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ABSTRACT. In the present work, bio-based ZnO nanoparticles were prepared using environmentally friendly
methods. FTIR, XRD, and TEM illustrated the chemical structure of the prepared NPs. The nano ZnO was used as
a catalyst to prepare xanthene compounds in one-step reactions by mixing two moles of dimedone and aromatic
aldehyde under solvent-free conditions at 60-70 °C. After the specified time for the completion of the reaction, the
products were separated and their structural forms were confirmed using IR, NMR and MS. The prepared xanthene
derivative compounds undergo biological evaluation as COX1, COX2 and 5-LOX inhibitors. For example, it was
noticed that ligand 6 inhibited the activities of COX-1 and COX-2 by 77.28+0.18 and 79.53+0.18 %, respectively.
Compared to the standard indomethacin (a nonsteroidal anti-inflammatory drug), which inhibited the activities of
COX-1 and COX-2 by 85.20+0.01 and 87.35+0.01 %, respectively. Also, ligand 6 presented the lowest ICs, values
(5.96+0.04, 5.27+0.02 and 7.77+0.03 mg/mL, respectively) against COX-1, COX-2 and 5-LOX enzymes. Based on
the data obtained from DFT (density functional theory) calculations, docking studies, and biological evaluations as
inhibitors of COX-1, COX-2, and 5-LOX enzymes, it was determined that four derivatives (4, 6, 7, and 10) have
potential for in vivo anti-inflammatory testing.
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INTRODUCTION

A novel approach to catalysis and "green" chemical synthesis, nano catalysis was introduced in
the 21% century [1]. These catalysts are attractive alternatives to conventional ones because of
their excellent selectivity, high catalytic activity, large surface-to-volume ratio, and often greater
stability. They can significantly affect organic synthesis by functioning as semi-heterogeneous
catalysts [2, 3]. Zinc oxide has recently become a fascinating metal oxide material due to its
distinct physical and chemical characteristics like excellent chemical and mechanical stability,
strong catalytic activity, coefficient of electrochemical coupling, wide radiation absorption
capabilities, and non-toxic characteristics [4]. It also exhibits distinctive optical, electrical,
photochemical, or catalytic capabilities, which is why zinc oxide nanoparticles ZnO-NPs are used
in various biological and commercial applications. They protect wood and textiles from ultraviolet
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degradation [5]. Additionally, ZnO-NPs possess the ability to inhibit harmful bacteria and are
produced through environmental methods [6]. ZnO-NPs serve as a cross-linking agent and
treatment activator within the rubber industry, facilitating an accelerated vulcanization process
for rubbers utilized in the production of balloons, tires, rubber products, as well as industrial and
medical gloves [7]. Due to their diverse applications, the scientific community highly values the
production of ZnO-NPs. Several methods have been developed to synthesize ZnO-NPs,
categorizing them as physical, chemical, or green approaches. The chemical process includes
solvothermal methods, sol-gel, chemical bath deposition, hydrothermal, wet techniques,
microemulsion, spray pyrolysis, and precipitation [8]. The physical techniques are magnetron
sputtering, pulsed laser deposition, electron beam evaporation, and electrodeposition [9]. It is
noted that most methods require expensive chemicals and also have notes on their degree of
toxicity. Hence, the green pathway by using a capping agent for stabilizing nanoparticles will be
presented in this research.

Multicomponent reactions MCRs continue to be a valuable option in organic synthesis serving
a wide range of applications including medicinal chemistry, drug discovery, green chemistry,
polymerization, and related fields [10-12]. MCRs exhibit a high degree of convergence and
demonstrate favorable atom, step, and pot economy. However, due to the limited number of
MCRs documented in the literature, employing post-condensation modifications represents an
effective approach to broaden the range of MCRs and develop novel and more complex molecular
structures [13-16].

