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ABSTRACT

Chalcone-based pyrazoline compounds are known for their potential antibacterial properties.
Previous studies have reported their synthesis via one- or two-step reflux procedures. This study
aimed to synthesize and evaluates the antimicrobial and cytotoxic activities of chalcone-based
pyrazoline compound. A pyrazoline compound, 4-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)-
N,N-dimethylaniline (PPA), was synthesized through the formation of 4-dimethylamino chalcone
(DAC) using a Claisen—Schmidt condensation, followed by cyclization of its a,f-unsaturated
carbon system into a pyrazoline ring. Ultrasonic irradiation was used to assist the reaction,
employing both one-pot and two-pot synthesis methods. The resulting compounds were evaluated
for yield, structural characteristics, antimicrobial activity, and cytotoxicity. Antibacterial activity
. . . was assessed through in silico molecular docking and in vitro minimum inhibitory concentration
Copyright: © 2025 Mulatsari et al. This is an open- ;)¢ tests. Cytotoxicity was evaluated using the Brine Shrimp Lethality Test (BSLT). Both
écr(éiisveanlc(;l:mg:zt;;bui(tjtrigﬂctji%rn thiict:':gzs O\I/h?;ﬁ synthesis methods successfully produced PPA, but TLC analysis revealed that the two-pot method
e e T ' ; yielded a purer product with a higher yield (99%). The antimicrobial activity evaluation showed
permits unrestricted use, distribution, and reproduction . L . L -
in any medium, provided the original author and that_ both DAC_an_d PPA exhibited weak antimicrobial activity, W!th MIC valyes of E_'>000 pg/mL
source are credited. against Escherichia coli, Staphylococcus aureus, Salmonella typhi, and Candida albicans. In the
cytotoxicity assay, PPA exhibited significantly lower toxicity (LCso = 81.27 pg/mL) than DAC
(LCso = 0.0042 pg/mL). These findings suggest that conversion of the o,-unsaturated system to
a pyrazoline ring structure reduces the compound’s cytotoxicity.
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Introduction Numerous chalcone derivatives have demonstrated diverse biological

activities. For example, halogenated and methylated chalcones have

Drug development through the structural modification of
natural compounds or secondary metabolites has progressed rapidly in
recent years.'® One of the most commonly modified scaffolds is
chalcone. Chalcone, or 1,3-diphenyl-2E-propen-1-one, is a compound
characterized by a benzylidene acetophenone core, consisting of two
aromatic rings connected by an a,B-unsaturated carbonyl system. This
structure makes chalcones valuable intermediates for the synthesis of
flavones and flavanones, which are known for their wide range of
biological activities.*® Chalcones can be synthesized via several
methods, including the Suzuki coupling, Fries rearrangement, and
Friedel-Crafts acylation. However, the Claisen—Schmidt condensation
is the most widely used, involving the reaction of acetophenone or its
derivatives with benzaldehyde derivatives in the presence of strong base
catalysts (e.g., NaOH, KOH, Ba(OH)., or LiOH-2H:0), or acid
catalysts such as AICls, BFs—Et20, TiCls, or RuCls.®
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shown anti-obesity effects,” coumarin-chalcones possess antidiabetic
properties,® and triazole-linked chalcones have exhibited anticancer
potential,® Other modifications, such as piperidine substitution, enhance
antioxidant activity,'® while chlorination increases antibacterial
potency. Electron-withdrawing groups tend to enhance antibacterial
activity, while electron-donating groups (e.g., p-CHs, OCHs) reduce it.
Moreover, the position of substitution on the aromatic ring significantly
affects biological activity. For example, antibacterial activity follows
the trend 2,4-Cl> > p-Cl > m-Cl > o-CL.1

