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Antioxidant, antibacterial, and cytotoxic activities of Cimemoxin

derivatives and their molecular docking studies

Abstract

Purpose: The cimemoxin derivatives and their biological importance in antioxidant,
antibacterial, and cytotoxic activities were the main focus of this study. By using a one-step
reaction and green chemistry method, this study was able to synthesise derivatives of cimemoxin-
related Mannich base compounds.

Methods: Green chemistry can be used to prepare new, one-pot syntheses of cimemoxin
derivatives (la-i) Mannich base derivatives. FTIR, mass spectrometry, elemental analysis
(EA), and 'H and '*C NMR were used to analyse the newly synthesised compounds. The
cytotoxic, antibacterial, and antioxidant activities of synthesized compounds (la-i) were
investigated. To test all synthesised compounds (1a—i) for cytotoxicity against normal Vero
cell lines and MCF-7, the antioxidant activities were studied using DPPH, NO, H20:, and
ABTS" assays. The synthesised compounds were screened for anti-tyrosinase and antibacterial
activities. Highly active compounds were investigated using molecular docking studies.
Results: The compound 1h showed considerable activity in H202 (ICso: 13.79 ug/mL) and
DPPH-scavenging was significantly active (ICso: 19.62 pg/mL) compared to the standard BHT
(ICs0: 27.16 and 33.88 pg/mL). Compound 1f was more effective than regular trolox (85.28%)
against ABTS and 99.08% against AAPH antioxidants. The most potent inhibitory activity was
observed for compound 1h (ICso = 15.16 yg/mL) which was more potent than kojic acid (ICso
= 17.794095 ug/mL). All synthetic substances were tested for their cytotoxic potential.
Compound If (ICso = 0.12 p g/mL) was extremely active compared to doxorubicin (ICso=0.74
pg/ml) and other compounds were lowly active compared to the MCF-7 cell line. In terms of
anti-tyrosinase activity, compound 1h was highly active compared with the standard, and
compound 1d was highly active against K. pneumonia.

Conclusion: In this study, strong antioxidant, antibacterial, and cytotoxic activities were
reported for all the compounds. In molecular docking studies, compounds 1d and 1h had higher
binding affinities than the other compounds. Compounds 1d and 1h performed well in all tests.
Additionally, this investigation successfully identified a number of intriguing compounds with

cytotoxic and antioxidant properties.
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1. Introduction

Cyclohexane-1,3-dione (1,3-CHD) is the most important molecule used in various
industrial applications such as insecticides, polymer additives, and cosmetics (Caine et al.,
2020: Caine et al.,2019; Chen et al., 2016). Generally, various methods are used to synthesise
cyclohexane-1,3-dione derivatives; for example, the aldol-condensation technique is a very
basic condensing agent (Wei et al., 2018), whereas other alternative methods involve the
selective hydrogenation of resorcinol (RES) (Hou et al., 2014). In 1986, Etter et al. published
a paper on the crystal structure of 1,3-cyclohexanedione and documented the formation of CHD
and benzene inclusion compounds (Etter et al., 1986). A class of chemical compounds known
as hydrazine derivatives contain molecules with a functional group -C=N-N=C—. With this
conjugated system, electrical stimulation of the near-UV and visible spectra is conceivable.
These are important for a variety of applications, including DSSC (dye-sensitised solar cells)
(Sun et al., 2015; Gong et al., 2017), analytical fluorescent sensors for detection (Jung et al.,
2019), organ gels, and protection against corrosion (El Azzouzi et al., 2016: Belghiti et al.,
2019). Furthermore, the antioxidant, antimicrobial, and anticancer properties of phenyl-
substituted hydrazines have been reported (Markova et al., 2019). Despite being utilised as
precursors in organic synthesis, derivatives of hydrazine are commonly utilised in the polymer,
agricultural, medicinal, and dye industries (Tanini and Capperucci, 2021). It has been
discovered that a number of compounds with a hydrazine moiety are efficient in therapy for
hypertension, Parkinson's disease, and tuberculosis (TB). Several hydrazine derivatives exhibit
substantial biological activities (Popiolek, 2017). Certain hydrazines also exhibit
neuroprotective propertics and are prescribed as antidepressants (Pan et al. 2017).
Azapeptides, which are hydrazine-based peptidomimetics, have been discovered as effective
treatments for hepatitis, AIDS, and SARS (Aggarwal et al., 2013).Figure 1 illustrates that some
pesticidal and herbicidal active compounds have 1,3-CHD as their basic unit (a) (Sharmaetal.,
2021) and a bioactive synthetic hydrazine moiety (b) (Al-Zharani et al., 2022).

