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Scientia Pharmaceutica is an international, peer-reviewed (https://www.mdpi.com/editorial_process), open access journal related to the pharmaceutical
sciences. It is the journal of the Austrian Pharmaceutical Society (Österreichische Pharmazeutische Gesellschaft, ÖPhG) (http://www.oephg.at/) and it
is published quarterly online by MDPI, and in print by the Austrian Pharmacists' Publishing House (Österreichischer Apothekerverlag). 

Open Access (https://www.mdpi.com/openaccess) — free for readers, with article processing charges (APC)
(https://www.mdpi.com/journal/scipharm/apc) paid by authors or their institutions.

High Visibility: indexed within Scopus (https://www.scopus.com/sourceid/22212), ESCI (Web of Science) (https://mjl.clarivate.com/search-results?
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Rapid Publication: manuscripts are peer-reviewed and a first decision is provided to authors approximately 17.4 days after submission; acceptance to
publication is undertaken in 7.5 days (median values for papers published in this journal in the second half of 2022).

Recognition of Reviewers: reviewers who provide timely, thorough peer-review reports receive vouchers entitling them to a discount on the APC of their
next publication in any MDPI journal, in appreciation of the work done.

 Imprint Information (/journal/scipharm/imprint)     Journal Flyer (/journal/scipharm/scipharm_flyer.pdf)      Open Access
(https://www.mdpi.com/about/openaccess)     ISSN: 2218-0532

Journal Description


 (/2218-0532/91/1/13/pdf?version=1677743450)

Open Access Article

3-[5-(1H-Indol-3-ylmethylene)-4-oxo-2-thioxothiazolidin-3-yl]-propionic Acid as a Potential Polypharmacological Agent (/2218-0532/91/1/13)
by Yulian Konechnyi (https://sciprofiles.com/profile/902021), Andrii Lozynskyi (https://sciprofiles.com/profile/1928751),

Iryna Ivasechko (https://sciprofiles.com/profile/2439123),
Tetiana Dumych (https://sciprofiles.com/profile/author/ZE9pb1BxL25TVVN0ZnkwNC94WjA2NzhXb1VIb0YyVGRNWFFINTR1L01FOD0=),
Solomiya Paryzhak (https://sciprofiles.com/profile/author/YkJjVjRXSk5Pd3RtSGN4NFZzZS9wZFZPQjhGY0ZsWDQ0V2ZPTkQ2M1JHZz0=),
Oksana Hrushka (https://sciprofiles.com/profile/author/OUJVQldCRjBFYjlZbXBRdnRER0dYRm5PM1JRUTQrVG45RE5kMHllRDFhYz0=),
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Iryna Pasichnyuk (https://sciprofiles.com/profile/author/T3dHWndPMzVrTi9yS2FUTS80Zkh6Vm1yZ3NDVGlPc2NYTFluVjhlUTRyND0=),
Dmytro Khylyuk (https://sciprofiles.com/profile/1896324) and Roman Lesyk (https://sciprofiles.com/profile/217339)
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Abstract Searching for new types of biological activities among preliminarily identified hit compounds is a key challenge in modern medicinal chemistry. In our
study, a previously studied 3-[5-(1H-indol-3-ylmethylene)-4-oxo-2-thioxothiazolidin-3-yl]-propionic acid (Les-6614) was screened for antimicrobial, antifungal,
anti-allergic, and antitumor activities. Moreover, cytotoxicity, molecular [...] Read more.
(This article belongs to the Special Issue Heterocyclic Chemistry in Drug Design 2.0 ( /journal/scipharm/special_issues/Heterocyclic_Chemistry_2 ))
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Open Access Article

Preclinical In Vitro Investigation of MDM2 Inhibition in Combination with Antiangiogenic Therapy for Breast Cancer Treatment (/2218-0532/91/1/12)
by Ali M. Alaseem (https://sciprofiles.com/profile/2684652), Khalid Alhazzani (https://sciprofiles.com/profile/1373267),

Ahmed Zuwaiel Alanazi (https://sciprofiles.com/profile/882235),
Yasser Alqarni (https://sciprofiles.com/profile/author/WDZicjhpdkRJL1EwNldNdHRKbmlsWk1BZ3pnak9rU0NBN0xibE9jWVVLVT0=),
Mohammad M. Algahtani (https://sciprofiles.com/profile/2774367), Abdullah S. Alhamed (https://sciprofiles.com/profile/2293906),
Glowi Alasiri (https://sciprofiles.com/profile/2518907), Fahad T. Alotaibi (https://sciprofiles.com/profile/2774636),
Talha Jawaid (https://sciprofiles.com/profile/2689109) and Jehad A. Aldali (https://sciprofiles.com/profile/2434618)

Sci. Pharm. 2023, 91(1), 12; https://doi.org/10.3390/scipharm91010012 (https://doi.org/10.3390/scipharm91010012) - 20 Feb 2023

