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Section Editor-in-Chief
Laboratory of Medicinal Chemistry, Faculty of Pharmacy and Food Sciences, Institute of Biomedicine (IBUB), University of Barcelona, Av. Joan XXIII, 27-31, E-08028
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Website (https://www.docenti.unina.it/#!/professor/5241464641454c454341504153534f43505352464c3733433038463833394a/riferimenti)

Editorial Board Member
Department of Agricultural Sciences, University of Naples Federico II, 80055 Portici, Italy
Interests: pharmacology; natural products; neurotransmission; behavioral pharmacology; experimental pharmacology; preclinical pharmacology; CB1 receptor; PPARs;
cannabinoids; endocannabinoids; CB2 receptor
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Seungpyo Hong (https://sciprofiles.com/profile/1413709)
Website (https://pharmacy.wisc.edu/hong-lab/)

Editorial Board Member
Milton J. Henrichs Chair in Pharmaceutical Sciences; Professor of Pharmaceutical Sciences, Carbone Cancer Center, and Biomedical Engineering; Director of Wisconsin
Center for NanoBioSystems (WisCNano), University of Wisconsin, Madison, WI 53705, USA
Interests: nanomedicine; polymer chemistry; surface engineering; circulating tumor cell; cancer biomarker

Dr. Giangiacomo Torri (https://sciprofiles.com/profile/288911)
Website (http://www.ronzoni.it/units/index.html)

Editorial Board Member
Carbohydrate Sciences Department, Ronzoni Institute, Milan, Italy
Interests: heparin; LMWH; glycosaminoglycan; protein–carbohydrate interaction; glycol-split heparins; heparin mimetics; nanoparticles engineered with heparin;
polysaccharides and derivatives; structure–activity relationship; oligosaccharide analysis; nuclear magnetic resonance/PCA; mass spectrometry
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Istvan Toth (https://sciprofiles.com/profile/43285)
Website1 (https://researchers.uq.edu.au/researcher/835) Website2 (http://researchers.uq.edu.au/researcher/835)

Editorial Board Member
School of Chemistry and Molecular Bioscience, The University of Queensland, Brisbane, QLD 4072, Australia
Interests: drug delivery; antimicrobial agents; prodrug strategies; macromolecules; adjuvants
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Tiziano Tuccinardi (https://sciprofiles.com/profile/346731)
Website (http://www.mmvsl.it/wp/group-members/tuccinardi/)

Editorial Board Member
Department of Pharmacy, University of Pisa, Via Bonanno 6, 56126 Pisa, Italy
Interests: medicinal chemistry; drug design; ligand–protein binding, molecular interactions; molecular modeling; hit identification; lead optimization
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Luigi A. Agrofoglio (https://sciprofiles.com/profile/11090)
Website (http://www.icoa.fr/en/agrofoglio)

Section Board Member
ICOA UMR CNRS 7311, Universite d\'Orleans, Rue de Chartres, 45067 Orleans, CEDEX 2, France
Interests: nucleoside and nucleotide analogues; heterocycles; infectious diseases, oncolytic virus; drug delivery system; (asymmetric)-organic synthesis; medicinal
chemistry; synthetic methodologies; enzyme inhibitors
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Jussara Amato (https://sciprofiles.com/profile/49044)
Website (https://www.docenti.unina.it/#!/professor/4a555353415241414d41544f4d54414a535238304235335a36303257/riferimenti)

Section Board Member
Department of Pharmacy, University of Naples Federico II, Via D. Montesano 49, 80131 Naples, Italy
Interests: chemistry of nucleic acids; nucleic acids therapeutics; nucleic acid-targeting drugs
Special Issues, Collections and Topics in MDPI journals
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Website (https://www.unich.it/ugov/person/550)
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Section Board Member
Department of Pharmacy, University of G. d\'Annunzio of Chieti and Pescara, Chieti, Italy
Interests: medicinal chemistry; organic synthesis; nitric oxide; nitric oxide synthase; PPAR receptors; metabolic syndrome; aromatase inhibitors
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Mai Antonello (https://sciprofiles.com/profile/373171)
Website (https://web.uniroma1.it/dip_ctf/dipartimento/personale_dip/docenti/professori-ordinari/mai-antonello)

Section Board Member
Università degli Studi di Roma La Sapienza, Rome, Italy
Interests: 1) organic synthesis; 2) synthesis of new potential bio-active compounds, particularly in the field of epigenetics (inhibitors of DNMTs, HDACs [unselective and
class-selective], HATs, sirtuins, PRMTs, HKMTs, and HDs), anticancer agents, antiviral agents (anti-human picornavirus compounds (disoxaril analogues), and anti-HIV-1
compounds belonging to the non-nucleoside reverse transcriptase inhibitor classes (DABOs, S-DABOs, DATNOs, F2-S-DABOs, Amino-DABOs), antibacterial (oxacine
analogues), antimycobacterial (oxacine and U-100480 analogues) and antifungal (trichostatin A, pyrrolnitrin, and bifonazole analogues) agents, and CNS agents
(pyrrolobenzodiazepines active as analgesic, antidepressant and nootropic compounds); 3) development of new methodology for the synthesis of heterocycles; 4) analysis
and purification of organic mixtures; 5) study and characterization of organic molecules