The global rise in bacterial and fungal infections has led to growing
concerns regarding antimicrobial resistance, which contributes to
treatment failure, increased mortality, and higher healthcare costs.!?13
Developing novel antibacterial agents is therefore critical. One strategy
is to modify existing bioactive structures to improve their efficacy.!4°
Fluorinated chalcones, for instance, have shown enhanced activity
against  Staphylococcus  epidermidis, Escherichia coli, and
Pseudomonas aeruginosa.'® Chlorinated chalcone has been reported to
enhance antibacterial activity against Staphylococcus aureus.!
Modification with the addition of halogens, besides increasing the
antibacterial effectiveness, also increases the toxicity of the
compound.!” Recent studies have focused on more complex chalcone
derivatives, including those fused with ferrocene, steroids, pyrazoline,
or thiazolidine structures. Among these, pyrazoline-based chalcones
have shown promising antibacterial properties. Traditionally, the
synthesis of pyrazoline chalcones has been conducted via two-step
reflux methods, often requiring long reaction times and varying
conditions. Optimizing these reactions is essential to improving
efficiency and yield.'®22 The use of ultrasonic waves for synthesis has
been widely used in previous research and is able to accelerate the
synthesis process of curcumin and curcumin analogues.??*

In the development of pyrazole compounds, ultrasonication has been
applied to the synthesis of N-[[3-(4-bromophenyl)-1H-pyrazol-5-
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yl]carbamothioyl]-4-chloro-benzamide,? ethyl 1-(2,4-dichlorophenyl)-
1H-pyrazole-3-carboxylates?®® and various other pyrazole derivatives
able to accelerate reactions within 10-20 minutes.?>?” Exposure to
ultrasonic waves through a medium will produce vibrations. The
propagation medium with liquid is known as an ultrasonic bath.
Vibrations will provide intensive stirring to the reaction process. This
is what causes synthesis with exposure to ultrasonic waves with the
right frequency to be accelerated.

In this study, the synthesis of pyrazoline derivatives based on chalcone
structures using both one-pot and two-pot methods under ultrasonic
irradiation was investigated. The conversion of the a,f-unsaturated
carbon system of 4-dimethylamino chalcone (DAC) to a pyrazoline ring
is expected to enhance antibacterial activity while reducing polarity,
thereby improving cell membrane permeability. The use of ultrasonic
waves is also intended to accelerate reaction rates and improve yield.
Previous research has shown that ultrasonication significantly reduces
reaction time in the synthesis of curcumin analogue and various
pyrazole derivatives. Identification and characterisation of the resulting
compound was done. Antimicrobial activity test was performed in silico
using molecular docking tool to determine the mechanism of bacterial
inhibition, and in vitro to determine the Minimum Inhibitory
Concentration (MIC) in Gram-positive and Gram-negative bacteria.
The Cytotoxicity test was carried out using Brine Shrimp Lethal Test
(BSLT).

Materials and Methods

Chemicals

The reagents wused in this study included acetophenone,
phenylhydrazine, ethanol, 4-dimethylaminobenzaldehyde,
hydrochloric acid, n-hexane, ethyl acetate, DMSO, TLC plates, and
distilled water. All chemicals were of pro analysis (PA) grade and used
without further purification.

Synthesis of compounds

One pot synthesis of PPA

The one-pot synthesis of PPA was initiated by adding 4-
dimethylaminobenzaldehyde to a glass beaker containing acetophenone
in 10 mL of ethanol and 3 mL of 50% NaOH. The mixture was
homogenized using ultrasonic irradiation until the formation of 4-
dimethylamino chalcone (DAC) was observed. Phenyl hydrazine was
then added dropwise in a 1:1:1 molar ratio (4-
dimethylaminobenzaldehyde: acetophenone: phenylhydrazine). The
reaction mixture was subjected to ultrasonication at 40°C for 20 minutes
at a frequency of 40 kHz. The resulting product was crystallized using
cold distilled water, and the pH was adjusted to neutral with HCI.%8.2°

Two pot synthesis of PPA

The two-pot synthesis began with the formation of DAC. First, 0.01 mol
of 4-dimethylaminobenzaldehyde (DAB) was dissolved in 10 mL of
ethanol, followed by the sequential addition of 3 mL of 50% NaOH and
0.01 mol of acetophenone. The mixture was irradiated with ultrasonic
waves for 10 minutes. The crude product was precipitated using cold
distilled water and neutralized with HCI. In the second stage, 0.61 g of
DAC was dissolved in 10 mL of ethanol, and 240 pL of phenyl
hydrazine was added.. The reaction mixture was ultrasonicated for 20
minutes, and the final product was isolated by crystallization with cold
distilled water and then neutralized with 2 N hydrochloric acid.?%3°