Abstract Background: Combining antiangiogenic drugs with other chemotherapeutic drugs has been found to produce superior therapeutic outcomes and
prevent drug resistance in a variety of cancers. Methods: Experimental assays such as the MTT assay, flow cytometry, western blotting, and qPCR have been
used to [...] Read more.
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Open Access Article

Long-Term Paracetamol Treatment Impairs Cognitive Function and Brain-Derived Neurotrophic Factor in Adult Rat Brain (/2218-0532/91/1/11)
by Laddawan Lalert (https://sciprofiles.com/profile/2596981),

Nutnicha Tantarungsee (https://sciprofiles.com/profile/author/dDExWlZMMGJGTEFWN0JYVzhmdFVBRDlTVkR4QVNFN2d3ektPWnFERVd1ND0=),
Tipthanan Chotipinit (https://sciprofiles.com/profile/author/M1JESWxvQStVZGRaaGtWRURuV2dhSnFQREZkR2xNWkhrbEJDcGZ6TUZNWT0=),
Wilawan Ji-au (https://sciprofiles.com/profile/author/US9LdGZjNjExczZXMTB0UklSNC82TEZqMVpGbzBiMnBtNUZDZGtSY3NSWT0=),
Anan Srikiatkhachorn (https://sciprofiles.com/profile/author/cFBCaW5yeHpzSWRzNDQ5WGhDUEdkSkxMdTV4V2hIb2ZCL1JDQ3g1TTNhWT0=)

and
Supang Maneesri-le Grand (https://sciprofiles.com/profile/2700639)

Sci. Pharm. 2023, 91(1), 11; https://doi.org/10.3390/scipharm91010011 (https://doi.org/10.3390/scipharm91010011) - 13 Feb 2023

Abstract Paracetamol (acetaminophen, APAP) is known as a safe pain reliever; however, its negative effects on the central nervous system have gradually
been reported. We examined alterations in learning and memory, and brain-derived neurotrophic factor (BDNF) expression in the frontal cortex and
hippocampus at [...] Read more.

► Show Figures
(https://pub.mdpi-res.com/scipharm/scipharm-91-00011/article_deploy/html/images/scipharm-91-00011-g001-550.jpg?1676267824) (https://pub.mdpi-

res.com/scipharm/scipharm-91-00011/article_deploy/html/images/scipharm-91-00011-g002-550.jpg?1676267819) (https://pub.mdpi-

res.com/scipharm/scipharm-91-00011/article_deploy/html/images/scipharm-91-00011-g003-550.jpg?1676267822) (https://pub.mdpi-

res.com/scipharm/scipharm-91-00011/article_deploy/html/images/scipharm-91-00011-g004-550.jpg?1676267818) (https://pub.mdpi-

res.com/scipharm/scipharm-91-00011/article_deploy/html/images/scipharm-91-00011-g005a-550.jpg?1676267820) (https://pub.mdpi-

res.com/scipharm/scipharm-91-00011/article_deploy/html/images/scipharm-91-00011-g005b-550.jpg?1676267821)

Open Access Communication

Comparison of Substance Sources in Experimental Antimicrobial Susceptibility Testing (/2218-0532/91/1/10)
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Dorota Pastuszak-Lewandoska (https://sciprofiles.com/profile/1425378)
Sci. Pharm. 2023, 91(1), 10; https://doi.org/10.3390/scipharm91010010 (https://doi.org/10.3390/scipharm91010010) - 09 Feb 2023

Abstract Funding is often a constraint when planning research, especially in countries where basic research is underfunded. Researchers must take into
account these limitations, e.g., in relation to the selection of appropriate reagents, the source of which may affect the study’s final results. The [...] Read more.
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Open Access Article

Antimicrobial Activity of Novel Deep Eutectic Solvents (/2218-0532/91/1/9)
by Noor Akbar (https://sciprofiles.com/profile/2520403), Naveed Ahmed Khan (https://sciprofiles.com/profile/360259),

Taleb Ibrahim (https://sciprofiles.com/profile/author/cWZyMUZOVFpmc2JubUtaRCtmbU1aUT09),
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Hasan Alfahemi (https://sciprofiles.com/profile/2279671) and Ruqaiyyah Siddiqui (https://sciprofiles.com/profile/2061316)

Sci. Pharm. 2023, 91(1), 9; https://doi.org/10.3390/scipharm91010009 (https://doi.org/10.3390/scipharm91010009) - 08 Feb 2023

Abstract Herein, we utilized several deep eutectic solvents (DES) that were based on hydrogen donors and hydrogen acceptors for their antibacterial
application. These DES were tested for their bactericidal activities against Gram-positive (Streptococcus pyogenes, Bacillus cereus, Streptococcus
pneumoniae, and methicillin-resistant Staphylococcus aureus [...] Read more.
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Open Access Editorial