Prof. Dr. Dev P. Arya (https://sciprofiles.com/profile/56026)
Website (https://www.clemson.edu/health-research/faculty/arya.html)

Section Board Member
Laboratory for Bio-Organic and Medicinal Chemistry, Department of Chemistry, Clemson University, Clemson, SC, USA
Interests: medicinal chemistry; antibacterial drugs; nucleic acid recognition

Prof. Dr. Sergey O. Bachurin (https://sciprofiles.com/profile/933556)
Website (http://www.ras.ru/win/DB/show_per.asp?P=.id-1256.ln-ru)

Section Board Member
Institute of Physiologically Active Compounds, Russian Academy of Sciences, 142432 Chernogolovka, Russia
Interests: drug discovery; medicinal chemistry; molecular pharmacology; neurodegenerative diseases
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Michel Baltas (https://sciprofiles.com/profile/1453942)
Website (https://www.lcc-toulouse.fr/en/lcc-directory/)

Section Board Member
LCC CNRS UPR 8241, Laboratoire de Chimie de Coordination du CNRS, 205 route de Narbonne, 31077 Toulouse, CEDEX 4, France
Interests: organic chemistry; bioorganic chemistry; fluorine chemistry; medicinal chemistry; sustainable chemistry
Special Issues, Collections and Topics in MDPI journals

Dr. Federica Belluti (https://sciprofiles.com/profile/168754)
Website (https://www.unibo.it/sitoweb/federica.belluti/cv-en)

Section Board Member
Department of Pharmacy and Biotechnology, Alma Mater Studiorum—University of Bologna, Via Belmeloro 6, 40126 Bologna, Italy
Interests: coumarins; chalcones; curcumin; drug design; multitarget bioactive molecules; infectious disease; neurodegeneration
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Gerd Bendas (https://sciprofiles.com/profile/16043)
Website (https://www.pharma.uni-bonn.de/www/pharmchem2/ak-bendas)

Section Board Member
Pharmaceutical Department, University Bonn, 53121 Bonn, Germany
Interests: cancer metastasis; resistance; platelets; heparin; signaling pathways
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Massimo Bertinaria
Website (https://www.farmacia-dstf.unito.it/do/docenti.pl/Show?_id=mbertina#profilo)

Section Board Member
Università degli Studi di Torino, Turin, Italy
Interests: drug discovery, synthesis and structure-activity relationships of biologically active compounds; design and synthesis of multi-target drugs and NLRP3 ligands for
the treatment of chronic inflammatory, neurodegenerative and autoimmune diseases. Protein targeting chimaeras (PROTACs)
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Grazyna Biala (https://sciprofiles.com/profile/1728357)
Website (https://www.umlub.pl/uczelnia/pracownicy/szczegoly,1641.html)

Section Board Member
Medical University of Lublin, Lublin, Poland
Interests: pharmacology; neuropsychopharmacology; neurobiology; pharmacy
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Dr. Mariangela Biava (https://sciprofiles.com/profile/1863788)
Website (https://corsidilaurea.uniroma1.it/it/users/mariangelabiavauniroma1it)

Section Board Member
Department of Chemistry and Technologies of Drug, Sapienza University of Rome, piazzale A. Moro 5, 00185 Rome, Italy
Interests: antitubercular compounds; drug development; tuberculosis; lead optimisation; mycobacterium tuberculosis; pyrroles; pyrazoles; selective COX-2 inhibitors;
MmpL3

Dr. William Blalock (https://sciprofiles.com/profile/696756)
Website (https://www.igm.cnr.it/en/institute/organization/staff/blalock-william/)

Section Board Member
"Luigi Luca Cavalli-Sforza" Institute of Molecular Genetics, National Research Council of Italy, 40136 Bologna, Italy
Interests: Inflammation; stress; nuclear signaling; acute leukemia; bone marrow failure disorders; osteosarcoma
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Mercedes Bonfill (https://sciprofiles.com/profile/1066560)
Website (https://webgrec.ub.edu/webpages/000003/cas/mbonfill.ub.edu.html)