Xanthene's heterocycles and their derivatives are an important class of natural products, that
exhibit a wide range of biological activities including anti-inflammatory [17], anti-malarial, anti-
depressant agents [18], photosensitizers in photodynamic therapy [19], anti-bacterial [20], and
anti-viral [21]. It can be used in industrial sectors as fluorescent material [22], dyes [23], and laser
technology [24]. Several techniques have been reported for the synthesis of xanthenes and their
derivatives, such as the cyclic acylation process of carbamates [25], the capture of benzynes by
phenols [26], cyclodehydrations [27], intra-molecular phenyl—carbonyl coupling reactions [28],
and the reaction of aryloxy magnesium halides with triethyl orthoformate [29]. The synthesis of
xanthene can be facilitated by a variety of catalysts, including silica sulfuric acid [30], triethyl
benzyl ammonium chloride [31], amberlyst-15 [32], and NaHSO4-SiO, [33]. The drawbacks of
these methods associated with these techniques include the reliance on costly and hazardous
reagents/ organic solvents /catalysts, extended reaction times, creation of toxic by-products, and
low yields. To overcome the mentioned limitations along with the increasing environmental
concerns, there is a significant potential for the development of enhanced, practical, and eco-
friendly methods for the synthesis of xanthenes and their derivatives.

EXPERIMENTAL

The stabilizer compounds, propylene glycol, aloe vera, jojoba oil, caprylic/capric triglyceride, and
flaxseed gel labeled as "natural", were bought from Sigma Aldrich. Purchased from a nearby
marketing company called "PioChem" were ZnCl,, NaOH, and MeOH.

Green synthesis of ZnO-NPs

Initially, 10 g of a natural substance with stabilizing or emulsifying properties were combined
with 10 mL of MeOH and mixed for 15 min. Subsequently, 3 g, equivalent to 0.02 mol, of ZnCl,
were introduced. With vigorous stirring, a burette was used to slowly add an alkaline solution (40
g of NaOH in 100 mL water) to the mixture of ZnCl, and natural compound. Following the
addition, the reaction was left to stir at room temperature for the entire night. A white solid was
formed, filtered, and then rinsed with distilled water to purify it. Following this, the solid was
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subjected to two different drying steps: one at 100 °C for 18 hours and another at 400 °C for 4
hours.

Characterization of ZnO-NPs

Zinc oxide nanoparticles (ZnO-NPs) were analyzed for morphology using transmission electron
microscopy (TEM), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy
(FTIR).

Chemicals and instrumental analysis

Gallenkamp, a German device, was used to measure the melting points. The infrared spectra (KBr)
were recorded using Thermo Fisher Nicolet iS10 in the USA. The 'H NMR and *C NMR spectra
were recorded using two different spectrometers: Bruker Avance III: '"H NMR: 400 MHz, '3C
NMR: 100 MHz and Jeol: 'H NMR: 500 MHz, *C NMR: 125 MHz. The NMR measurements
were performed with solvents DMSO-dg and chloroform. The Kratos MS device he used captured
mass spectra in EI mode with an ionization voltage of 70 eV. Elemental analyses were performed
using an instrument analyzer from the EuroVector (EA3000 series). TLC was employed for
monitoring the reaction mixture, while silica gel-coated plates were illuminated with UV light for
visualization purposes.

Organic reaction procedure

Aldehydes (10 mmol), dimedone (20 mmol), and 0.2 g, 25 mol percent of ZnO-NPs were mixed
and keep to stirring at 60-70 °C. The progression of the reaction was monitored with thin layer
chromatography (TLC) until the initial components were no longer visible. The organic product
was extracted using 20 mL of chloroform, followed by the purification of the products through
recrystallization in ethanol as solvent.

4-(3,3,6,6-Tetramethyl-1,8-dioxo-2,3,4,5,6,7,8,9-octahydro-1H-xanthen-9-yl)phenyl ~ benzoate
(7). Yield = 95%, m.p. = 185-190 °C, pale orange powder. IR (v/cm!):1733 (-O-C=0), 1575-
1595 (enone + Ar. -C=C-). 'H NMR (8/ppm); (CHCl3): 12.10 (enolic O-H), 7.61-7.09 (m, 9H,
ArH), 4.67 (s, 1H, -CH), 2.37 (s, 4H, 2x-CHy>), 2.33 (s, 4H, 2x-CHy,), 1.08 (s, 12H, 4x—CHs). 1*C
NMR (6/ppm); (CHCl3): 190.92-189.25 (2 C=0), 165.08 (ester O-C=0), 148.80 37 (2C, =C-O-
C=), 133.45-121.26 (13 Ar. C), 115.43 (=C-C=0), 46.65 (methylene 2x CH,-C=0), 32.25 (1 C),
31.36 (methylene 2x CH>)), 29.55 (quaternary 2 C-CH3), 27.36 (4 CHs). MS (EI) m/z = 470[M]".
Anal. calcd. for C30H300s (470.21): C, 76.57; H, 6.43; O, 17.00%. Found: C, 76.43; H, 4.33; O,
16.92%.