Acknowledgment to the Reviewers of Scientia Pharmaceutica in 2022 (/2218-0532/91/1/8)
by Scientia Pharmaceutica Editorial Office (/search?authors=Scientia%20Pharmaceutica%20Editorial%20Office&orcid=)
Sci. Pharm. 2023, 91(1), 8; https://doi.org/10.3390/scipharm91010008 (https://doi.org/10.3390/scipharm91010008) - 29 Jan 2023

Abstract High-quality academic publishing is built on rigorous peer review [...] Full article (/2218-0532/91/1/8)

Open Access Article

Phytochemical Characterization of Pterocephalus frutescens with In-Silico Evaluation as Chemotherapeutic Medicine and Oral Pharmacokinetics
Prediction Study (/2218-0532/91/1/7)
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Sami El Deeb (https://sciprofiles.com/profile/1403627) and Hatem S. Abbass (https://sciprofiles.com/profile/1136980)

Sci. Pharm. 2023, 91(1), 7; https://doi.org/10.3390/scipharm91010007 (https://doi.org/10.3390/scipharm91010007) - 28 Jan 2023

Abstract Virtual screening of the potential lead chemotherapeutic phytochemicals from medicinal plants has useful application in the field of in-silico modelling
and computer-based drug design by orienting and scoring ligands in the active binding site of a target protein. The phytochemical investigation of the [...] Read
more.
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Editorial Board

Members (58)

Prof. Dr. Helmut Viernstein

Editor-in-Chief
Department of Pharmaceutical Technology and Biopharmaceutics, Faculty of Life Sciences, University of Vienna, Althanstrasse 14, A-1090 Vienna, Austria

Dr. Gernot A. Eller
Website (http://www.holzer-group.at/eller)

Associate Editor
Department of Pharmaceutical Chemistry – Division of Drug Synthesis, University of Vienna, Althanstrasse 14, A-1090 Vienna, Austria
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Raid Alany
Website1 (https://www.kingston.ac.uk/staff/profile/professor-raid-alany-141/) Website2 (https://www.researchgate.net/profile/Raid_Alany3)
SciProfiles (https://sciprofiles.com/profile/523581)

Editorial Board Member
1. Faculty of Science, Engineering and Computing, Kingston University London; Penrhyn Road, Kingston upon Thames, London KT1 2EE, UK
2. Faculty of Medical and Health Sciences, The University of Auckland, Auckland CBD, Auckland 1010, New Zealand
Interests: ophthalmic drugs and delivery systems; veterinary pharmaceuticals
Special Issues, Collections and Topics in MDPI journals
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Prof. Dr. Yoshinori Asakawa
Website (https://www.researchgate.net/profile/Yoshinori_Asakawa) SciProfiles (https://sciprofiles.com/profile/817237)

Editorial Board Member
Faculty of Pharmaceutical Sciences, Tokushima Bunri University, Tokushima, Japan
Interests: natural product chemistry; isolation and structure elucidation of bioactive secondary metabolites of bryophytes, pteridophytes, inedible mushrooms,
medicinal and aromatic plants and insects and their bioassay; biotransformation of secondary metabolites by fungi and mammals; total synthesis of natural
products; chemical reaction of organic per-acids; chemical phylogeny of spore-forming plants
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Andreas Bernkop-Schnürch
Website (https://www.uibk.ac.at/pharmazie/phtech/drugdelivery/staff/bernkop.html)

Editorial Board Member
Center for Chemistry and Biomedicine, Institute of Pharmacy Pharmaceutical Technology, University of Innsbruck, Innrain 80 - 82 / IV, A-6020 Innsbruck,
Austria

Prof. Dr. Thierry Besson
Website (https://www.researchgate.net/profile/Thierry-Besson) SciProfiles (https://sciprofiles.com/profile/84052)

Editorial Board Member
Normandie Univ, UNIROUEN, INSA Rouen, CNRS, COBRA UMR 6014, F-76000 Rouen, France
Interests: chemistry of heterocyclic compounds; microwave-assisted chemistry; sustainable methodologies; green chemistry applied to bioactive compounds:
kinase inhibitors; Alzheimer's disease; Down syndrome; cancer
Special Issues, Collections and Topics in MDPI journals

Dr. Paolo Blasi
Website (https://www.unibo.it/sitoweb/p.blasi/en) SciProfiles (https://sciprofiles.com/profile/481375)

Editorial Board Member
1. Department of Pharmacy and Biotechnology, University of Bologna, Via San Donato 19/2, 40127 Bologna, Italy
2. Center for Applied Biomedical Research (CRBA), University of Bologna, 40126 Bologna, Italy
Interests: pharmaceutical nanotechnology; nanomedicine; pulmonary drug delivery; cell encapsulation; tissue engineering
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Gerrit Borchard
Website (https://www.researchgate.net/profile/Gerrit-Borchard) SciProfiles (https://sciprofiles.com/profile/139717)