Section Board Member
Plant Biotechnology Group, Plant Physiology Section, Department of Biology, Health and Environment, Faculty of Pharmacy and Food Sciences University of Barcelona, Av.
Joan XXIII 27-31, 08028 Barcelona, Spain
Interests: plant biotechnology; plant in vitro cultures; metabolic engineering; plant secondary metabolism
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Fernanda Borges (https://sciprofiles.com/profile/191377)
Website (http://www.mutalig.eu/2016/06/prof-fernanda-borges/)

Section Board Member
CIQUP/Department of Chemistry and Biochemistry, Faculty of Sciences, University of Porto, 4169-007 Porto, Portugal
Interests: drug discovery; nanomedicine; ADME-Tox; neurodegenerative; infectious diseases; antioxidants
Special Issues, Collections and Topics in MDPI journals

Dr. Margherita Brindisi (https://sciprofiles.com/profile/1014069)
Website (https://www.docenti.unina.it/#!/professor/4d4152474845524954414252494e4449534942524e4d474838305336374737383650/riferimenti)

Section Board Member
Department of Pharmacy, University of Naples ‘Federico II’, Naples, Italy
Interests: medicinal chemistry; drug discovery; drug repurposing/repositioning; structure–activity relationships; antiviral agents; antibacterials; anticancer agents; protease
inhibitors; therapeutics for rare diseases
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Chiara Brullo (https://sciprofiles.com/profile/955465)
Website (https://rubrica.unige.it/personale/UkNHWVNv)

Section Board Member
Department of Pharmacy, University of Genoa, 16132 Genova, Italy
Interests: medicinal chemistry; drug design; antiproliferative compounds; anti-inflammatory compounds; kinase inhibitors; phosphodiesterase inhibitors; pyrazole derivatives
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Ines Bruno (https://sciprofiles.com/profile/1484725)
Website (https://docenti.unisa.it/001593/home)

Section Board Member
Department of Pharmacy, University of Salerno, 84084 Fisciano, SA, Italy
Interests: Drug discovery; Organic Synthesis; Multicomponent Reactions; Cancer and Inflammation
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Julio A. Camarero (https://sciprofiles.com/profile/150189)
Website (https://pharmacyschool.usc.edu/faculty/julio-a-camarero-phd/)

Section Board Member
Professor of Pharmacology and Pharmaceutical Sciences, Department of Pharmacology and Pharmaceutical Sciences, School of Pharmacy, University of Southern
California, Los Angeles, CA 90089-9121, USA
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Synthesis and In-Vivo Evaluation of Benzoxazole Derivatives as
Promising Anti-Psoriatic Drugs for Clinical Use
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Abstract: 2-(4-Chlorophenyl)-5-benzoxazoleacetic acid (CBA) and its ester, methyl-2-(4-chloro-phenyl)-
5-benzoxazoleacetate (MCBA), were synthesized, and their structures were confirmed by 1HNMR,
IR, and mass spectrophotometry. The anti-psoriatic activities of CBA and MCBA were tested using
an imiquimod (IMQ)-induced psoriatic mouse model, in which mice were treated both topically (1%
w/w) and orally (125 mg/kg) for 14 days. The erythema intensity, thickness, and desquamation of
psoriasis were scored by calculating the psoriasis area severity index (PASI). The study also included
the determination of histopathological alterations in the skin tissues of treated mice. Topical and
oral administration of CBA and MCBA led to a reduction in erythema intensity, thickness, and
desquamation, which was demonstrated by a significant decrease in the PASI value. In addition, skin
tissues of mice treated with CBA and MCBA showed less evidence of psoriatic alterations, such as
hyperkeratosis, parakeratosis, scale crust, edema, psoriasiform, and hyperplasia. After administration
of either topical or oral dosing, the anti-psoriatic effects were found to be stronger in MCBA-treated
than in CBA-treated mice. These effects were comparable to those produced by Clobetasol propionate,
the reference drug. This drug discovery could be translated into a potential new drug for future
clinical use in psoriasis treatment.