4-(3,3,6,6-Tetramethyl-1,8-dioxo-2,3,4,5,6,7,8,9-octahydro- 1 H-xanthen-9-yl)phenyl 4-
methylbenzoate (8). Yield = 93%, m.p. = 165-180 °C, Pale yellow powder. IR (v/em™): 1734
(-O-C=0), 1570-1590 (enone + Ar. -C=C-). 'HNMR (8/ppm); (DMSO): 7.99-6.99 (m, 8H, Ar.H),
4.61 (s, IH,—CH), 2.40 (s, 3H, —CHj3), 2.23 (s, 4H, 2xCH,), 2.22 (s, 4H, 2x—CH,), 1.00 (s, 12H,
4xCHj3). 3C NMR (8/ppm); (DMSO): 187.38 (C=0), 164.68 (ester O-C=0), 147.69 (HO-C=C-
H), 144.37 (2C, =C-0O-C=), 129.78-114.44 ( 14 Ar.C+ olefinic H-C=C-OH)), 47.54 (methylene,
2x CH,-C=0), 31.24 (methylene, 2x CH>-C=C)), 30.98-30.16 (quaternary 2x C-CH; - 1C), 28.09
(4 CH3), 21.27 (Ar-CH3). MS (EI) m/z = 484 [M]". Anal. calcd. for C3;H3,0s (484.22): C, 76.84;
H, 6.66; O, 16.51%. Found: C, 76.73; H, 6.55; O, 16.41%.

4-(3,3,6,6-Tetramethyl-1,8-dioxo-2,3,4,5,6,7,8,9-octahydro-1H-xanthen-9-yl)phenyl 4-
methylbenzenesulfonate (9). Yield = 98%, m.p. = 160-170 °C, pale yellow powder. IR (v/cm™):
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1570-1600 (enone + Ar. -C=C-). 'H NMR (8/ppm); (DMSO): 7.69 - 6.79 (m, 8H, ArH), 4.33 (s,
1H, —-CH), 2.39 (s, 3H, —CHj3), 2.26 (s, 4H, 2x—CH,), 2.25 (s, 4H, 2x—CH,), 0.98 (s, 12H, 4x—
CHj3). 3C NMR (8/ppm); (DMSO): 187.14 (2 C=0), 146.46-145.85 (2C, =C-O-C=), 130.19 -
114.15 (14 Ar.C), 46.79 (methylene, 2x CH»-C=0), 32.56-31.25 (methylene, 2x CH,-C=C + 1C),
30.35 - 29.08 (quaternary 2x C-CHj3), 27.84 (4 CHs), 21.17 (Ar-CH3). MS (EI) m/z = 520 [M]*.
Anal. calcd. for C30H3046S (520.19): C, 69.21; H, 6.20; O, 18.44; S, 6.16%. Found: C, 69.11; H,
6.11; 0, 18.34; S, 6.09%.

9-(3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-3,3,6,6-tetramethyl-3,4, 5,6, 7,9-hexahydro-
1H-xanthene-1,8(2H)-dione (10). Yield = 98%, m.p. =185-200 °C, Yellow powder. IR (v/cm'):
1560 - 1585 (amide + enone + Ar. -C=C-). 'H NMR (8/ppm); (DMSO): 7.77 - 7.26 (m, 10H,
ArH), 4.55 (s, 1H, —~CH), 2.05 (s, 4H, 2x~CH,), 2.03 (s, 4H, 2x~CH,), 0.97 (s, 12H, 4x—CHj3). *C
NMR (8/ppm); (DMSO): 186.34 (2 C=0), 149.09 (2C, =C-O-C=), 139.88 (C=N), 130.51 - 114.43
(16 Ar.C), 46.85 (Methylene, 2x CH,-C=C), 32.12 (1C), 30.88 (Methylene, 2x CH,-C=C), 27.68
(quaternary 2x C-CHj3), 22.90 (4 CH3). MS (EI) m/z = 526/528 [M/M*+2]. Anal. calcd. for C3;Hj,
CIN:20s (526.20): C, 72.92; H, 5.93; N, 5.32; Cl, 6.73; O, 9.11%. Found: C, 72.81; H, 5.82; N,
5.22; Cl, 6.63; O, 9.02%.