Editorial Board Member
Institute of Pharmaceutical Sciences of Western Switzerland, Section of Pharmaceutical Sciences, University of Geneva, Geneva, Switzerland
Interests: nanostructured drug delivery systems; quality and safety assessment of nanomedicines; nonbiological complex drugs; vaccines and vaccine
adjuvants; cancer research
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Franz Bracher
Website (https://bracher.cup.uni-muenchen.de/) SciProfiles (https://sciprofiles.com/profile/145194)

Editorial Board Member
Department of Pharmacy, Center for Drug Research, Ludwig-Maximilians University Munich, Butenandtstraße 5-13, 81377 Munich, Germany
Interests: medicinal chemistry; steroids; natural products; antifungals; epigenetic targets; cation channels
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Franz Bucar
Website (http://www.faculty.jacobs-university.de/mwinterhalter/cost/cost_wg4_franz_bucar.html)
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Editorial Board Member
Institute of Pharmaceutical Sciences, Department of Pharmacognosy, University of Graz, Universitaetsplatz 4/1, A-8010 Graz, Austria
Interests: phytochemistry; antimicrobial plant natural products

Prof. Dr. Susi Burgalassi
Website (https://unimap.unipi.it/cercapersone/dettaglio.php?ri=3894&template=dettaglio.tpl) SciProfiles (https://sciprofiles.com/profile/427802)

Editorial Board Member
Department of Pharmacy, University of Pisa, 56126 Pisa, Italy
Interests: pharmaceutical formulation development and evaluation, ocular drug delivery, mucosal drug delivery, mucoadhesive formulations
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Rosa M. Claramunt

Editorial Board Member
Departamento de Química Orgánica y Bio-Orgánica, Facultad de Ciencias, UNED, Paseo Senda del Rey 9, 28040 Madrid, Spain

Prof. Dr. Michael Danilenko
SciProfiles (https://sciprofiles.com/profile/173787)

Editorial Board Member
Department of Clinical Biochemistry and Pharmacology, Ben-Gurion University of the Negev, Beer Sheva 84105, Israel
Interests: acute myeloid leukemia; cell differentiation; vitamin D; vitamin D analogs; plant-derived bioactive compounds; redox signaling and regulation;
calcium signaling; cell cycle regulation, apoptosis
Special Issues, Collections and Topics in MDPI journals

Dr. Biswanath Das

Editorial Board Member
Former Chief Scientist CSIR-Indian Institute of Chemical Technology (CSIR-IICT), Hyderabad, India

Prof. Dr. Erik De Clercq
Website (https://sciprofiles.com/profile/748628) SciProfiles (https://sciprofiles.com/profile/748628)

Editorial Board Member
Department of Microbiology, Immunology and Transplantation, KU Leuven, Rega Institute for Medical Research, Herestraat 49, B-3000 Leuven, Belgium
Interests: HIV/AIDS; antiretroviral therapy
Special Issues, Collections and Topics in MDPI journals

Dr. Clemens Decristoforo
Website (https://phd-school.i-med.ac.at/phd-programs/?

tx_muiphd_program%5BcontactPerson%5D=141&amp;tx_muiphd_program%5Baction%5D=show&amp;tx_muiphd_program%5Bcontroller%5D=Con
SciProfiles (https://sciprofiles.com/profile/470112)

Editorial Board Member
Department of Nuclear Medicine, Medical University Innsbruck, Anichstrasse 35, 6020 Innsbruck, Austria
Interests: radiopharmaceuticals; radiometal labelled peptides for theranostics; Gallium-68, Siderophores based radiopharmaceuticals; radiopharmaceutical
translation and regulation

Prof. Dr. Roberto Della Loggia
Website (https://dscf.units.it/it/dipartimento/persone/della-loggia-roberto/1602)

Editorial Board Member
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Dipartimento di Scienze Chimiche e Farmaceutiche, Universita degli Studi di Trieste, Piazzale Europa 1, 34127 Trieste, Italy

Prof. Dr. William A. Donaldson
Website (https://www.marquette.edu/chemistry/directory/william-donaldson.php) SciProfiles (https://sciprofiles.com/profile/598928)

Editorial Board Member
Department of Chemistry, Marquette University, Milwaukee, WI 53201-1881, USA
Interests: medicinal chemistry; drug design; natural products; estrogen receptors; pyruvate carboxylase inhibitors

Dr. Christine Dufès
Website (https://www.strath.ac.uk/staff/duf%C3%A8schristinedr/) SciProfiles (https://sciprofiles.com/profile/1097663)

Editorial Board Member
Strathclyde Institute of Pharmacy and Biomedical Sciences, University of Strathclyde, 161 Cathedral Street, Glasgow G4 0RE, UK
Interests: nanomedicine; cancer; brain tumours; neurodegenerative diseases; drug delivery; gene delivery

Prof. Dr. Antoni Camins Espuny
Website1 (http://www.neurociencies.ub.edu/antoni-camins-espuny/) Website2 (https://ciberned.es/grupo-camins.html) Website3