Keywords: synthesis; arylbenzoxazole; psoriasis; imiquimod; in vivo; prodrug

1. Introduction

Psoriasis is an immune-mediated disease that has a persistent effect on skin tissues. It
is a non-communicable disease that affects around 0.84% of the global population [1]. Pa-
tients with psoriasis exhibit several skin abnormalities, such as hyperproliferation, atypical
keratinocytes, epidermal hyperplasia, inflammation, leukocyte infiltration, and increased
vascularity in the skin layers [2,3]. The diagnostic features of psoriasis include skin redness,
thickness, and silver scaly plaques that may cover a focal or wide area of the elbows,
knees, scalp, and lumbar region [4]. These features are frequently associated with itch-
ing, scaling, burning, erythema, and bleeding [5]. The pathophysiology of psoriasis is
related to complex interactions between various immune, cellular, and molecular factors,
in addition to the genetic and protein expression of various inflammatory mediators, such
as interleukins (IL)- 6, -17, -22, and -23, interferon-gamma (IFNγ), nuclear factor kappa
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B (Nf-κB), and tumor necrosis factor-alpha (TNFα), as described by Croxford et al. [6],
Ha et al. [7], Lowes, Suarez-Farinas, and Krueger et al. [8], and Raphael et al. [9]. From a
clinical point of view, psoriasis symptoms are frequently managed by convenient drugs,
such as corticosteroids, and immunosuppressive agents, such as methotrexate, vitamin
D analogs, and systemic antiproliferative agents, in addition to biological agents, such
as infliximab and etanercept [10–12]. However, the therapeutic outcomes of these drugs
often result in unsatisfactory progress and may be associated with serious adverse effects,
including nausea, swelling, headaches, hair growth, and others [3,13,14]. Therefore, the
synthesis and development of novel drugs are necessary to match the current clinical
demand for psoriasis treatment and management. Benzoxazole and its derivatives are
N-heterocyclic aromatic compounds found in various natural sources, such as fungi, ma-
rine life, and plant origins, and medicines, such as flunoxaprofen and benoxaprofen [15].
During the last several decades, benzoxazole and its derivatives have gained a lot of
importance because of their extensive biological properties, such as anticancer [16], anal-
gesic [17], antimicrobial [18], neuroprotective [19], inflammatory bowel disease [20], and
immunosuppressive [21] activities. According to a previous study, chronic treatment with
oral benoxaprofen, a benzoxazole derivative, produced excellent anti-psoriatic effects in
human patients, which may partially be attributed to its capability to inhibit epidermal
5-lipoxygenase activity or inhibit the accumulation of phagocytes in psoriatic lesions [22].
Accordingly, the current study was conducted to synthesize two benzoxazole derivatives
and evaluate their anti-psoriatic activity using imiquimod-induced psoriasis-like dermatitis
in mice.

2. Results
2.1. Synthesis

The synthesis of MCBA was achieved by oxidative coupling of chlorobenzaldehyde
with ortho aminophenol in the presence of lead tetraacetate as an oxidizing agent, as
Scheme 1 shows. The starting materials, methyl 2-(3-amino-4-hydroxyphenyl)acetate and
4-chlorobenzaldehyde, were obtained from commercially available sources.
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On the other hand, free carboxylic benzoxazole, CBA, was obtained by the hydrolysis
of MCBA, as the Scheme 2 below shows:
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2.2. Effects of Topical IMQ on Mouse Skin

Three days after starting IMQ treatment, it was observed that the dorsal skin of the
treated mice exhibited signs of erythema, thickness, and desquamation compared to the
dorsal skin of the negative control group. The phenotypic effects of IMQ are demonstrated
in Figure 1A. The maximum erythema score was observed on day 7 with an average of 3.3
(Figure 2A). On the other hand, signs of thickness and desquamation were observed from
days 7 to 14 with average scores of 3.3 and 2.8, respectively (Figure 2B and C, respectively).
Examination of the histological slides showed that the skin tissues of mice treated with
IMQ exhibited acanthosis (thickening of the stratum spinosum layer), hyperkeratosis, and
neutrophil infiltration into the epidermis, in addition to subcutaneous hemorrhage and
inflammatory cell infiltration in the dermis around sweat glands and between connective
tissue and muscles (Figure 3A). The capillaries of the upper and middle portions of the
dermis were dilated.
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Figure 1. Representative gross skin features in mice of different groups on days 1, 7, and 14. (A) 
IMQ-treated mice. (B) Clobetasol propionate (Clob)-treated mice. (C) Topical CBA-treated mice. 
(D) Topical MCBA-treated mice. (E) Oral CBA-treated mice. (F) Oral MCBA-treated mice. 

Figure 1. Representative gross skin features in mice of different groups on days 1, 7, and 14. (A) IMQ-
treated mice. (B) Clobetasol propionate (Clob)-treated mice. (C) Topical CBA-treated mice. (D) Topical
MCBA-treated mice. (E) Oral CBA-treated mice. (F) Oral MCBA-treated mice.
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Figure 2. Psoriasis area and severity index (PASI) scores of different groups on days 1, 3, 7, and 14. 
(A) Erythema score, (B) thickness score, (C) desquamation score and, (D) cumulative score. (*) In-
dicates significant difference (p < 0.05) from IMQ-treated group (n = 6). 