RESULTS AND DISCUSSION

Lately, significant efforts have been made to broaden the scope of the synthesis of 1,8-dioxo-
octahydroxanthene derivatives by catalytic condensation of dimedone and different aldehydes
under suitable conditions like, solvent free, and using available, effective, recyclable, easily
prepared nanoparticle catalyst. Nanoparticles often clump together due to their high surface
energies, leading to larger particles with less surface area. Consequently, fewer surface-active
sites became available in the catalyst. Stabilizing agents including surfactants or polymers are
often employed to prevent nanoparticles from aggregating, while also potentially serving as
functionalizing agents. Surface-modifying processes also lead to alterations in the electronic
structure of the nanoparticle, which in turn impacts their catalytic activity. At present,
conventional heterogeneous catalysts are being increasingly replaced by nanoparticles [34].
Smaller nanoparticles have larger surface areas and more exposed active sites. Nanoparticles
possess greater contact surfaces with reactants, resulting in higher catalytic activity compared to
traditional heterogeneous catalysts.

In this research we will discuss ZnO-NPs as one of the most important nanoparticle catalysts.
Our research team synthesized ZnO-NPs by green way. An organic emulsifier with a polar moiety,
such as a hydroxyl group, is necessary for the synthesis of ZnO at nanoparticle size, as shown in
the present work. Additionally, propylene glycol, aloe vera, jojoba, caprylic, and flaxseed gel are
ingredients we incorporate without using a stabilizer or emulsifier. In the supersaturated solution,
the levels of Zn*" and hydroxide ions rise, leading to the formation of larger and more
heterogeneous ZnO particles through aggregation. The amount of stabilizer is critical for
nanoparticle size, particularly with a high NaOH concentration. A higher concentration of
stabilizer is required to achieve nanoparticles of the appropriate size, as a lower concentration
produces larger nanoparticles. The ZnO-NPs were analyzed using TEM, XRD, and FTIR
spectrophotometry.

Characterization for zinc oxide NPs

FTIR spectrophotometry (Figure 1) was utilized to analyze zinc oxide nanoparticles (ZnO-NPs)
in various samples emulsified with different substances. The goal was to investigate the
interaction between ZnO-NPs and the emulsifiers. Propylene glycol (a): FTIR analysis showed
characteristic peaks associated with the C-H stretching, C-O stretching, and O-H bending
vibrations of propylene glycol. These peaks provided insights into the interaction between
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propylene glycol and the ZnO-NPs. Aloe Vera (b): The spectra for aloe vera exhibited peaks
related to hydroxyl groups (O-H stretching), C-H stretching, and C=0 stretching, reflecting its
polysaccharide and flavonoid content. The interaction between aloe vera and ZnO-NPs was also
analyzed. Jojoba (c): Jojoba oil’s FTIR spectra showed typical peaks for wax esters, including
C-H stretching, ester linkages (C=0), and lipophilic characteristics. The study focused on how
jojoba oil modified or stabilized the ZnO-NPs. Caprylic Acid (d): Caprylic acid’s FTIR spectra
revealed peaks associated with carboxyl groups (C=O stretching), O-H bending, and C-H
stretching, providing insights into how it interacted with the ZnO-NPs. Flaxseed Gel (e): Flaxseed
gel exhibited peaks related to O-H stretching, C-H bending, and C=O stretching, corresponding
to its polysaccharide and lipid content. The FTIR data helped understand how flaxseed gel
interacted with the ZnO-NPs. The FTIR spectra helped to determine functional group interactions,
surface modifications, and the overall stability of the ZnO-NPs in the presence of these
emulsifiers. Each emulsifier influenced the nanoparticles in different ways, as reflected in the
shifts or appearance of specific peaks in the spectra.

propylene gly Aloe Vera jojoba oil caprillic flaxeed
3570 - 3370] 2995 - 2789, 1792 - 1324 890 - 565

-

%% Transmittance

T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (Cm™)

Figure 1. FTIR for analyze the interaction between ZnO-NPs and various emulsifiers. Each
sample was represented by a different color.

In recent times, modern techniques like transmission electron microscopy (TEM), which uses
transmitted electrons to create images, can assist in recognizing and visualizing tiny particles
of various materials through high-definition images. Micrographs from the TEM/SAED analysis
of ZnO-NPs produced using environmentally friendly techniques in a variety of natural
emulsifiers demonstrate the formation of crystalline structures such as flags and roads (Figure 2).
Depending on the kind of emulsifier used, the nanoparticle sizes change. The size of the
nanoparticle falls within the range of 20-40 nm.
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E

Figure 2. The transmission electron microscopy (TEM) of ZnO-NPs prepared using different
emulsifiers. The figure includes several images and data points for various emulsifiers
such as: (a) Aloe vera, (b) propylene glycol, (¢) caprylic, (d) Jojoba, (e) flaxseed gel and
(f) SAED pattern (selected area electron diffraction).