Based on these observations, cyclohexane-13-dione and hydrazine play significant
roles in various industrial and biological fields. In this study, we developed a three-component,
one-pot synthesis of 1.3-cyclohexanedione that connects hydrazine derivatives to produce
Mannich Base's cimemoxin derivatives, and evaluated their cytotoxic, antibacterial, anti-
tyrosinase, and antioxidant properties. The cytotoxic effects of Mannich-based cimemoxin

derivatives have also been investigated against normal Vero cancer cell lines.




2. Material and methods
2.1. Chemistry

Transparent capillary tubes were used to measure breaking points. FT-IR bands (using
Shimadzu 8201PC, 4000-400 cm™') were captured in KBr. A Bruker Drx 300WB spectrometer
(operating at 300 and 75 MHz) was used to analyse the NMR spectra of all compounds. The
mass spectrum (EI) at 70 eV was recorded using a D-300 Jeol JMS mass spectrometer. C, H,
N, and S were assessed using an elemental analyser (Vario EL III). TLC was used to determine

the purities of the compounds.

2.1.1. Synthesis of compound (1a-1i)

Compound 1a, 3-methylbut-2-en-1-ylidene hydrazine (0.1 mmol), benzaldehyde
(0.1 mmol), and 1.3-cyclohexanedione (0.1 mmol) were added to ethanol. The reaction mixture
was refluxed for five h at 60 °C. Before adding the reaction mixture to frozen water, it was
stirred and cooled to ambient temperature. The final product was identified and confirmed by
thin-layer chromatography (TLC). The solid substance was separated by column
chromatography (CC) with ethyl acetate and hexane (4:3 ratio) (Mostata et al.. 2019; Al
Khattat et al., 2021). The final product was recrystallised using the appropriate alcohols. A
yield of approximately 78-86% was obtained. A similar procedure was performed using the

remaining compounds (1b-1i).

2.2. Antioxidant activity
2.2.1. DPPH scavenging activity

Using the DPPH (2,2-diphenyl-1-picrylhydrazyl) technique of each compound’s
antioxidant activity was assessed. The antioxidant capabilities of different chemical dosages
(10, 25, 50, and 100 pg/ml) were studied. When DPPH was dissolved in methanol, several
compounds were examined to determine whether they could protect DPPH from bleaching. At
room temperature, 1.6 ml the test sample was combined with a DPPH methanol solution to
measure the absorbance and compare it with a control (Kumar et al., 2017).
The formula was used to determine the % inhibition.

control — Asample

A
DPPH Scavenging ef fect (%) = y

X 100

control

2.2.2. Hydrogen peroxide (H202) scavenging assay
Each material was examined for its capacity to scavenge H2O». A solution of H20:2 (40

mM) was prepared in a phosphate buffer (pH 7.4). Phosphate buffer (0.6 mL, 40 mM) was




dissolved in the test compounds (3.4 mL) (10, 25, 50, and 100xg/mL) before being added to
the H>03 solution. The absorbance of the reaction mixture was examined at 230 nm (Lateel et
al., 2017).

H20: scavenging inhibition was calculated as a percentage.

A —A
% of Inhibition = —<22el“sample o 10
Acontrol

2.2.3. NO (Nitric oxide) scavenging activity

The NO-scavenging capability of the compounds was assessed. Sodium nitroprusside
(10mM), PBS (0.2M, pH 7.4), and various quantities of the test sample (10-100 pg/mL) were
added throughout the 150-minute incubation at 25°C. Afterwards, the reaction product (1 mL)
was added, followed by Griess reagent (1 ml) (Ghosh and Tiwari, 2018).

H»0: scavenging inhibition was calculated as a percentage.

Acontrol - Asample

x 100

% of NO Scavanging =

Acontrol

2.2.4. 22-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid radical cation (ABTS™)
decolorization assay TEAC stands for Trolox equivalent antioxidant capacity.

These substances were evaluated for their ability to scavenge ABTS". During the
course of 12 h in the dark at ambient temperature, ABTS ™ interacted with 2.45 mM K28:0s to
produce ABTS™.

The ABTS™ solution was treated with phosphate buffer until the absorbance at 734 nm
(0.1 M, pH 74) was 0.700 £0.025.

The diluted solution was then given 1.5-mL aliquots of compounds (1la—i) at various
concentrations (10, 25, 50, and 100 gg/mL). Each concentration was compared to a blank
sample (ethanol) after 30 min and the inhibition % was calculated (Alaklabiet al., 2018).