(https://webgrec.ub.edu/webpages/000003/cas/camins.ub.edu.html) SciProfiles (https://sciprofiles.com/profile/367868)
Editorial Board Member
1. Department of Pharmacology, Toxicology and Therapeutic Chemistry, Faculty of Pharmacy, University of Barcelona, 08028 Barcelona, Spain
2. Institut de Neurociències , University of Barcelona, 08028 Barcelona, Spain
3. Biomedical Research Networking Centre in Neurodegenerative Diseases (CIBERNED), Instituto de Salud Juan Carlos III, 28031 Madrid, Spain
Interests: Alzheimer's disease; aging; apoptosis; neuropharmacology; epilepsy
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Franz Gabor
 ( https://recognition.webofsciencegroup.com/awards/highly-cited/2020/ ) SciProfiles (https://sciprofiles.com/profile/2710568)

Editorial Board Member
Department of Pharmaceutical Technology and Biopharmaceutics, Faculty of Life Sciences, University of Vienna, Althanstrasse 14, A-1090 Vienna, Austria



Prof. Dr. Simon Gibbons
Website (https://www.ucl.ac.uk/pharmacy/people/academic-research-staff-profiles/simon-gibbons)

Editorial Board Member
UCL School of Pharmacy, 29-39 Brunswick Square, London WC1N 1AX, UK

Dr. Brian Green
Website (https://pure.qub.ac.uk/portal/en/persons/brian-green(4c1a7af6-98d4-4215-be32-6c780c2442ae).html)
SciProfiles (https://sciprofiles.com/profile/269177)

Editorial Board Member
School of Biological Sciences, Queen's University Belfast, University Road, Belfast BT7 1NN, Northern Ireland, UK
Interests: metabolomics; neurodegenerative disease; diet; nutrition; Alzheimer’s diesease
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Matthias Hamburger
SciProfiles (https://sciprofiles.com/profile/14226)

Editorial Board Member
Department of Pharmaceutical Sciences, Universitat Basel, Klingelbergstrasse 50, CH-4056 Basel, Switzerland
Interests: natural products; drug discovery; phytomedicines
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Prof. Dr. Walter Jäger
SciProfiles (https://sciprofiles.com/profile/333034)

Editorial Board Member
Department of Pharmaceutical Chemistry, Division of Clinical Pharmacy and Diagnostics, University of Vienna, Universitätsring 1, 1010 Vienna, Austria
Interests: drug metabolism; drug transporter; pharmacokinetics

Dr. Rakesh Jaiswal

Editorial Board Member
Doehler Group, Jacobs University Bremen, Bremen, Germany
Interests: analytical methods; natural products; metabolomics; nutrition; medicinal plants

Prof. Dr. Yogeshvar N. Kalia
Website (https://ispso.unige.ch/molthera/) SciProfiles (https://sciprofiles.com/profile/651527)

Editorial Board Member
School of Pharmaceutical Sciences, University of Geneva & University of Lausanne, CMU-1 rue Michel Servet, 1211 Geneva 4, Switzerland
Interests: targeted drug delivery; minimally invasive drug delivery; fractional laser ablation; iontophoresis; development of innovative formulations;
nanoformulations; design of novel biological barrier models
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. A. Douglas Kinghorn
Website (http://www.pharmacy.ohio-state.edu/faculty-staff/users/kinghorn4)

Editorial Board Member
College of Pharmacy, The Ohio State University, Columbus, OH, USA
Interests: pharmacognosy; natural products; anticancer agents

Prof. Dr. Liselotte Krenn
Website (https://pharmakognosie.univie.ac.at/people/krenn-liselotte/) SciProfiles (https://sciprofiles.com/profile/5763)

Editorial Board Member
Institute of Pharmacognosy, PharmaCenter Vienna, University of Vienna, Althanstr. 14, A-1090 Vienna, Austria
Interests: flavonoids; anthraquinones; isolation and structure elucidation; analysis (LC-DAD; LC-MS); in vitro assays (antioxidant properties;
acetylcholinesterase inhibition; histonedeacetylase modulation)
Special Issues, Collections and Topics in MDPI journals

Dr. Vladimír Kryštof
Website (http://www.rustreg.upol.cz/en/staff/vladimir-krystof/) SciProfiles (https://sciprofiles.com/profile/497149)

Editorial Board Member
Laboratory of Growth Regulators, Palacký University and Institute of Experimental Botany AS CR, Šlechtitelů 27, 783 71 Olomouc, Czech Republic
Interests: molecular pharmacology; biochemistry; molecular biology; targeted cancer therapy; protein phosphorylation; kinase inhibitors

Dr. Reinhard Länger

Editorial Board Member
Department for herbal, homoeopathic and veterinary medicinal products, Austrian Medicines and Medical Devices Agency, Traisengasse 5, 1200 Viena, Austria
Interests: herbal medicinal products
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Prof. Dr. Jaehwi Lee
SciProfiles (https://sciprofiles.com/profile/91856)