Frontier molecular orbitals (FMOs)

FMOs calculations were presented as an application that reflects many significant aspects about
the distribution of electrons in the prepared compounds. The gap energy of xanthenes is important
because it influences their electronic, optical, and chemical behavior, which in turn affects their
applications in various fields like material science, chemistry, and electronics. Understanding and
calculating this energy gap can help in designing better materials for a wide range of technologies,
from sensors to advanced organic electronic devices. The LUMO orbitals were highly distribution
on xanthene moiety with no distribution on others. Compound 9 HOMO plots m-orbitals were
highly distributed on xanthene, sulfonate, and phenyl groups except for methyl group but the
opposite for LUMO. Compound 10 shows the highest m-orbitals contribution on phenyl, Cl,
and pyrazole ring with no other contribution. While, it’s LUMO-orbitals show a high contribution
on xanthene moiety but no other contribution. The above findings were illustrated in the Exomo
and ELumo values, in Table 1. The Egomo values, which varied from 5.65 to 6.48 eV, were close

Bull. Chem. Soc. Ethiop. 2025, 39(9)



Natural oils as emulsifying agent in the eco-friendly preparation of nano ZnO 1785

to each other, but ELumo values ranged from 1.59 to 2.40 eV. In which 5-nitro furfural derivative
6 shows (Figure 3) the highest Exomo and the lowest Erumo. The values of the HOMO-LUMO
energy gap (AEn.r) ranged between 3.48 to 4.38 eV.

Table 1. The obtained theoretical HOMO energy (Enomo), LUMO energy (ELumo), HOMO-LUMO energy
gap (AEH-L) in eV.

Molecules Enomo ELumo AEn.L
1 -5.98 -1.61 4.37
2 -6.04 -1.62 4.42
3 -5.71 -1.59 4.11
4 -6.18 -1.79 4.38
5 -6.08 -1.76 4.31
6 -6.48 -2.40 4.07
7 -5.88 -1.66 4.22
8 -5.85 -1.65 4.20
9 -6.35 -1.97 4.38
10 -5.65 -1.81 3.84

-
oS | o catee
o Y
Optimized structure v *

gnd

LUMO (-1.79 €V)
Figure 3. Optimized structure, HOMO and LUMO distribution patterns of xanthene derivative 6.
Organic reaction

The xanthene derivatives were successfully synthesized by utilizing the ZnO-NPs as an efficient
catalyst. The optimization of the reaction step occurred before the reaction, as outlined in Table
2. The resulting data showed that the ideal condition for this work involves utilizing a small
amount of the ZnO-NPs in the reaction mixture of different aromatic aldehydes, dimedone, with
stirring at 60-70 °C without the need for a solvent, and at the specific duration (Table 3, Scheme
1). Xanthene derivatives (1-10) were synthesized, purified, and identified using various
spectroscopic techniques (as detailed in the experimental section). The information presented in
Table 3 indicates that the type of substituent in aldehydic rings impacts mainly in the reaction
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time. The electron-releasing groups such as methyl group required a longer time compared with
the electron withdrawing groups Cl, Br, NO, and sulfonate in the aldehydic ring.

Table 2. Optimization reaction among p-chlorobenzaldehyde (1 mol), and dimedone (2 mol) model example.

Entry Catalyst Time (min) Solvent Temp. °C Yield %
1 Sm205/Si0z2 (20 mol %) 90 Free 60-70 60
2 ChCl1-Ox (1:2) (0.5 mL) 15 ChCl1-Ox 60 92
3 NH4Cl (20 mol%) 120 Free 120 84
4 Ascorbic acid (15 mol %) 20 Free 70 86
5 ZnO (25 mol %) 60 Free 60-70 83
6 Zn0O NPs (25 mol %) 20 Free 60-70 98
7 none 120 Free 60 Trace

Table 3. The reaction of 1 mol aromatic aldehydes and 2 mol dimedone (5,5-dimethyl-1,3-cyclohexanedione)
to yield 1,8-dioxo-octahydroxanthene derivatives.

Comp. Aromatic aldehydes Yields% Time M.P.