The ABTS™ radical's scavenging efficiency was determined using the following equation:

Ac_As
A

ABTS o + scavenging ef fect (%) = x 100%

[

2.2.5, Lipid peroxidation method (AAPH)
Linoleic acid peroxidation was investigated for all synthesised substances. To

synthesise conjugated diene hydroperoxide, 2.2'-azobis (2-amidinopropane) dihydrochloride




(AAPH) was utilised as a free radical accelerator to oxidise a water-based dispersion of linoleic
acid at 234 nm. This study may be used to follow oxidative modifications and to measure the
effectiveness of each drug in suppressing linoleic acid peroxidation.

A UV cuvette containing phosphate buffer (1 ml of 0.05 M) was tested. AAPH oxidises
an aqueous linoleic acid dispersion at 234 nm to form conjugated diene hydroperoxide, a free
radical initiator.

This study can be used to monitor oxidative processes and establish the degree to which
each medication suppresses linoleic acid peroxidation. The UV cuvette was filled with
phosphate buffer (I mL) and linoleic acid (1 mL) dispersion and warmed to 37 °C. The
oxidation process was initiated with 1 mL of the AAPH solution at 37 °C in air. Oxidation was
conducted using 1 ml of the examined compounds (10, 25, 50, and 100 pxg/mL). A same-
volume of DMSO was used to study lipid oxidation with and without antioxidants. The

absorbance was measured at 37 °C to assess the oxidation rate (Alaklabietal.  2018).

Formula for linoleic acid oxidation inhibition:

o 1 — rate of absorbance change with test compound
% Inhibition = - x 100
rate of absorbance change with solvent control

2.3. Anti-tyrosinase Screening

Mushroom tyrosinase activity was evaluated using a modified spectrophotometric technique
with L-dopa as the reagent. The mixture for the reaction, which included mushroom tyrosinase
(12428 U), L-DOPA (1.5 mM), sodium phosphate solution (pH 6.5) (0.1 mM), and a final volume
(3.0 ml), was incubated at 30 °C for two minutes. Using a UV-160A Shimadzu spectrometer, it was
possible to spectrophotometrically measure the production of dopachrome by measuring the

absorbance at 475 nm. Kojic acid is a beneficial compound (Selvaraj et al. 2020).

The formula below was used to calculate the percentage of tyrosinase activity inhibition:
(4-B)—(C-D)

100
@a-B

Tyrosinase inhibitory activity (%) =

Where,
A is after incubation, the neutral solution's absorption; B is before incubation, the neutral
solution's absorption; C is the sample solution's color following fermentation; and D is the sample

solution's color before processing.




24. Cytotoxic screening
The same methods used in an earlier study were used to examine the cytotoxicity of the
newly synthesised compounds (1la—i). The Supplemental Information section provides a full

description of the procedure (Surendra Kumar et al., 2017).

24.1. Cell lines and cell culture
ATCC provided the MCF-7 and normal Vero cell lines. At 37 °C and 5% CO2, DMEM with

10% FBS was used to cultivate the cells until they achieved 70-80% confluence.

2.5. In vitro antibacterial screening
A previously described method was used to test the antibacterial activity of the synthesised
compounds (la—-i). The supplemental information section has a full description of the

procedure (Surendra Kumar et al., 2017).

2.6. Molecular docking
2.6.1. Ligand preparation

ChemDraw 12.0 and Chem3Dpro were used to Draw the ligands (Compound 1a-i); and
Protein Data Bank was created from the ligand molecules for docking research

(www.cambrideesoft.com).

2.6.2. Receptor preparation
The protein data bank was used to download the structure (PDB ID: 2Y9X and 6B 1P)

from http://www rcsb.org representing a protein-binding mushroom tyrosinase and glutamate-

tRNA synthetase. Water molecules and ligands were removed from the Discovery Studio 2019.
The energy of the receptor was reduced using SWISS PDB Viewer, after which molecular
docking at the receptor was performed.
2.6.3. Identification of the binding pocket

Using a co-crystallised ligand and the Discovery Studio 2019 application, the binding
pocket of the target protein was specifically located; 2Y9X - Asp312,Glu356, Lys379,GIn307,
Asp357, Trp358, Lys379, and 6B 1P — Arg80 and Argl57 were residues found in the binding
pocket.
2.6.4. Docking

Using Auto Dock Vina 1.1.2 (http://mgltools.scripps.edu), molecular docking investigations,

to ascertain the interactions and mechanisms between the most potent compounds in the
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Cimemoxin series, compounds 1d, 1f, and 1h with the proteins 2Y9X and 6BI1P (Chidambaram

etal., 2021).