Compound identification and characterization

The synthesized compounds were evaluated organoleptically for
physical properties such as colour, shape, and odour. Instrumental
characterization included melting point determination, UV-Vis
spectroscopy, thin-layer chromatography (TLC), infrared (IR)
spectroscopy, liquid chromatography-Mass spectrometry (LC-MS), and
Proton and carbon-13 nuclear magnetic resonance (*H-NMR and 3C-
NMR) spectroscopy. Melting point was measured using open capillary
tubes. IR spectra were obtained using a Shimadzu FTIR
spectrophotometer. TLC was performed on silica gel plates using a 3:1
mixture of n-hexane:ethyl acetate as the mobile phase. Spots were
visualized under UV light at 254 nm and 366 nm, and Rf values were
calculated. UV-Vis spectra were recorded at the maximum absorption
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wavelengths of each compound. LC-MS analysis was performed with a
MassLynx LC-MS/MS QTof instrument. Structural confirmation was
further supported by H-NMR and *C-NMR (Bruker Avance Neo-
Ascend).

In silico antibacterial activity test

The in silico antibacterial activity was evaluated through molecular
docking using Molegro Virtual Docker (MVD) to assess the binding
affinity of the synthesized ligands (PPA and DAC) toward selected
target proteins. The PPA structure was constructed using ChemDraw
and subsequently subjected to energy minimization employing the
MMFF96 force field algorithm. The target proteins used for the docking
included 1HNJ (B-ketoacyl-acyl carrier protein synthase Ill, FabH),
3MZD (penicillin-binding protein, PBP), and 609S (ribosomal subunit
of Staphylococcus aureus). Amoxicillin was employed as a reference
compound for comparative purposes. Docking protocol validation was
performed by calculating the root mean square deviation (RMSD)
following redocking of each protein’s native ligand.

Evaluation of antimicrobial activity in vitro (Minimum Inhibitory
Concentration Determination)

The antimicrobial activity of the synthesized compounds was evaluated
against standard bacterial strains, including Staphylococcus aureus
ATCC 6538, Escherichia coli ATCC 8739, and Salmonella typhii
ATCC 14028, as well as against the standard yeast strain Candida
albicans ATCC 10231. The antimicrobial activity of the newly
synthesized pyrazoline derivatives against bacteria and fungi was
assessed using the microdilution method according to the guidelines of
the Clinical and Laboratory Standards Institute (CLSI). Microbial
inocula were prepared by harvesting colonies of Escherichia coli (Ec),
Staphylococcus aureus (Sa), Salmonella typhii (St), and Candida
albicans (Ca) aged 24 hours (for bacteria) and 2-3 days (for fungi). A
single dose of the mixed microbial colonies was suspended in 0.9%
NaCl solution and homogenized. The optical density (OD) of the
suspension was adjusted using UV-Vis spectrophotometry at a
wavelength of 600 nm to an absorbance of 0.1 + 0.02, corresponding to
approximately 1 x 108 CFU/mL for bacteria and 1 x 10° CFU/mL for
fungi. The MIC test was conducted using compound concentrations
ranging from 10,000 to 256 pg/mL dissolved in concentrated DMSO,
with TSB (Tryptic Soy Broth) used for subsequent dilutions. For the
treatment group, 1 mL of the sample solution was mixed with 0.5 mL
of the microbial inoculum. The following controls were prepared:
Negative control (TSB): 1 mL of TSB mixed with 0.5 mL of microbial
inoculum, Negative control (solvent): 1 mL of solvent mixed with 0.5
mL of microbial inoculum, Positive control (antibiotics): 1 mL of
antibiotic solution (amoxicillin, cefadroxil, or nystatin) mixed with 0.5
mL of microbial inoculum. All sample tubes were incubated at 30-35°C
for 24 hours for bacterial strains, and at 20—-25°C for 48—72 hours for
the fungal strain (C. albicans). The turbidity of each sample was
observed and compared before and after incubation. Subsequently,
samples, negative controls, and positive controls were streaked onto
TSA (Tryptic Soy Agar) for bacteria and SDA (Sabouraud Dextrose
Agar) for fungi. TSA plates were incubated at 30-35°C for 24 hours,
and SDA plates at 20-25°C for 4872 hours. Colony growth was then
assessed. The presence of microbial colonies indicated a lack of
inhibitory activity, whereas the absence of colony growth indicated
effective antimicrobial activity of the sample.153