(min) (°C) Found [Ref]
1 4-Methylbenzaldehyde 90 150 170 -175 [35]
2 3-Methylbenzaldehyde 88 120 175-185 [36]
3 3-Methoxybenzaldehyde 95 90 164- 170 [37]
4 4-Chlorobenzaldehyde 98 20 220- 225 [37]
5 4-Bromobenzaldehyde 98 40 230-235 [37]
6 S5-Nitrofuran-2-carbaldehyde 90 40 150-155 [38]
7 4-Formylphenyl benzoate 95 30 185-190
8 4-Formylphenyl 4-methylbenzoate 93 60 175-180
9 4-Formylphenyl 4-methylbenzene 98 20 160-170

sulfonate
10 3-(4-Chlorophenyl)-1-phenyl-1H- 98 30 194-200
pyrazole-4-carbaldehyde

The general reaction equation and the proposed method for the catalytic production of
octahydroxanthenediones highlight the catalyst's pivotal role in activating the carbonyl carbon of
an aldehyde, initiating the process. The procedure involves the placement of a pair of carbonyl
oxygen electrons into the catalyst's vacant orbital, enabling benzaldehyde to function as an
electron donor and facilitating the reaction. Initially, dimedone, which exists in a ketone-enol
equilibrium due to the presence of an acidic hydrogen, undergoes a Knoevenagel condensation
reaction with benzaldehyde, forming an intermediate (1). Subsequently, dimedone's proton,
positioned favorably relative to “OH, benzaldehyde, promotes water removal and aids in aldol
formation. The addition of a second dimedone molecule results in the formation of an intermediate
(2) through a Michael addition reaction. The mechanism promotes xanthene formation. The
reaction was investigated to explain the potential of this catalytic process in yielding high amounts
of octahydroxanthenediones. Refer to Table 3, and Scheme 1 for an overview of the structures,
melting points, yields, and reaction times of compounds (1-10). Also, one of the routine steps in
this type of reaction is measuring the recyclability degree of the catalyst and its efficiency.
Therefore, the catalyst was filtered, dried, and reused, and no change occurred in its efficiency,
even after this was repeated three times.
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Scheme 1. The proposed reaction mechanism.
Biological activity and molecular docking

Drug discovery and development require very complicated steps, and in recent years, many
scientific groups have used modern computer technologies to facilitate these steps and save time
and money. Molecular docking software technologies help many scientific groups to achieve their
research in drug discovery and development fields [39-43] the 3D structure of the targeted
enzymes downloaded from the PDB website (enzymes ID code: 6y3c, Skir and 3v99 for COX-1,
COX-2 and 5-LOX respectively) and the software is MOE2015. Inflammation control is
considered a big challenge related to the interference of many factors and enzymes. The COX-1,
COX-2 and 5-LOX enzymes are catalysts in the formation of prostaglandins and leukotrienes
which are endogenous factors that cause inflammation and pain.

Many COX-1 and COX-2 inhibitors (NSAIDs), such as ibuprofen, zileuton, indomethacin,
and others, are very effective and widely used today. However, they all have the same side effects,
such as peptic ulcers, hemorrhage, hypertension, kidney damage, and asthma, so all research
groups are trying to develop this type of medication. The work that has been presented is regarded
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as an initial investigation into the development of a novel anti-inflammatory medication with
lower side effects. The presented study started by docking evaluation using MOE software and
reference molecules indomethacin and zileuton. The data obtained in Table 4 showed the energy
score calculation in kcal/mol that represents information about the binding strength between the
prepared ligands and targeted enzymes COX-1, COX-2 and 5-LOX. Most of the prepared ligands
give promising low energy values compared with reference molecules especially against COX-2
and 5-LOX more than COX-1. The less effective values towards COX-1 were explained by the
conformation of the active site and steric hindrance for the prepared ligands.

Table 4. The energy scores values for binding between ligands and COX-1, COX-2 and 5-LOX.

Ligand E-score kcal/mol E-score kcal/mol E-score kcal/mol
(COX-1) (COX-2) (5-LOX)
L1 -6.27 -7.64 -7.30
L2 -6.51 -7.45 -7.31
L3 -6.48 -7.49 -7.02
L4 -5.58 -7.60 -6.67
L5 -6.37 -7.59 -7.57
L6 -6.49 -7.24 -7.42
L7 -6.63 -5.78 -7.74
L8 -6.63 -6.07 -8.69
L9 -7.04 -6.90 -8.08
L10 -6.60 8.05 -7.87
Zileuton -5.52 -5.94 -5.79
Indomethacin -6.35 -6.15 -7.012

From the two-dimensional photos (Figure 4) we can discover the amino acid residues at active
side in COX-1, COX-2 and 5-LOX enzymes binding with L6. As a model example for three-
dimensional diagrams, the interaction between L6 and COX-2 showed that the main binding
residues are ARG 513 and SER 353. The distance between nitro in L6 and ARG 513 is explained
in (2.21 A).

