
9.6997 kcal/mol, further supporting the reliability 
of the docking setup. The 3D visualization               
(Figure 2) also confirmed that the co-crystallized 
57V and 57V from redocking results were well 
aligned. 

 
 
Figure 2. Alignment between co-crystallized 57V (green) and 57V from redocking result (red)  
 

 
 
Figure 3. Three-dimensional visualization of the compounds–amino acid residues interaction in the binding 
site and the molecular docking results. (A) Superimposed binding interaction of compound 2a (orange), 
compound 2b (yellow), and ciprofloxacin (magenta), (B) binding interaction of compound 2a, (C) binding 
interaction of compound 2b, and (D) binding interaction of ciprofloxacin 
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From the molecular docking analysis, 
binding affinity prediction can be estimated 
through docking results (Pantsar & Poso, 2018). 
The molecular docking result presented in Figure 3 
indicated that compounds 2a and 2b exhibit 
sufficient stability in binding to the target site, with 
binding affinity values of -9.3779 and -9.3931 
kcal/mol, respectively. Compared to ciprofloxacin, 
the docking scores for compounds 2a and 2b were 
lower. Ciprofloxacin demonstrated strong 
inhibition across all tested bacteria, suggesting that 
the docking results correspond to the in vitro 
findings. Despite having lower activities, 
compounds 2a and 2b may still exhibit antibacterial 
properties by inhibiting GyrB. Figure 3 also depicts 
the docking poses of ciprofloxacin, compound 2a, 
and compound 2b. All compounds occupied the 
hinge region at the ATP binding site, located deep 

within the pocket. GyrB, a subtype of gyrase, 
possesses ATPase activity, providing the energy 
required for DNA cleavage.  

Consequently, compounds 2a and 2b may 
block the ATP binding to GyrB, like ciprofloxacin, 
thereby inhibiting DNA replication. Figure 4 shows 
the 2D visualization and lists the amino acid 
residues involved in ATP binding, as well as the 
interactions of compounds with these residues. 
Similar to native ligand and ciprofloxacin, 
compound 2a interacts with the Asp81 residue 
through hydrogen bonding and two additional 
interactions with Thr173 and Gly85 residues due to 
the presence of a formyl group in the N-1 position 
of the pyrazoline ring. Compound 2b, which bears 
three aromatic rings, formed aromatic-hydrogen 
bridging with the Pro87 residue on the phenyl 
group in the N-1 position of the pyrazoline rings. 

 
Compounds Amino acid residues in the binding site Interaction type 
2a Ile51, Asn54, Ser55, Glu58, Val79, Thr80, Asp81, Arg84, 

Gly85, Pro87, Ile88, Ile102, Arg144, Val174, Ile175, 
Thr173 

H bond with Asp81, Thr173, Gly85 
2b Aromatic-H bond with Pro87 
Ciprofloxacin H Bond with Asn54, Asp81, 
57V aromatic-H bond with Asn54 

 
Figure 4. Two-dimensional visualization and a list of interactions between compounds with the amino acid 
residues in the binding site. (A) compound 2a, (B) compound 2b, (C) ciprofloxacin, and (D) 57V 
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This aromatic-hydrogen bridging was also present 
in ciprofloxacin. These results confirmed that both 
compounds 2a and 2b were able to interact with 
some of the key residues in the ATP-binding pocket, 
and the presence of a functional group in the N-1 
position of the pyrazoline ring serves as a crucial 
factor in influencing their binding interactions and 
stability within the active site. 

Although the styrylpyrazoline derivatives 
investigated in this study showed antibacterial 
activity and were able to interact with DNA gyrase 
subunit B, their lower potency relative to 
ciprofloxacin and their weaker activity against 
Gram-negative bacteria indicate that further 
optimization is still needed. In this regard, 
structural modification remains an important 
strategy for improving the antibacterial potency of 
these compounds. In addition, drug delivery 
systems may also be considered in future studies as 
a complementary approach to support the 
therapeutic performance of promising 
styrylpyrazoline-based antibacterial agents 
(Pelgrift & Friedman, 2013). 

 
CONCLUSION 

The findings of this study indicate that N-1 
substitution plays an important role in determining 
the antibacterial activity of styrylpyrazoline 
derivatives. The stronger activity of compound 2b 
against S. aureus, together with the observed 
interactions of both compounds with key residues 
in the ATP-binding pocket of DNA gyrase subunit B, 
supports the relevance of the styrylpyrazoline 
scaffold as a potential antibacterial lead. 
Nevertheless, the lower potency relative to 
ciprofloxacin suggests that further optimization is 
still required to improve its antibacterial 
performance. 
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