3. Result and discussion
3.1. Chemistry

Mannich base derivatives have been synthesised using green chemistry. A mixture of
3-methylbut-2-en-1-ylidene hydrazine, benzaldehyde, and 13-cyclohexanedione was
combined with ethanol and refluxed for 5 h at 60°C. The final product was identified and
confirmed by thin-layer chromatography. The solid substance was separated by column
chromatography with ethyl acetate and hexane (4:3 ratio). The resultant solid was recrystallised
from a suitable alcohol to produce a pure product. The synthetic route to the cimemoxin
derivative is shown in Scheme 1. The product yield was 86-78%.

The target compounds were analysed using FT-IR and NMR spectroscopy ('H and '*C).
The fundamental classification of the compounds revealed substantial bands in the IR spectrum
at 3395-3315, 18151680, and 1685-1644 cm™!, adhering to the -NH, CO, and CN groups. 'H
NMR signals showed that § 7.92-6.90, 7.50, 7.0, 2.16-1.94, and 2.40-2.30 ppm, indicating —
Ph, N=CH, -NH, -CH3, and —CH2 protons. The 13C NMR revealed peaks at 6 208.3, 158.6—
115.0,137.2,40.8, and 20.5-26.9 ppm, which conformed to the CO, -Ph, N=CH, -CHz-, and —
CH3 atoms. The results from the elemental analysis and mass spectroscopy agreed with the
structure of each compound. The molecular weight was determined by mass spectral
characterisation (EI-MS), and 1a compound shows a molecular ion EI-MS (m/z) of 298.38 (M",
20.5%), which was confirmed by the molecular weight of compound la. All compounds
conformed to the molecular mass using EI-MS mass spectral analysis. The detailed 'H and *C
NMR spectra are included in the Supporting Information file (Figure S1-S18).
Compounds (la-i) were evaluated for their antioxidant activity using UV-visible
spectrophotometry and DPPH, H2O2, NO, ABTS™", and AAPH assays. The cytotoxic potential
of compounds 1(a—i) against cancer cell lines (MCF-7 and Vero) was examined. Compounds

1(a-i) were screened for antibacterial and anti-tyrosinase activities.

3.2. Biological activity
3.1.1. Antioxidant activity




The synthesised compounds 1(a-i) were screened for antioxidant activity. The ability
of compound 1h to scavenge DPPH free radicals increased with increasing concentration,
achieving a maximal activity of 100% at 100 pg/mL. Compared to conventional BHT (ICso =
33.8 ug/mL), compound 1h had significantly higher scavenging activity (ICso = 19.62 pg/mL).
The other compounds were less active than BHT and compound 1h. Table 1 shows the DPPH
scavenging activity of compound 1a-1i.

Cimemoxin derivatives (la-i) has an H20: scavenging activity of 10-100 pg/mL.
Compounds 1h (ICso = 13.79 pg/mL) had extraordinary activity (100 #g/mL at 100% activity)
when compared with BHT (ICso =27.16 ug/mL) and was lower than that of the other
compounds had lowly active. The scavenging activities of the compounds against hydrogen
peroxide (H202) is shown in Table 2.

Spectrophotometric measurements of formazan, which was formed when the NO
radical met the Griess reagent, were performed on all the chemicals that were made.
Compounds 1c (ICso = 23.58 pg/mL) have a high level of activity against both standard BHT
(ICs0o = 31.73 pg/mL) and other substances (80% activity at 100 pg/mL). Although the most
frequent compounds were very active, compound 1e¢ was the most active, as shown in Table 3.

For the ABTS™ assay, cimemoxin derivatives (la—i) was examined. Comparing
compound 1f to trolox (85.28 + 0.97%), compound 1f was much more active (99.08 + 0.02%).
About 90% greater activity was displayed by compounds 1e, 1f, 1g, 1Th and 1i than by Trolox.
Table 4 displays the ABTS scavenging activities of the extracts.

The ABTS radical cation, which depends on decolourisation, rapidly generates a stable
green/blue ABTS™ prior to its reaction. All compounds had a purity between 80 and 99% and
were more active than normal trolox.

Using the AAPH assay, compounds (la—-i) were tested for conjugated diene
hydroperoxides. This was done by oxidising linoleic acid at a wavelength of 234 nm, which
caused conjugated diene hydroperoxides to be formed by the hydrophilic AAPH initiator. The
antioxidant activities of the synthesised compounds were measured. Compound 1f showed the

highest antioxidant activity at 97.30 £ 0.10% at 100 gg/mL (Mani et al., 2021).