Figure 2. Psoriasis area and severity index (PASI) scores of different groups on days 1, 3, 7, and 14. (A)
Erythema score, (B) thickness score, (C) desquamation score and, (D) cumulative score. (*) Indicates
significant difference (p < 0.05) from IMQ-treated group (n = 6).
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Figure 3. Representative photomicrographs of skin in mice of different groups. (A) IMQ-treated 
mice showing hyperkeratosis, parakeratosis, scale crust, edema, psoriasiform, and hyperplasia. (B) 
clobetasol-treated mice showing orthokeratosis. (C) Topical MCBA-treated mice showing hyper-
keratosis, parakeratosis, scale crust, hyper granulosis, intact epidermal–dermal junction, focal pso-
riasiform epithelium, few polymorphs in upper dermis, few extravasates red blood cells, and scat-
tered apoptosis cells in epidermis. (D) Topical CBA-treated mice showing mild hyperkeratosis, 
parakeratosis, scale crust, edema in upper dermis, neutrophils in upper dermis, and focal psori-
asiform hyperplasia. (E) Oral MCBA-treated mice showing focal mild hyperkeratosis, focal 
parakeratosis, focal hyper granulosis, and intact epidermal–dermal junction. (F) Oral CBA-treated 
mice showing orthokeratosis, subcutaneous tissue showing pus cells, and necrosis of hypodermis. 

2.3. Effects of Clobetasol and Benzoxazole Derivatives on Dermatitis-Like Psoriasis 
Gross observations showed that treatment with Clob in addition to MCBA and CBA 

via either the topical or oral route caused a marked reduction in dermatitis-like psoriasis 
(Figure 1B–F), which was determined by a significant decrease in PASI erythema scores 
(Figure 2A), thickness (Figure 2B), desquamation (Figure 2C), and cumulative score 
(Figure 2D). Histopathological examination showed that the dorsal skin of mice treated 

Figure 3. Representative photomicrographs of skin in mice of different groups. (A) IMQ-treated
mice showing hyperkeratosis, parakeratosis, scale crust, edema, psoriasiform, and hyperplasia.
(B) clobetasol-treated mice showing orthokeratosis. (C) Topical MCBA-treated mice showing hy-
perkeratosis, parakeratosis, scale crust, hyper granulosis, intact epidermal–dermal junction, focal
psoriasiform epithelium, few polymorphs in upper dermis, few extravasates red blood cells, and
scattered apoptosis cells in epidermis. (D) Topical CBA-treated mice showing mild hyperkeratosis,
parakeratosis, scale crust, edema in upper dermis, neutrophils in upper dermis, and focal psoriasiform
hyperplasia. (E) Oral MCBA-treated mice showing focal mild hyperkeratosis, focal parakeratosis,
focal hyper granulosis, and intact epidermal–dermal junction. (F) Oral CBA-treated mice showing
orthokeratosis, subcutaneous tissue showing pus cells, and necrosis of hypodermis.

2.3. Effects of Clobetasol and Benzoxazole Derivatives on Dermatitis-Like Psoriasis

Gross observations showed that treatment with Clob in addition to MCBA and CBA
via either the topical or oral route caused a marked reduction in dermatitis-like psori-
asis (Figure 1B–F), which was determined by a significant decrease in PASI erythema
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scores (Figure 2A), thickness (Figure 2B), desquamation (Figure 2C), and cumulative score
(Figure 2D). Histopathological examination showed that the dorsal skin of mice treated
with Clob showed a marked decrease in inflammatory infiltration and hyperplasia of the
epidermis (Figure 3B). Topical application of CBA and MCBA caused the partial suppres-
sion of IMQ-induced epidermal hyperplasia and a reduction in the number of infiltrated
inflammatory cells (Figure 3C,D). On the other hand, oral treatment with CBA and MCBA
caused anti-psoriatic effects comparable to Clob, which was manifested by a marked de-
crease in hyperkeratosis, parakeratosis, hypergranulosis, and psoriasiform hyperplasia
(Figure 3E,F). However, the anti-psoriatic effects were more evident in groups treated with
MCBA than those treated with CBA.