Editorial Board Member
College of Pharmacy, Chung-Ang University, Seoul 06974, Korea
Interests: solubilization; bioavailability; particle technologies; lipid-based drug delivery; formulation design
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Roman B. Lesyk
SciProfiles (https://sciprofiles.com/profile/217339)

Editorial Board Member
Department of Pharmaceutical, Organic and Bioorganic Chemistry, Danylo Halytsky Lviv National Medical University, Pekarska str. 69, 79010 Lviv, Ukraine
Interests: medicinal chemistry; drug design; heterocyclic chemistry; thiazolidinones; biological activty; SAR
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Chih-Chien Lin
Website (http://www.cosm.pu.edu.tw/index.php/teacher/info/chchlin) SciProfiles (https://sciprofiles.com/profile/1098)

Editorial Board Member
Department of Cosmetic Science, Providence University, 200, Sec. 7, Taiwan Boulevard, Shalu Dist., Taichung City, 43301, Taiwan
Interests: biotechnology; cosmeceuticals; cell biology
Special Issues, Collections and Topics in MDPI journals

Dr. Rouslan Moustafine
SciProfiles (https://sciprofiles.com/profile/350561)

Editorial Board Member
Institute of Pharmacy, Kazan State Medical University, 16 Fatykh Amirkhan Street, 420126 Kazan, Russia
Special Issues, Collections and Topics in MDPI journals

Dr. S. Narasimha Murthy
Website (http://home.olemiss.edu/~murthy/)

Editorial Board Member
Department of Pharmaceutics, The University of Mississippi, 113 Faser Hall, University, MS 38677, USA

Prof. Dr. Christian R. Noe

Editorial Board Member
Division of Drug Design and Medicinal Chemistry, Department of Pharmaceutical Chemistry, Faculty of Life Sciences, University of Vienna, Althanstrasse 14, A-
1090 Vienna, Austria

Prof. Dr. Valentina Onnis
Website1 (http://corsi.unica.it/sciviamfa/people/phd-board/valentina-onnis/) Website2 (http://people.unica.it/valentinaonnis/)
SciProfiles (https://sciprofiles.com/profile/166326)

Editorial Board Member
Department of Life and Environmental Sciences, Unit of Pharmaceutical, Pharmacological and Nutraceutical Sciences, University of Cagliari, University
Campus, I-09042 Monserrato, Cagliari, Italy
Interests: medicinal chemistry; nitrogen heterocycles; antiproliferative compounds; enzyme inhibitors
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Francisco Javier Otero-Espinar
Website (https://orcid.org/0000-0001-9030-2253) SciProfiles (https://sciprofiles.com/profile/420440)

Editorial Board Member
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Department of Pharmacology, Pharmacy and Pharmaceutical Technology, Faculty of Pharmacy, University of Santiago de Compostela (USC), 15782 Santiago
de Compostela, Spain
Interests: ocular drug delivery
Special Issues, Collections and Topics in MDPI journals

Dr. Siva Panda
Website (https://www.augusta.edu/scimath/chemistryandphysics/siva-panda.php) SciProfiles (https://sciprofiles.com/profile/967137)

Editorial Board Member
Department of Chemistry and Physics, Augusta University, Augusta, GA, USA
Interests: bioorganic & medicinal chemistry; computer-aided drug design and synthesis; green chemistry
Special Issues, Collections and Topics in MDPI journals

Dr. Nilesh Patel
Website (https://www.reading.ac.uk/pharmacy/about/staff/nilesh-patel.aspx)

Editorial Board Member
Department of Pharmacy, University of Reading, Reading RG6 6AP, UK
Interests: clinical pharmaceutics; pharmacy practice; drug delivery; qualitative research; pharmacy

Prof. Dr. Michal Polak

Editorial Board Member
Department of Biological Sciences, University of Cincinnati, Cincinnati, OH 45221, USA
Interests: sexual selection; Host-Parasite evolutionary ecology

Prof. Dr. Miroslav Radenkovic
Website (http://www.researchgate.net/profile/Miroslav_Radenkovic) SciProfiles (https://sciprofiles.com/profile/234730)

Editorial Board Member
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Abstract The article presents the synthesis of 2-arylimino-4-methyl-2,3-dihydro-1,3-thiazoles via Hantzsch reaction of thioureas and 3-chloropentane-2,4-
dione or ethyl 2-chloro-3-oxobutanoate. The structure of synthesized compounds was confirmed by LCMS, 1H, and 13C NMR spectra. Cardioprotective
activity of synthesized thiazole derivatives were studied in vitro [...] Read more.
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Abstract Treatment of certain central nervous system disorders, including different types of cerebral malignancies, is limited by traditional oral or systemic
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Abstract: Nigella sativa oil has been known to have potent anti-inflammatory activity. This research
aimed to determine the anti-inflammation activity of Nigella sativa oil in a simple balm stick by topical
application. The activity was checked using two methods: carrageenan-induced paw oedema and
granuloma pouch on rats. The results showed that balm sticks which contained 10% Nigella sativa
could overcome both acute and sub-acute inflammation showing by high oedema inhibition (60.64%),
low leucocytes count (43.55% lower than control) as well as a notable TNF-α concentration (50%
lower than control) on the inflamed area. In conclusion, topical application of a Nigella sativa balm
stick was effective for both acute and sub-acute forms of inflammation.