3.1.2. Tyrosinase inhibitory activity

According to Mani et al. (2021), in order to evaluate tyrosinase inhibition, all the synthesised

cimemoxin derivatives (la-i) were tested using the substrate L-DOPA, using a slightly modified

version of Bradford's technique. Kojic acid was chosen as the standard compound because of its
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strong inhibitory action against tyrosinase, making it a popular skin-whitening ingredient. The most
potent inhibitory activity was observed for compound 1h (ICso = 15.16 pg/mL) which had highly
activity than kojic acid (ICso = 17.79+0.95 pug/mL), and other compounds had lowly active than

compound lh and standard. Table 5 summarises these activities.

3.1.3. Cytotoxic activity

The cytotoxic activities of the newly prepared compounds 1a—1j were examined according to
a previously reported method (Gobinath et al., 2021). Compound 1f (ICso: 0.12 + 0.04 zg/mL)
was much more hazardous than doxorubicin (ICso: 0.74-+0.01 pg/mL), because these actions
were only seen at quantities higher than 16.16 pg/mL, which is the dose that is 100% harmful
to Vero cell lines. As a result, the compounds 1f were shown to be cytotoxic for Vero cell lines
and to be very active against antioxidant and antibacterial activities. The other compounds were

less active than doxorubicin and 1f (Table 6).

3.1.4. In vitro antibacterial activity

Synthesised compounds 1(a-i) was screened for antibacterial activity, compound 1d,
and 1f (MIC = 2 pg/mL) was highly active against §. aureus compared with standard
ciprofloxacin, while 1b, 1¢, 1e, and 1h (MIC = 4 pg/mlL) was equipotent activity compared
with standard (MIC = 4 pg/mL). Compound 1d (MIC = 2 and 1 pg/mL) was highly active
against E. coli and P. aeruginosa, and 1g and 1i (MIC = 4 and 2 pg/mL) showed equipotent
activity compared with the standard ciprofloxacin. Compound 1d (MIC = 0.5 pg/mL) was more
active against K. pneumoniae than ciprofloxacin (MIC = 16 pg/mL) and other compounds.
Table 7 shows the antibacterial activities of compounds 1a-i using MIC (Al-Khattat et al_,

2021).

3.2. Molecular Docking Studies

3.2.1. Molecular docking studies of anti-tyrosinase activity

Auto Dock Vina 1.1.2. program was used to evaluate the docking behaviour of compounds 1d,
If, 1h, and kojic acid with mushroom tyrosinase-binding protein (PDB ID: 2Y9X). With the
mushroom tyrosinase binding protein (PDB ID: 2Y9X), compound 1h demonstrated a higher
binding affinity (-4.3 kcal/mol) and bond length (1.96,2.07, 2.40, and 2.42 A) than kojic acid
(-3.8 kcal/mol) and bond length (1.80, 1.92, 3.78, and 1.96 A). Residues of the amino acids
GLN 307, THR 308, TYR 311, ASP312, TYR 314, GLU 356, ASP 357, TRP 358, GLU 359,
SER 364, PHE 368, VAL 371, LYS 372, GLY 373,LYS 376, and LYS 379 were tangled into
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hydrophobic connections, as shown in Figure 2(a). Docking of compound 1h is shown in
Figure 2(a). The lowest activity compound 1d and 1f has lower binding affinity (-3.5,and -2.9
kcal/mol) compared with Kojic acid and compound 1h compared. In the control kojic acid, the
amino acid residues GLN307, THR308, TYR311, ASP312, ASP357, TRP358, GLU359,
LYS376, and LYS379 were tangled in hydrophobic connections. The docking of the positive
control kojic acid is shown in Figure 2(b). The findings demonstrate that, in comparison to the
controls, kojic acid and compounds 1d, 1f, and 1h have equivalent inhibitory capacities. The
molecular docking results are presented in Table 8(a). The docking results for other compounds

are provided in the Supporting Information.

3.2.2. Molecular docking studies of antibacterial activity

Auto Dock Vina 1.1.2. program was used to evaluate the docking behaviour of
compounds 1d, 1f, and 1h, and ciprofloxacin with mushroom tyrosinase-binding protein (PDB
ID:6B1P). With the Glutamate-tRNA Synthetase from Helicobacter pylori binding protein
(PDB ID: 6BIP), compound ld demonstrated a higher binding affinity (-6.4 kcal/mol) and
bond length (4.91, and 2.55 A) than ciprofloxacin (-6.3 kcal/mol) and bond length (2.34, 2.27,
2.29,2.74, and 3.08 A). The residues GLU 44, ALA 45, TRP 46, ILE 47, ASN 79, ARG 80,
ASP 81, PHE 82, LEU 83, VAL 132, ILE 137, GLN 138, PHE 141, ILE 152, ALA 153, MET
156, ARG 157, and SER 160 are tangled into hydrophobic connections, as shown in Figure
3(a). Docking of compound 1d is shown in Figure 3(a). The lowest activity compound 1f and
lh has lower binding affinity (-5.5, and -5.8 kcal/mol) compared with ciprofloxacin and
compound ld compared. In the ciprofloxacin control, the amino acid residues ILE172,
ARGI175, TYR182, ASN183, and LYS 210 were tangled in hydrophobic connections. The
docking of the positive control, ciprofloxacin, is shown in Figure 3(b). These findings
demonstrate that, in comparison to the controls, ciprofloxacin and compounds 1d, 1f, and lh
have equivalent inhibitory capacities. Molecular docking results are presented in Table &(a).
The docking results for other compounds are provided in the Supporting Information.