Cytotoxicity test

Approximately 50 mg of Artemia salina Leach shrimp eggs were
hatched in a dual-chamber system consisting of dark and light vessels
filled with synthetic seawater, prepared by dissolving 38 g of non-
iodized salt in 1 litre of distilled water. The dark chamber contained the
eggs and an aerator, while the light chamber was illuminated with an
18-watt fluorescent lamp for 48 hours to facilitate hatching. A test
solution was prepared by dissolving 50 mg of the sample in 5 mL of
solvent to produce a stock solution with a concentration of 10,000 ppm.
From this stock, eight serial dilutions were made to obtain test
concentrations of 1000, 500, 250, 100, 50, 25, 12.5, and 6.25 ppm. Each
concentration was tested in triplicate. Control solutions using DMSO at
concentrations of 10%, 5%, and 2.5% were also prepared as stock
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solutions of 10,000 ppm. These were then diluted to produce control
concentrations of 1000, 500, and 250 ppm, respectively. For each test
and control solution, 10 A. salina leach larvae were introduced into each
replicate. Observations were made after 24 hours of exposure. The
number of live and dead larvae in each concentration group was
recorded. The mortality data were then analyzed using probit analysis
to determine the LCso value. The results from the test solutions were
compared with the corresponding control groups.?

Results and Discussion

Synthesis and TLC profile of DAC and PPA

The synthesis of the target compound PPA began with the formation of
the intermediate DAC through a Claisen—Schmidt condensation
reaction. Acetophenone reacted with sodium hydroxide in ethanol to
form a carbanion, which then reacted with 4-
dimethylaminobenzaldehyde to yield the a,f-unsaturated chalcone
structure. Subsequently, DAC was cyclized with phenyl hydrazine to

o]
NaOH N(CH,),

==
= J T U
EtOH H(CH,),

DAC
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form the pyrazoline ring, producing a compound with three aromatic
rings. The synthesis scheme of DAC and PPA is presented in Figure 1.
The thin-layer chromatogram (Figure 2) showed that PPA (spots C and
D) exhibited a higher Rf value compared to DAC (spot B), confirming
the reduced polarity of pyrazoline compared to the chalcone precursor.
The TLC profile under 366 nm UV light revealed distinct fluorescence:
DAC appeared yellow, while PPA appeared blue. The two-pot synthesis
method produced a single spot, indicating a purer compound, while the
one-pot method showed a minor impurity (residual DAC). Organoleptic
examination of the compounds on the TLC chromatogram showed that
DAC had an orange-yellow colour, while PPA had a brownish-orange
colour. Both compounds emitted an aromatic odour. The calculation of
the yield indicated that the two-pot method produced a higher yield and
a purer product than the one-pot method (Table 1).

H,N

N7 4 N(CH),

EtOH : Nen

PPA

Figure 1: Synthesis scheme of 4-dimethylamino chalcone (DAC) and 4-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)-N,N-

dimethylaniline (PPA)

Figure 2: Physical a.ppearance and TLC profile of synthesized compounds; 4-dimethylamino chalcone (DAC) (Al) and 4-(1,3-
diphenyl-4,5-dihydro-1H-pyrazol-5-yl)-N,N-dimethylaniline (PPA) (A2); (B): DAC; (C): PPA (one-pot); (D): PPA (two pot)

Characterization of DAC and PPA

UV-Vis spectral data

The compound DAC exhibited two main absorption peaks: one at 264
nm (z—z* transition in the UV region) and another at 418 nm (visible
region), associated with the extended conjugated system of the a,f-
unsaturated carbon (Table 2). The UV-Vis spectra of PPA (from both
one-pot and two-pot synthesis) showed three absorption peaks at 204,
254, and ~356-358 nm, indicative of z—z* and n—z* transitions,
consistent with substituted aromatic and heterocyclic systems (Table
2).3033