3. Discussion
3.1. Chemistry

In this study, CBA and MCBA were developed and synthesized as anti-psoriatic
agents. According to the literature, several synthetic methods are available to prepare
benzoxazole derivatives [23]. One of these synthetic processes involves the coupling re-
action of benzaldehyde with an o-aminophenol derivative using lead tetraacetate as an
oxidizing agent [16,20]. Some research groups prepared a series of arylbenzoxazoleacetic
acid derivatives, including our target CBA, using ethyl 4-chlorobenzimidate hydrochlo-
rides and 3-amino-4-hydroxyphenylacetic acid [24,25]. In this work, we preferred to
prepare our target compounds by coupling 4-chlorobenzaldehyde with methyl-3-amino-4-
hydroxyphenylacetic acid in the presence of lead tetraacetate. Schiff bases or benzoxazole
compounds represent attractive molecular scaffolds of enormous medicinal and industrial
relevance. The Schiff base condensation reaction was obtained from the nucleophilic attack
of the amine group in methyl 2-(3-amino-4-hydroxyphenyl)acetate with the electrophilic
carbon atom of aldehyde of 4-chlorobenzaldehyde to form carbinolamine. After that, under
acidic conditions using CH3COOH, a Schiff base was formed by water elimination. Finally,
the intermediate underwent intramolecular cyclization, followed by Pb(CH3COO)4 for
oxidation, leading to the formation of MCBA. On the other hand, CBA was synthesized by
the hydrolysis of MCBA ester utilizing a mild and rapid procedure with the use of ethanol
and sodium hydroxide. The use of this method produced CBA salt, which was acidified
using HCl, leading to the formation of CBA. The chemical structures of MCBA and CBA
were confirmed by 1H NMR, FTIR, and mass spectrophotometry. 1H NMR of CBA showed
a singlet at δ 3.73 ppm for the benzylic protons, while in the aromatic region, the spectra
showed a doublet at δ 7.3 with a J value of 8.5 Hz, which represents proton #7, a multiplet
at δ 7.56–7.59 ppm for three protons, a singlet at δ 7.63 for one proton, and a doublet at δ
8.164-8.181, which represents two protons with a J value of 8.5 Hz. On the other hand, 1H
NMR for MCBA showed almost the same spectra as CBA, except for an additional singlet
at δ 3.67 ppm for the methyl ester protons. Concerning FTIR spectra of CBA, it showed
characteristic peaks for carbonyl at 1668.85 cm−1 and a broad band at 2828.27 cm−1 for the
OH group. On the other hand, the methyl ester MCBA exhibited a characteristic peak for
the ester carbonyl at 1733.29 cm−1 in addition to a stretching peak at 1260.32 cm−1 for C-O,
which was absent in the acid CBA. The mass spectrum for MCBA showed peaks at m/z
302 for the molecular ion [M+H]+. In addition, the MCBA spectrum showed a base peak
at m/z 230, which represents MCBA after losing the methylacetate side chain. The mass
spectra for CBA showed peaks at m/z 288 for the molecular ion [M+H]+. The product
yield was relatively sufficient, indicating the suitability of this method for the synthesis of
both CBA and MCBA for further experimental applications.

3.2. Anti-Psoriatic Activity

Psoriasis is an autoimmune disease and is typically diagnosed based on physical
(macroscopic) and microscopic examinations [26]. Gross skin alterations include signs
of erythema, desquamation, and thickness [27]. On the other hand, histopathological
alterations of psoriasis include parakeratosis, a diminished or nonexistent granular layer,
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papillomatosis, acanthosis, chronic inflammation, dilatation of capillaries, edema, and
abscess (collection of neutrophils) in the stratum corneum [28]. For experimental evolution,
topical IMQ application on the dorsal back skin of the mice has been used as a valid
model for the induction of dermatitis-like psoriasis. This model has been frequently
used for screening possible anti-psoriatic drugs [29]. Despite clinical progress in the
treatment of various diseases, no effective and safe drug for the treatment of psoriasis has
been found. Systemic steroids have been frequently used as the treatment of choice for
the management of psoriasis, but these drugs are often associated with several clinical
limitations [27]. From the pharmacological point of view, the anti-psoriatic effects of
steroidal drugs have been shown to relapse after discontinuation of the treatment [30]. In
addition, tolerance occurs with long-term use of these medications, as patients no longer
respond to the treatment, and escalating doses are needed to maintain the therapeutic
effects [31]. Treatment with these drugs is also associated with dermatological and systemic
adverse effects, such as skin atrophy, striae, acne, weight gain, water retention, swelling,
diabetes, and osteoporosis [32]. Together, these adverse effects suggest the need for a
novel drug regimen that possesses greater therapeutic benefits and fewer adverse effects.
In this study, a benzoxazole derivative, CBA, and its prodrug, MCBA, were synthesized
and evaluated as promising drugs for psoriasis treatment. The benzoxazole family group
of chemicals exert a wide range of pharmacodynamics with potent immunosuppressive
and anti-inflammatory effects [33]. One line of evidence demonstrated that benzoxazole
derivatives have immune-modulatory effects on T-lymphocyte activity that contribute
to the pathogenesis of psoriasis [21]. On the other hand, prodrugs have been used as
effective drug carriers for enhancing therapeutic activity and reducing drug toxicity [34].
A prodrug is an inactive substance that undergoes metabolic or physicochemical changes
in the body that produce a pharmacologically active agent [35]. The main function of
prodrugs is to enhance pharmacokinetics and deliver drugs in sufficient concentrations
to the target site of action [36]. The findings of the current work showed that both oral
and topical administration of CBA and MCBA produced considerable anti-psoriatic effects,
which were demonstrated by a significant decrease in PASI scores and histopathological
alterations as compared to those of IMQ-treated mice. These effects were more pronounced
in animals that were administered oral doses compared to those given topical treatments.
In addition, MCBA produced a stronger inhibitory effect on various parameters in the mice
than CBA. Together, these results indicate that both MCBA and CBA are effective drugs for
psoriasis treatment and management. The increase in drug activity after oral administration
compared to those of topical treatments could be due to improved pharmacokinetics, thus
allowing for stronger molecular effects at the target site of action. In addition, MCBA
showed a stronger anti-psoriatic effect, which could be partially attributed to its enhanced
lipophilicity, which may lead to an increase in systemic bioavailability.