Finally, compounds 1h and 2Y9X protein, docked in antityrosinase activity, produced
a high docking score (-4.3 kcal/mol), and compounds 1d and 6BIP protein, docked in
antibacterial activity, produced a high docking score (-6.4 kecal/mol) (Akbar et al., 2020; Ali et
al., 2020).
3.3. Structure-activity relationship (SAR) analysis

The chemical composition of molecules is biologically relevant to their biological

activities in the test system, and this link is known as the structural-activity relationship (SAR).
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By investigating the relationships between structure and activity, we discovered many
significant factors.

The SAR demonstrated a correlation between electrons and the presence of both
drawing and electron-releasing groups at the C-4 position of the phenyl ring in relation to the
hydrazine analogues la—i. These compounds were found to be more potent against both gram-
positive and gram-negative microorganisms than ciprofloxacin. Compounds 1b and 1h
displayed significant antibacterial activity against all bacterial species, with the SAR revealing
the presence of strong electron-withdrawing groups (-NO:z) which indicated better antibacterial
action. Additionally, the SAR showed that lipophilicity played a crucial role in antibacterial
activity. While the substances 1d (MIC = 0.5 pg/mL) was extremely active against K.
pneumoniae, while Staphylococcus aureus, and Pseudomonas aeruginosa (MIC = 1 pg/mlL)
had a highly activity compared to standard and other compounds (Al-Khattat et al., 2021).

To evaluate the preliminary SARs, the cytotoxic activity results of the cimemoxin-
Mannich base derivatives were utilised. The results of the selected Mannich base derivatives
of cimemoxin (la-1i) demonstrated that compound 1f displayed the highest efficiency in
controlling cancer cell proliferation (ICs0 =0.12 + 0.04 gg/mL) compared to doxorubicin. The
presence of a cimemoxin ring along with a 4-methoxybenzaldehyde group resulted in enhanced
cytotoxic activity against cancer cell lines. This was attributed to the electron-withdrawing
methoxy group on the phenyl ring, which was attached to the cimemoxin skeleton. The other
compounds displayed weak cytotoxic activity against all the tested cancer cell lines (Gobinath
etal., 2021).

Compound 1h has (E)-(3-methylbut-2-en- I-ylidene)hydrazine, cyclohexane-1,3-dione,
with an 4-nitrobenzaldehyde, demonstrating higher antioxidant activity (DPPH: ICs0 = 14.56
pg/mL, H202: ICs0 = 11.82 pg/mL) than compounds 1d and 1f. Compounds 1f had high
ABTSe++ and AAPH activities (99.08 + 0.02 % and 97.30 + 0.10 %, respectively), and NO
scavenging activity (NO: ICso = 10.36 pg/mL) compared with other compounds.

Therefore, the development of new types of antioxidant and antibacterial drugs can
benefit from the use of 4-methoxybenzaldehyde and (3-methylbut-2-en-1-ylidene) hydrazine

linked with cyclohexane-1,3-dione.

4. Conclusion
The conversion method was used to create new cimemoxin derivative multicomponent

compounds (la—-i) in high yields using a single-pot Mannich base that does not require

11




catalysis. This procedure is economical, and yields reasonable results. In this study, the
cytotoxic, antioxidant, and antibacterial activities of nine cimemoxin compounds were tested.
Compounds 1h were very effective at scavenging DPPH and H20z, and compound 1¢ was very
effective at scavenging NO. Compared to the Trolox standard, compound 1f was much more
active in the ABTS™ and AAPH tests. Compound 1h (ICso = 15.16 pg/mL) was highly active
against the standard BHT and other compounds. In comparison to regular kojic acid,
compounds 1f dramatically reduced cytotoxic activity, while compounds 1f (Glso =0.12 +0.04
#M) displayed highly active MCF-7 cancer cell line while no effect against normal Vero
cancerous cells. Screening for in vitro antibacterial activity showed that compound 1d was
more active against K. pneumoniae than the standard ciprofloxacin and other compounds. In
molecular docking, compounds 1h and 2Y9X protein, docked in antityrosinase activity,
produced a high docking score (-4.3 keal/mol), and compounds 1d and 6B 1P protein, docked
in antibacterial activity, produced a high docking score (-6.4 kcal/mol). Further study is
required because lead compounds 1d and 1h constitute a new class of highly effective

cytotoxic, antibacterial, and antioxidant agents.
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Table 1. DPPH scavenging activity of compounds (1a-1i)