FTIR, LC-MS, and *H-NMR spectral data

The FTIR, LC-MS and *H-NMR spectra of DAC and PPA are presented
in the supplementary Information. ldentification using FTIR was
conducted to determine the functional groups present in the synthesized
compounds. Identification using FTIR, LC-MS, and 'H- & *C-NMR,
as well as antimicrobial activity and toxicity tests, were carried out on
DAC and PPA compounds synthesized using the two-pot method. The
FTIR spectrum of 4-dimethylamino chalcone (DAC) showed
absorption bands at 1741 cm™, corresponding to C=0 (carbonyl) bond

vibrations; and at 1430 cm™, indicating aromatic C=C bond vibrations.
The absorption band at 3656.81 cm™ can be ascribed to O-H vibration
of the residual solvent (ethanol) molecules. The FTIR spectrum of the
pyrazoline derivative (PPA) displayed similar absorption bands as the
4-dimethylamino chalcone (DAC), except for the absence of absorption
around 1700 cm™. The absence of the vibration around 1700 cm™
indicates the loss of the carbonyl (C=0) group, which suggests that the
compound has been successfully converted into a pyrazoline
derivative.®%%-%_ The IR spectrum of pyrazoline derivatives, was
characterized by the presence of an imine group (C=N) detected at wave
numbers 1550-1600 cm™.% In the region between 1500400 cm™, the
PPA spectrum showed a large and irregular fluctuations, indicating the
higher structural complexity of the compound. LC-MS analysis
confirmed the formation of the target compound (PPA); however, the
presence of multiple peaks at different retention times (Rt) indicated
that several side products were also formed.
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Table 1: Thin layer chromatography (TLC) data of
synthesized compounds

Spot Compound Rf AUC (%)
B DAC 0.51 93.34
C PPA (one-pot) 0.77 86.38
D PPA (two-pot) 0.78 99.00
PPA: 4-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)-N,N-

dimethylaniline; DAC: 4-dimethylamino chalcone

Table 2: UV-Visible spectral data of synthesized compounds

Wavelenght of maximum absorption

Compound (Amax) (NmM)

Ultra violet Visible

DAC 264 418
PPA (one-pot) 204
254 -
358
PPA (two-pot) 204
254 -
356

PPA: 4-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)-N,N-
dimethylaniline; DAC: 4-dimethylamino chalcone

Compound DAC was identified with an m/z value of 252 [M+H]*
consistent with the molecular formular C17H17NO at a retention time of
11.87 minutes, while the pyrazoline compound was detected with an
m/z value of 342 [M+H]* corresponding to C2sH2sNs molecule at a
retention time of 14.05 minutes. The *H-NMR and *C-NMR
spectroscopic analysis of DAC exhibited a consistent spectral pattern
whose data is presented in Table 3.

Table 3: 'H- and *C-NMR chemical shifts of 4-
dimethylamino chalcone (DAC)

BC-NMR TH-NMR

No CD;0OD, 125 MHz CD;0D, 500 MHz

1 138.73 -

2 130.45 8.05 (m)

3 128.30 7.63 (m)

4 132.26 7.54 (m)

5 128.30 7.63 (m)

6 130.45 8.05 (m)

7 122.35 -

8 129.99 7.55 (m)

9 111.62 6.79 (m)

10 152.65 -

11 111.62 6.79 (m)

12 129.99 7.55 (m)

ik 115.76 7.49 (d, J = 15.0 Hz)

2 146.65 7.52 (d, J = 15.0 UHz)
3’ C=0 191.35 -
N-Me: 38.82 3.05 (s)
N-Me; 38.82 3.05 (s)
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The chemical shifts between 6H 7.63 ~ 8.05 are for the protons of the
aromatic ring A, and 6H 6.79 ~ 7.55 are for the protons of the aromatic
ring B. The vinylic protons of the chalcone moiety (-CH=CH-CO-)
typically appear at 3H 7.49 (d, J = 15.0 Hz; H-1") and 8H 7.52 (d, J =
15.0 Hz; H-2") showing trans stereochemistry. Investigation based on
13C-NMR spectrum showed that there were 17 carbon atoms consisting
of eleven methine carbons; three quarternary carbons, one carbonyl
carbon and two methyl carbons.