Keywords: Nigella sativa; anti-inflammatory; balm; topical

1. Introduction

Nigella sativa (Ranunculaceae family) or commonly known as black cumin has long been used as
a phytomedicine for antidiarrhea, appetite enhancer, diuretic, antibacterial, analgesic, anthelmintic,
various skin diseases, anti-inflammatory, back pain, hemiplegia (paralysis of the hands or feet), and
rheumatism [1–3]. The bioactive content of Nigella sativa included p-cymene, α-thujene, longifolene,
β-pinene, α-pinene, carvacrol and the main compound is thymoquinone [4–6].

Both Nigella sativa oil and thymoquinone are potent anti-inflammatory agents that have been
demonstrated in various disease models such as encephalomyelitis, colitis, peritonitis, oedema and
arthritis through suppression of inflammatory mediators such as prostaglandins and leukotrienes [7].
Orally gavage of 4 mL/kg/day Nigella sativa oil for 31 days showed a reduction of IL-4 and
NO production in rats [8]. Thymoquinone at a dose of 10 mg/kg body weight of rats showed
anti-inflammatory activity through inhibition of cyclooxygenase (COX) and 5-lipooxygenase (5-LPO)
pathways [9,10] and at a dose of 5 mg/kg body weight of rats could lower TNF-α and IL-1β levels in
arthritis [11]. Anti-inflammatory activity of Nigella sativa also has been shown in humans, for example
the use of the oil for geriatric patients with osteoarthritis [12].

However, there are only a few studies showing the use of Nigella sativa oil topically. For instance,
topical Nigella sativa could be effective treatment for psoriasis [13], application of 50% Nigella sativa oil
in cream could heal burn wounds in rats [14], while Nigella sativa essential oil nanoparticles have also
been shown to have anti-inflammatory properties in combination with indomethacin [15]. The topical
use of Nigella sativa oil needs to be developed in the form of a practical dosage form such as a balm
stick. In this study, a Nigella sativa balm stick was tested on acute and subacute inflammatory models.
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2. Materials and Methods

2.1. Materials

Nigella sativa seed oil (PT. Saraswanti Indo Genetech, Bogor, Indonesia) was produced by cold
press method without chemicals. According to the COA, the Nigella sativa seed fixed oil contain
vitamin E, Calcium, Fe, Omega 3, 6 and 9. Gas Chromatography Mass Spectrometry (GCMS) analysis
showed that the Nigella sativa seed oil contained 23.75% Thymoquinone. The other materials were cera
alba, adeps lanae, vaselin alba, lanolin hydrate, cetyl alcohol, butyl hidroxitoluen (BHT) (PT. Brataco,
Jakarta, Indonesia), virgin coconut oil (VCO) and oleum sesame (Herba Bagoes, Jakarta, Indonesia),
hydrocortisone cream 2.5% (Kalbe Farma, Jakarta, Indonesia) Turk solution (PT. Gresik Sarana Tirta,
Jakarta, Indonesia), carrageenan (Sigma, St. Louis, MO, USA), and TNF-α Kit (Sigma).

2.2. Balm Stick Preparation

Balm sticks were made with three formulas with variations of Nigella sativa oil content (Table 1).
BHT (butyl Hydroxytoluene) was dissolved in VCO (mass 1). Cera alba was melted on water bath at
65 ◦C and stirred (mass 2). Setil alcohol was added into mass 2, followed by adeps lanae and melted
into a homogeneous mixture. The mixture was removed from the water bath, then added with mass 1
and stirred well. Finally, Nigella sativa oil was added and stirred to the homogeneous mixture, then
formed into sticks (Figure 1).

Table 1. Nigella sativa balm stick formula.

No. Materials NB 5% (%) NB 7.5% (%) NB 10% (%) Control (%)

1 Nigella sativa oil 5 7.5 10 -
2 Cera alba 30 30 30 30
3 Adeps lanae 10 10 10 10
4 Setil alcohol 10 10 10 10
5 Butyl Hydroxytoluene 0.1 0.1 0.1 0.1
6 VCO ad 100 ad 100 ad 100 ad 100
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Figure 1. Nigella sativa Balm Stick.