Compounds Concentration(pg/mL)?, % activity ICso
10 peg/mL 25 pg/mL 50 ppg/mL 100 pg/mL | (pg/mL)

1a 2620+0.10 | 45.15+0.01 | 63.13+£005 | 72.11+0.17 4257
1b 3244 £0.13 | 4802031 | 65.01x0.19 | 8201 +002 33.18
1c 1246 £045 | 2821 +£0.07 | 44.10£0.02 | 52.62+009 83.86
1d 19.10£0.51 | 2409+0.05 | 49.12+001 | 56.06+0.11 76.48
le 2101 £003 | 44.1+£003 | 62.02+0.11 | 78.20+0.00 4397
1f 30.13+£003 | 4563+£0.02 | 63.0420.05 100 + 0.00 3349
1g 032+0.02 | 1820+£0.02 | 2820+0.09 | 32.66+027 > 100
1h 38.10+027 | 5621+0.07 | 76.04+0.21 100 + 0.00 19.62
1i 28.10+0.12 | 4301+0.10 | 66.10+0.11 | 81.21+0.20 38.22
BHT 2208 £001 | 5427+0.22 | 70.30x034 | 8231+025 33.88

* Value expressed are means + SD of three different experiments
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Table 2 Hydrogen peroxide (H20:2) scavenging activity of compounds (1a-1i)

Compounds Concentration ( ug/mL)?, % activity ICso
10 25 50 100 ( pg/mL)

1a 2520+0.03 42.12+0.02 6320002 | 72.10+0.02 44.19
1b 3301+£0.24 61.25 £0.51 7209+0.13 | 83.16=+0.10 2047
1c 2107+0.10 43.07+£022 62.10+£0.01 | 72.13+0.03 47.02
1d 3322+ 006 46.09 +0.05 53.10+0.01 | 6601=+0.03 4742
le 1901 +£0.01 28.10 £0.03 4962+0.02 | 51.62+0.00 82.26
1f 32.12+£0.26 44.10 £0.03 6101+£0.06 | 7201+0.02 4085
1g 1344+0.19 29.22 +£0.10 3560+£0.22 | 4425+0.21 >100
1h 42.10+0.27 54.10 £0.07 8803+ 0.01 100 +0.00 13.79
1i 18.04 +0.12 29.10 £ 0.02 3402+0.14 | 4938 +0.00 >100
BHT 2902+0.03 59.01 £ 1.02 6851+0.02 | 82.17+0.77 27.16

# Value expressed are means + SD of three different experiments
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Table 3 NO scavenging activity of compounds (1a-1i)

Compounds Concentration ( ug/mL)?, % activity ICso
10 25 50 100 (pg/mL)

1a 1790+ 001 | 3229+0.12 | 4723 +0.07 5141 +004 83.44
1b 2661001 | 5251021 | 67.16+0.10 78.12 £0.16 3423
1c 3230+0.55 | 58.01+0.03 | 72.02+0.04 86.10 £ 0.08 23.58
1d 2210+ 002 | 46.17+0.11 | 5940+0.31 69.10 £ 0.02 48.00
le 1802+001 | 39.12+0.02 | 60.03+0.01 76.10 £ 0.02 49.02
1f 2220+ 001 | 4736020 | 60.07+0.16 72.04 £0.10 4539
1g 1001+£0.02 | 2221006 | 36.12+0.02 4421 +£0.20 >100
1h 206007 | 39.11+£003 | 47.13+0.19 58.23 £ 0.00 67.82
1i 1940+001 | 25.10+£0.10 | 33.02+0.04 49.36 £0.00 =100
BHT 2803+002 | 53.16+0.02 | 67.65+0.01 83.32+051 31.73

#Value expressed are means + SD of three different experiments
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Table 4. ABTS** and AAPH activities of compounds (1a-1i)