) (3 & @ s ) @
@":: ‘EI = 3 @ 2 ¥
a0 o . S 4 )
i @ L= ! tl )] @ »
l_v _ & S - N ¢ - s
L6 (COX-1) L6 (COX-2) L6 (5-LOX)

Figure 4. The binding active site in (COX-1 and COX-2).
Anti-inflammatory activity

Cyclooxygenase (COX) and lipoxygenase (LOX) are essential enzymes necessary for the
conversion of arachidonic acid to eicosanoids, which play a crucial role in initiating
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immunological responses, causing inflammation, and resolving inflammation [44]. COX has two
isoenzymes, COX-1 and COX-2, which differ in many aspects and are responsible for the
production of prostaglandins that play an important role in inflammation [45]. COX-1, COX-2,
and 5-LOX are key pro-inflammatory enzymes involved in arachidonic acid metabolism [46].
While COX enzymes lead to the production of prostaglandins, 5-LOX catalyzes the formation of
leukotriene B4, a mediator of inflammation and related diseases. Inhibiting 5-LOX can reduce
leukotriene levels, potentially lowering the risk of cardiovascular and gastrointestinal issues [47].
The data depicted in Table 5 show the inhibitory effect of all the synthetic compounds on the
activities of COX-1, COX-2, and 5-LOX enzymes. The derivative (6) showed the highest
inhibitory effect on the activities of these enzymes at an equal concentration (1000 pg/mL)
compared to the other tested compounds. It was noticed that (6) inhibited the activities of COX-1
and COX-2 by 77.2840.18 and 79.53+0.18%, respectively, followed by the derivatives (4)
(58.28+0.10 and 60.53+0.10%, respectively), (4) (58.36+0.10 and 60.61+0.10%, respectively),
and (10) (58.45+0.10 and 60.70+0.10%, respectively). The derivatives (2) (49.55+0.05 and
51.80+0.05%, respectively) and (1) (49.61+0.03 and 51.86+0.03%, respectively) showed lower
inhibitory effects compared to the standard indomethacin (a nonsteroidal anti-inflammatory drug),
which inhibited the activities of COX-1 and COX-2 by 85.20+0.01 and 87.35+0.01%,
respectively, at the same concentrations. Regarding the activity of the 5-LOX enzyme, it was
found that (6) inhibited the activity of this enzyme by 64.38+0.18%, followed by the derivatives
(4) (45.38+0.10%), (7) (45.4+0.10%), and (10) (45.55+0.10%). The derivatives (2)
(36.65+0.05%) and (1) (36.71+0.03%) also showed lower inhibitory effects compared to the
standard Zileuton, which inhibited the activity of this enzyme by 72.20+0.01%. The other
synthetic derivatives (4, 6, 7, and 10) showed the lowest inhibitory effect on the activities of COX-
1, COX-2, and 5-LOX enzymes. Regarding the ICso values, a low I1Cs indicates a higher inhibition
percentage against the activities of COX-1, COX-2, and 5-LOX enzymes and hence higher anti-
inflammatory activity. Therefore, the lowest ICso values against COX-1, COX-2 and 5-LOX
enzymes were found with the compounds (6) (5.96+0.04, 5.27+0.02 and 7.77+0.03 mg/mL,
respectively), followed by the derivatives (4) (7.90+0.07, 6.92+0.02 and 11.02+0.05 mg/mL,
respectively), (7) (7.89+0.07, 6.91+£0.02 and 11.00+0.05 mg/mL, respectively), and (10)
(7.88+0.07, 6.90+0.02 and 10.984+0.05 mg/mL, respectively) compared to the corresponding
standards (5.41+0.04, 4.80+0.01 and 6.93+0.02 mg/mL, respectively) which showed a lower I1Cso
value. The derivatives (2) (9.30+0.07, 8.09+0.02 and 13.64+0.05 mg/mL, respectively) and (1)
(9.28+0.06, 8.08+0.02 and 13.62+0.03 mg/mL, respectively) showed higher ICsy values.