4. Materials and Methods
4.1. Chemicals

Chemicals of synthetic grade were used. The chemicals were purchased from var-
ious companies: (1) Methyl 2-(3-amino-4-hydroxyphenyl)acetate from Abcr (Karlsruhe,
Germany); (2) 4-chlorobenzaldehyde, ethanol, dimethylsulfoxide (DMSO), and hydrochlo-
ric acid (HCl) from Acros (Geel, Belgium); (3) glacial acetic acid, lead tetraacetate, and
sodium hydroxide from Sigma (St. Louis, MO, USA); (4) Clobetasol propionate (Clob)
from GSK (London, UK); and (5) imiquimod (IMQ) cream (Aldara) from Meda (Bad
Homburg, Germany).

4.2. Instruments

Gas chromatography/mass spectrometry (GC/MS) real-time analysis software from
Craig S Young. Sr. Technical Support (Shimadzu Scientific Instruments, Tokyo, Japan)
was used. Fourier transform infrared (FT-IR) spectra (from 500 to 4000 cm−1) of the
products were recorded using a Thermo Nicolet 670 Nexus NFT-IR spectrophotometer
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from Thermo Scientific (Massachusetts, MA, USA). 1H-NMR spectra were recorded on a
Bruker 500 MHz-Avance III (Billerica, Massachusetts, MA, USA). A microtome (Anglia
Scientific 0325 Instruments, Cambridge, England), microscope (Nikon, Tokyo, Japan), and
Fujisan digital caliper (Fujisan, Japan) were used in this study.

4.3. Synthesis of Methyl 2-(2-(4-Chlorophenyl)benzo[d]oxazol-5-yl)acetate (MCBA)

Methyl 2-(3-amino-4-hydroxyphenyl)acetate (2.0 g, 0.011 mol) was dissolved in 15 mL
of absolute ethanol in a round-bottom flask with a capacity of 50 mL, and 4-chlorobenzaldehyde
(1.54 g, 0.011 mol) was then added. The reaction mixture was stirred with continuous reflux
for 4 h. The resulting mixture was evaporated under reduced pressure to obtain viscous
material that was then dissolved in a suitable volume (15–20 mL) of hot glacial CH3COOH,
treated directly with Pb(CH3COO)4 (5.7 g, 0.013 mol), and stirred until it reached room
temperature (25 ◦C). The resulting crystalline solid was filtered on cellulose filter paper,
washed with distilled water, recrystallized with ethanol, and then dried to give 2.3 g of
MCBA; yield 70%; m.p.140–144 ◦C; FTIR (cm−1): 1733.29 cm−1 (C=O), 1260.32 cm−1 (C-O).
1H-NMR (CD3CN), δ ppm 3.67 (s, 3H, OCH3), 3.78 (s, 2H, benzylic H), 7.318–7.335 (d, 1H,
J = 8.5 Hz, ArH), 7.59–7.62 (m, 3H, ArH), 7.65 (s, 1H, ArH), 8.186–8.203 (d, 2H, J = 8.5 Hz,
ArH). MS (ESI) m/z: Calcd for C16H13ClNO3 [M+H]+: 302.0505. Found: 302.0514.

4.4. Synthesis of 2-(4-Chlorophenyl) benzoxazol-5-yl) acetic acid ( CBA)

Synthesis of CBA was performed via hydrolysis of MCBA (1.0 g, 0.0034 mol), which
was dissolved in 90% ethanol (50 mL), treated with NaOH (0.6 g,0.015 mol), and stirred
at room temperature (25 ◦C) for 3 h. The ethanol was then evaporated, and the residue
was collected and poured into a mixture of crushed ice (20 mL) and concentrated HCl
(2 mL). A white solid crystal precipitated and was filtered with a Buchner funnel and
then recrystallized with ethanol to give 0.75 g solid product; 79% yield; m.p. 182–185 ◦C;
FTIR (cm−1): 1668.85 (C=O acid), 2828.27 cm−1 (OH). 1HNMR (CD3CN) δ ppm: 3.73 (s,
2H, benzylic H), 7.29–7.31 (d, 1H, J = 8.5Hz, ArH), 7.56–7.59 (m, 3H, ArH), 7.63 (s, 1H,
ArH), 8.164–8.181 (d, 2H, J = 8.5 Hz, ArH). MS (ESI) m/z: Calcd for C15H11ClNO3 [M+H]+:
288.0349. Found: 288.0352.