The H-NMR and *C-NMR analysis of PPA displayed spectral data
(Table 4) that was consistent with the proposed structure. The protons
of aromatic ring A appeared at 3H 7.18 (m); 7.40 (m) and 7.77 (m). The
protons of aromatic ring B appeared at 3H 6.72 (m); 6.77 (m) and 7.13
(m). The protons of aromatic ring C appeared at 6H 6.77 and 6H 7.13
ppm. The N(CHs): group protons appeared as a singlet at 5H 2.91 ppm.
The chemical shift for the pyrazole ring proton were at 3H 5.25 (dd, J
=5.0; 10.0 Hz; H-4") and 8H 2.91 (s, br; H-5). Interpretation of *C-
NMR and Distortionless Enhancement Polarizzation Transfer (DEPT)
spectra gave 23 carbons consisting of one (-CH:-); one (-CH-); two (-
CHa); 14 (-CH=) and five (-C=).

Table 4: *H- and ¥*C-NMR chemical shifts of 4-(1,3-diphenyl-
4,5-dihydro-1H-pyrazol-5-yI)-N,N-dimethylaniline (PPA)

No. BC-NMR TH-NMR
(CD:OD, 175 MHz)  (CD;OD, 700 MHz)
1 133.01 (s) -
2 125.34 (d) 7.77 (m)
3 128.18 (d) 7.40 (m)
4 126.40 (d) 7.18 (m)
5 128.18 (d) 7.40 (m)
6 125.34 (d) 7.77 (m)
7 145.14 (s) -
8 113.32 (d) 6.77 (M)
9 128.21 (d) 7.13 (m)
10 118.47 (d) 6.72 (M)
11 128.21 (d) 7.13 (m)
12 113.32 (d) 6.77 (M)
13 130.92 (s) -
14 128.21 (d) 7.13 (m)
15 113.32 (d) 6.77 (M)
16 147.05 (s) -
17 113.32 (d) 6.77 (M)
18 128.21 (d) 7.13 (m)
N-Me: 43.06 () 3.33(s)
N-Me; 43.06 (q) 3.33(s)
I 150.33 (s) -
2-N - -
3N - -
4 64.14 5.25 (dd)
5 39.66 2.91 (s,br)

Antimicrobial activity of DAC and PPA

Antimicrobial activity evaluation using in vitro assay was conducted by
determining the minimum inhibitory concentration of each compound
synthesized. The MIC assay showed that both DAC and PPA (from both
synthesis methods) inhibited the growth of E. coli, S. aureus, S. typhii,
and C. albicans only at relatively high concentrations (MIC = 5000
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pg/mL). These results indicate weak antimicrobial potency, especially
when compared to known pyrazoline derivatives with halogen or
hydroxy! substituents.'%”

Antimicrobial activity evaluation using in silico methods was aimed at
determining the mechanism of action of the compounds as
antimicrobial agents. Validation of the molecular docking protocol was
carried out by determining the RMSD value of each combination of
algorithms and scoring functions used as shown in Table 5.
Superimposition of the redocking pose of native ligand and the natural
pose is shown in Figure 3. The three bacterial receptors used include
the PDB IDs 1HNJ (beta-Ketoacyl-acyl carrier protein synthase IlI
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(FabH)), 3MZD (Penicillin-binding proteins (PBPs)), and 609S
(ribosomal sub unit of S. aureus). The results of the in silico study
showed that PPA had weaker antibacterial activity compared the
reference drug (amoxicillin), the rerank scores of both compounds are
presented in Table 6. Figure 4 represents the visualization of the
interactions between the ligand and amino acid residues of the
receptors. The visualized interactions revealed that PPA formed only
two hydrogen bonds, along with several alkyl interactions on interaction
with 1HNJ (8-ketoacyl-acyl carrier protein synthase 111, FabH), and
3MZD (penicillin-binding proteins, PBPs).