Compounds | Percentage of activity (%)*
ABTS™ AAPH

la 80.10+0.02 | 79.20+001
1b 82.19+£0.10 | 82.11+0.31
1c 78.03+0.12 | 86.20+0.14
1d 80.32+050 | 8024 +0.12
le 02.18+001 | 92,12+ 001
1f 99.08 002 | 97.30+0.10
1g 93.05+003 | 9402+042
1h 0232+036 | 9201 +£0.04
1i 93.50+001 | 90.33+005
Trolox 8528097 | 62.39+0.35

“Value expressed are means + SD of three different experiments




Table 5.Antityrosinase activity of the compounds (1a-1i)

Compounds Concentration(pg/mL)*
ICso(pg/mL)
10 pg/mL 25 pg/mL 50 pg/mL 100 pg/mL
la 22.13£0.13 | 3502+0.03 4501 £006 54.13+0.14 79.61
1b 20.1740.13 | 42.10+0.31 5250+0.02 66.15+ 004 52.78
1c 18.60£003 | 26.13x0.16 4820+ 0.14 5712+ 024 75.08
1d 26.14£0.11 | 44.10+0.65 66.10 £0.12 88.23 +0.04 37.01
le 16.10£0.17 | 2481+0.26 4216 £ 046 53.19+0.12 85.27
1f 29.04+0.16 | 48.69+0.11 54.19+0.16 72.13 £0.02 43 .88
1g 13.05£0.28 | 27.10+0.12 40.10+£ 007 65.10+£ 003 70.77
1h 34.04+0.11 | 6420+0.65 84.10+0.19 100 +0.00 15.16
li 16.09+0.18 | 27.10+0.19 4302+003 59.09+0.14 75.55
Kojic acid | 42.38+0.02 | 5569+0.22 68.18 £ 049 84719+ 0.36 17.79

“Value were the means of three replicates + SD, -; No active




Table 6. Cytotoxicity activity of compounds (1a-i)

Compounds MCEF-7 cell line Vero SI®
Glso TGI LCso LCso
(pg/mL)* (pg/mL)* (pg/mL)* (pg/mL)*
la 1005 +£0.01 | 23.12+0.09 44.10+ 0.02 46.02+001 1.49
1b 19.11 £0.14 | 3692+0.13 52.10+0.01 57.10 £0.12 1.06
1c 2642 +0.13 | 4890+ 0.42 58.00+0.11 65.10 £0.05 1.05
1d 24.10 £0.50 | 42.10+0.32 53.01+0.17 29.10 £0.08 1.08
le 001000 | 009+001 040001 12.13 £0.06 55.62
1f 001+000 | 006+007 0.12+004 16.16 £0.51 4292
1g 002+0.00 | 042+004 0.69+£0.06 22.61 £0.70 61.62
1h 022+0.01 0.36+0.01 1.69 £0.05 19.96 + 1.71 2941
1i 1.19+0.26 3.05+002 7.16 £0.17 36.02 £0.05 8.87
Doxorubicin | 002+0.00 | 021=+001 074001 20.15+0382 54.62

“Data represent the mean + standard error of the mean values of three separate experiments.

bSI = Selectivity Index = [Cso value normal cell / ICso value cancer cell.




Table 7. Antibacterial screening for compounds 1a—1i

Compounds S. aureus K. pneumonia E. coli P. aeruginosa
la 32 16 16 32
1b 4 16 8 8
1c 4 32 8 8
1d 2 0.5 2 1
le 4 4 4 4
1f 2 16 8 4
1g 8 16 4 2
1h 4 16 16 2
1i 8 32 4 2
Ciprofloxacin 4 16 4 2

MIC (ug/mL) =Minimum inhibitory concentration




Table 8 Molecular docking results of compound 1h, 1d, and 1f docked with 2Y9X

S.No | Compound name | Dock Score Interacting residues Bond Length
1 1d -3.5 Asp312,Lys 376, Lys 379(2) | 2.13,3.52,2.58,3.40
2 1f -29 Asp 312, Lys 379 2.23,4.10
3 1h 43 Asp 312,Glu 356, Lys 379(2) 196,2.07,2.40,2.42
4 Kaojic acid -3.8 Gln 307, Asp 357, Trp 358, 1.80,1.92,3.78,
Lys379 1.96

Table 9 Molecular docking results of compound 1d, 1h, and 1f docked with 6B1P

S.No | Compound name | Dock Score Interacting residues Bond Length
1 1d -64 Arg 80, Arg 157 4.91,2.55
2 1f -5.5 Phe 141, Ala 153, Arg 157 | 4.97,2.19,2.44
3 1h -5.8 Arg 80, Phe 128, Arg 157 | 4.72,462,2.15
4 Ciprofloxacin -6.3 [le172, Argl75 Lys210 234,227,229,
2.74,3.08
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