4.5. Animal Husbandry and Care

Male BALB/c mice of the same age (6–8 weeks) were used in the current work as the
model of choice for the evaluation of psoriasis. Mice were obtained from Isra University,
kept under controlled temperature (20 ± 2 ◦C) and humidity (60 ± 5 ◦C), and given free
access to tap water and food pellets. All animal manipulation and handling were conducted
according to the Guide for the Care and the Use of Laboratory Animals [37]. The animal
use protocol was approved by the Scientific Research Ethics Committee of Isra University
(SREC/21/12/018).

4.6. Animal Groups and Treatments

Mice were separated into seven groups (n = 6 mice/group); one was a negative control
group that did not receive any treatments, while the other six groups were given different
treatments, as shown in Table 1. The procedure for induction of psoriasis was obtained
from previous studies [29]. In brief, the back dorsal skin of mice was shaved, and topical
IMQ cream was then applied daily (5% w/w at a dose of 62.5 mg) for 14 days.

Table 1. Experimental groups in anti-psoriatic activity experiments.

Group Number Group Type Description

Group I Negative control Each mouse did not receive
any treatment
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Table 1. Cont.

Group Number Group Type Description

Group II Model control

Each mouse received a daily dose
(62.5 mg) of 5% IMQ cream that was

topically applied on the shaved
dorsal skin

Group III Positive control

Each mouse received a daily dose
(62.5 mg) of 5% IMQ cream that was

topically applied on the shaved
dorsal skin + topical administration

of Clob 0.05% cream

Group IV Topical MCBA

Each mouse received a daily dose
(62.5 mg) of 5% IMQ cream that was

topically applied on the shaved
dorsal skin + topical administration

of 1% MCBA

Group V Topical CBA

Each mouse received a daily dose
(62.5 mg) of 5% IMQ cream that was

topically applied on the shaved
dorsal skin + topical administration

of 1% CBA

Group VI Oral
MCBA

Each mouse received a daily dose
(62.5 mg) of 5% IMQ cream that was

topically applied on the shaved
dorsal skin + oral administration of

MCBA (120 mg/kg)

Group VII Oral
CBA

Each mouse received a daily dose
(62.5 mg) of 5% IMQ cream that was

topically applied on the shaved
dorsal skin + oral administration of

CBA (120 mg/kg)

4.7. Scoring the Severity of Psoriasis-like Dermatitis

The intensity of erythema, thickness, and desquamation of the affected dorsal skin
of mice was scored independently by calculating PASI on a 4-point scale (0 indicated no
observed change, 1 indicated slight change, 2 indicated moderate change, 3 indicated
marked change, and 4 indicated severe change). The cumulative scores (erythema plus
scaling plus thickness) were used to determine the severity of skin inflammation, which
ranged from 0 to 12. Skin thickness measured by digital caliper, in addition to erythema
and desquamation, was observed daily over the 14 days of the study.

4.8. Histological Examinations

Preparation of histological slides was performed according to a previously described
procedure (Pang et al., 2018) [38]. After animals were sacrificed with an overdose inhalation
of diethyl ether, skin tissue samples were removed and fixed in 10% neutral-buffered
formaldehyde. The samples were then dehydrated with ethanol, cleared with xylene, and
embedded in paraffin blocks. The paraffin sections were cut to 5 µm thick and stained with
hematoxylin and eosin before being observed under a light microscope.

4.9. Statistical Analysis

Data obtained from PASI scoring analysis are presented as mean ±standard deviation
(S.D.). GraphPad Prism software, version 8, was used to assess significant differences
between the experimental groups using one-way analysis of variance (ANOVA) followed
by Tukey’s post hoc test for multiple comparisons. A statistically significant difference was
defined as a p < 0.05.
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5. Conclusions

Based on the findings of the current work, it can be concluded that benzoxazole
derivatives are promising candidates for causing a reduction in inflammatory and psoriatic
symptoms in mice with psoriasis-like dermatitis. However, developing these compounds as
prodrugs may present great potential to enhance their anti-psoriatic effects. Further studies
are needed to assess the toxicity, pharmacokinetics, and molecular mechanisms of their
pharmacological actions in preclinical experiments before performing clinical investigations.
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5. Conclusions

Based on the findings of the current work, it can be concluded that benzoxazole
derivatives are promising candidates for causing a reduction in inflammatory and psoriatic
symptoms in mice with psoriasis-like dermatitis. However, developing these compounds as
prodrugs may present great potential to enhance their anti-psoriatic effects. Further studies
are needed to assess the toxicity, pharmacokinetics, and molecular mechanisms of their
pharmacological actions in preclinical experiments before performing clinical investigations.
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