Table 5: The best docking protocol of each receptor

Best
PDB ID Algorithm Scoring Function Coordinate Radius
RMSD
3MzD Moldock Score Moldock SE 44.05; 6.45; 29.12 10 2.18
1HNJ Moldock Score Moldock Optimizer 26.73; 13.6; 32.68 15 6.4
609S Moldock Score Moldock SE 66.96;76.71; 150.54 10 1.58
Table 6: Rerank scores of test compounds
PDB ID Native Ligand Amoxicillin DAC PPA
3MzD -81.76 -94.82 -68.97 -86.43
609S -68.73 -82.11 -67.46 -75.74
1HNJ -121.81 -95.67 -70.90 -89.11
PPA: 4-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)-N,N-dimethylaniline; DAC: 4-dimethylamino chalcone
Figure 3: Superimposed poses of native ligand and native ligand redocking; (A): 3MZD, (B): 1HNJ, and (C): 609S
Amoxicillin-1HNJ I)A‘V:'-IHNJ PPA-1HNJ
Amoxicillin-3MZD DAC-3MZD PPA-3MZD
Pocket-609S.1D Amoxicillin-609S DAC-609S PPA-609S
Figure 4: Visualization of the interaction of compounds with amino acid residues of receptors
3835
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In contrast, amoxicillin formed three and six hydrogen bonds with these
targets, respectively. Meanwhile, the interaction between PPA and
609S (ribosomal subunit of S. aureus) have two hydrogen bonding
beside Van Der Waal and Pi-Pi alkyl interactions that influenced
affinity. This causes the pyrazoline compound not to bind strongly to
the bacterial receptor so that it is unable to inhibit bacterial growth
effectively.

Cytotoxic activity of DAC and PPA
Cytotoxicity test was carried out using the BSLT method by calculating
the percentage of death and probit analysis in several series of test
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solution concentrations until the LCso value could be determined.
Tables 7 and 8 show the raw data for calculating the LCso. The LCso
values for DAC and PPA were 0.0042 and 81.2710 pg/mL, respectively
based on percentage death and 0.2214 and 60.9592 pg/mL, respectively
based on probit calculations. This value indicates that both compounds
have high cytotoxic properties. The LCso values obtained showed that
changing the a-f unsaturated carbon atoms in chalcone to pyrazoline
reduced the cytotoxic activity.

Table 7: Cytotoxicity of 4-dimethylamino chalcone (DAC)

D(();:Sm(;j ) L(()E)D Death Live A Death A Live Death/Live % m?yr)tality Probit
1,001.20 3.00 30 0 228 0 228/228 100.00 8.0900
500.60 2.70 30 0 198 0 198/198 100.00 8.0900
250.30 2.40 30 0 168 0 168/168 100.00 8.0900
100.12 2.00 30 0 138 0 138/138 100.00 8.0900
50.06 1.70 30 0 108 0 108/108 100.00 8.0900
25.03 1.40 30 0 78 0 78/78 100.00 8.0900
12.52 1.10 26 4 48 4 48/52 92.31 6.4317
6.26 0.80 22 8 22 12 22/34 64.71 5.3813

Table 8: Cytotoxicity of 4-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)-N,N-dimethylaniline (PPA)

Dose (D) Log D % mortality

(ppm) x) Death Live A Death L?ve Death/Live V) Probit
1,001.20 3.00 30 0 114 0 114/114 100.00 8.0900
500.60 2.70 30 0 84 0 84/84 100.00 8.0900
250.30 2.40 19 11 54 11 54/65 83.08 5.9532
100.12 2.00 19 11 35 22 35/57 61.40 5.2920
50.06 1.70 6 24 16 46 16/62 25.81 4.3543
25.03 1.40 4 26 10 72 10/82 12.20 3.8300
12.52 1.10 3 27 6 99 6/105 571 3.4239
6.26 0.80 3 27 3 126 3/129 2.33 3.0061

Conclusion

The compounds DAC and PPA synthesized using ultrasonic-assisted
method exhibited weak antimicrobial activity, with minimum inhibitory
concentrations (MIC) of 5000 pg/mL against Escherichia coli,
Staphylococcus aureus, Salmonella typhii, and Candida albicans.
Molecular docking analysis revealed that PPA had lower binding
affinity and formed fewer hydrogen bonds with bacterial targets
compared to the reference drug (amoxicillin), supporting the observed
low antimicrobial activity. In terms of cytotoxicity, PPA demonstrated
a significantly higher LCso value (81.27 pg/mL) than DAC (0.0042
pg/mL), indicating that structural modification by converting the a,3-
unsaturated chalcone into a pyrazoline ring can reduce cytotoxicity.
These findings suggest that while PPA has limited antibacterial
potential, it may serve as a less toxic precursor for further structural
optimization aimed at enhancing biological activity.
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