Table 5. In vitro anti-inflammatory activity at equal concentrations (1000 pg/mL) and the median inhibitory
concentrations (ICso) of different synthetic derivatives against the activities of COX-1, COX-2 and
5-LOX enzymes.

COX-1 COX-2 5-LOX
Inhibition (%) | ICso (ug/mL) | Inhibition (%) | ICso (ug/mL) | Inhibition (%) |ICso (ug/mL)
49.61 +0.03 9.28+0.06 | 51.86+0.03 | 8.08+0.02 | 36.71+0.03 | 13.62£0.03
49.55 + 0.05 930+0.07 | 51.80£0.05 | 8.09+0.02 | 36.65+0.05 | 13.64 =0.05
38.90+0.05 | 11.84+0.10 | 41.15+0.05 | 10.18+0.03 | 26.00+0.05 | 19.23 +0.08
58.28+0.10 | 7.90+0.07 | 60.53+0.10 | 6.92+0.02 | 4538+0.10 | 11.02+0.05
38.96+0.03 | 11.82+0.08 | 41.21+0.03 | 10.17+0.03 | 26.06+0.03 [19.19+0.05
77.28 £ 0.18 596+0.04 | 79.53+0.18 | 527+0.02 | 64.38+0.18 | 7.77 £ 0.03
58.36+0.10 | 7.89+0.07 | 60.61+0.10 | 6.91+0.02 | 45.46+0.10 | 11.00 +0.05
38.78+0.06 | 11.88+0.08 | 41.03+0.06 | 1021+0.01 | 25.88+0.06 | 19.33+0.03
38.82+006 | 11.86+0.08 | 41.07+0.06 | 1020+0.01 | 2592+0.06 |19.29+0.03
5845+0.10 | 7.88+0.07 | 60.70+£0.10 | 6.90+0.02 | 45.55+0.10 | 10.98 + 0.05
STD Indomethacin Zileuton
8520+0.01 | 541+0.04 | 8735+0.01 | 4.80+£0.01 | 7220+0.01 | 6.93+0.02

Values were calculated from three replicates and expressed as mean + SE.
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The active site of cyclooxygenase (COX) consists of a long hydrophobic channel with a
narrow entrance. While the active sites of COX-1 and COX-2 are similar, COX-2 features a larger
binding cavity, enabling the development of selective inhibitors. Additionally, COX-2 has a side
pocket above the entrance of its binding site [48]. The synthetic compounds inhibited COX
enzyme activity by binding to the hydrophobic region of the COX-2 binding site, rather than the
side pocket region. This selective inhibition may be due to differences in the chemical structure
between indomethacin and the derivatives. Additionally, these compounds likely selectively
target COX-2 through hydrogen bond interactions with key amino acids in the enzyme's catalytic
domain. The binding was further stabilized by hydrophobic interactions in both the hydrophobic
and lobby regions of the COX binding site [49]. For 5-LOX inhibition, the inhibitory effect of
these synthetic compounds might be contributed by a hydrogen bond interaction with the amino
acid residue in the active site of the enzyme. They inhibited the activity of this enzyme by similar
mechanism by which Zileuton interact with the active site of the enzyme. On the other hand,
hydrophobic and polar interactions were the main contributors to the activity of these
compounds with the amino acid residues in the binding interactions of 5-LOX [50].

CONCLUSION

Zinc oxide was successfully prepared using natural oils such as jojoba oil, aloe vera, propylene
glycol, flaxseed gel, and caprylic acid as emulsifying and stabilizing agents to prepare nano zinc
oxide in an eco-friendly manner. Techniques such as FTIR (fluorochromic infrared spectroscopy),
XRD (X-ray diffraction), and TEM (transmission electron microscopy) were used to elucidate the
chemical composition of the prepared nanoparticles. ZnO-NPs was successfully used as a catalyst
to prepare xanthine compounds through a one-step reaction, where two moles of diamidon and
aromatic aldehyde were mixed under solvent-free conditions at 60-70 °C. After the reaction was
completed in the specified time, the products were separated and their structural structures were
confirmed using IR, NMR, and TEM. The data obtained from the DFT (density functional theory)
calculations, docking and biological evaluation as inhibitors of COX1, COX2 and 5-LOX
enzymes explained that there are four derivatives (4, 6, 7, and 10) can presented in vivo anti-
inflammatory test.
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