2.3. Animal

Wistar rats (Rattus novergicus L.) aged 2–3 months with weights of ±200 g were used in this study,
50 rats in total. The study protocol was approved by the Research Ethics Commission, Faculty of
Medicine, University of Indonesia by applying the principles of replacement, reduction and refinement
(the 3Rs) with approval under ethics number 516/UN2.F1/ETIK/2018 and 517/UN2.F1/ETIK/2018.
All animals were acclimatized in the cage with a temperature of ±23 ◦C for one week.
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2.4. Acute Anti-Inflammatory Test (Carrageenan-Induced Paw Oedema)

The procedure of carrageenan-induced paw oedema in accordance with Pise and Padwal
(2017) [16] with modification. The right foot of the rat was measured using a plethysmometer, then
recorded as the initial volume (Vo). The feet were then smeared with the test substances topically
in accordance by the group. The negative control group was smeared with control balm, positive
control was smeared with 2.5% hydrocortisone cream, the NB (Nigella sativa balm stick) groups was
smeared with the balm containing 5%, 7.5% and 10% Nigella sativa oil respectively. All test substances
were applied topically 50 times on the right foot of each rat. Then immediately, the feet were injected
intraplantar with 0.1 ml of 1% w/v carrageenan solution (in oleum sesame) [17]. The oedema volume
was measured using plethysmometer at minutes 30, 90, 150, 210, and 270 after carrageenan injection,
and recorded as Vt. The oedema volume data of each time measured were then used to calculate the
inhibition percentage.

inhibition % = mean increment volume of control−mean increment volume of test substance
mean increment volume of control × 100%

2.5. Sub-Acute Anti-Inflammatory Test (Granuloma Pouch Method)

The back of rats was shaved, then the rats were anaesthetized with ketamine (i.m, 40 mg/kg BW).
The back of each rat was then injected with 20 mL sterile air subcutaneously to form a pouch. 24 h later,
the pouch was injected with 3 mL of 2% (w/v) carrageenan solution (in oleum sesame). The inflamed
areas were then smeared with the test substances twice a day. The second day, the pouch was rinsed
with 2 mL phosphate buffered saline (PBS) (0.01 M, pH 7.4), then total exudate was taken. The exudate
was then used to determine the number of leukocyte cells and TNF-α levels of each group [18].

2.5.1. Leucocyte Count

The exudate of each rat was diluted with Turk solution (1:20) and mixed homogeneously. The
solution was then dripped to the hemocytometer and left to be distributed throughout the area of the
count room. Preparations were examined under a microscope with 40× magnification. The number of
leukocytes was calculated by the following formula [19]:

Leucocytes count
(

mm3
)
=

N × Dilution factor
Σ Chamber Volume

2.5.2. Determination of TNF-α

The exudate was centrifuged at 5400 g for 10 min at 4 ◦C to obtained supernatant aliquoted and
then stored at −8 ◦C [19]. TNF-α was determined using an ELISA kit (Sigma, St. Louis, MO, USA),
according to the manufacturer’s instructions.

2.6. Data Analysis

Data were analyzed using One-Way ANOVA followed by Tukey and Duncan tests.

3. Results

3.1. Carrageenan-Induced Paw Edema

The study showed that the injection of 0.1 ml of 1% carrageenan via intraplantar resulted in
oedema, which was observed to show signs of inflammation starting from minute 30. Afterwards, the
volume of oedema continued to increase. Hydrocortisone was used as the reference drug [20]. Data in
Table 1 demonstrate that there is a difference in the percentage of oedema that occurs due to changes
in time in all groups. The Nigella sativa Balm (NB) group showed an anti-inflammatory activity as
indicated by the decrease in oedema volume at minute 150. However, in the control group, the volume
of oedema continued to increase. The results of statistical tests showed significant differences in the
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paw oedema of NB group against control starting at minute 90 (Table 2). The oedema inhibition in
the NB 10% group showed the highest percentage compared to 5% and 7.5% NB. The three groups
showed comparable results with hydrocortisone 2.5% (Figure 2).

Table 2. Oedema percentage of Carrageenan-induced paw oedema.

Groups
Edema percentage (%)

At 30 min At 90 min At 150 min At 210 min At 270 min

Control 110 ± 13.69 135 ± 13.69 170 ± 27.39 205 ± 13.69 210 ± 11.18
Hydrocortisone 2.5% 96 ± 8.94 96 ± 8.94 a 77 ± 14.40 a 58 ± 16.05 a 10 ± 13.69 a

NB 5% 92 ± 10.95 b 92 ± 10.95 a,b 74 ± 16.36 a,b 51 ± 14.32 a,b 28 ± 12.55 a

NB 7.5% 100 ± 0 100 ± 0 a,b 85 ± 13.69 a,b 65 ± 13.69 a,b 25 ± 0 a,b

NB 10% 96 ± 8.94 b 96 ± 8.94 a,b 82 ± 17.54 a,b 58 ± 16.05 a,b 15 ± 13.69 a,b

a The mean difference is significant at p < 0.05 compared to Control; b The mean is comparable with hydrocortisone
2.5% (p > 0.05).
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Figure 2. Oedema inhibition percentage of paw edema.

3.2. Sub-Scute Inflammation (Granuloma Pouch)

The results of the exudates volume measurements show that NB 7.5% and 10% groups comparable
to hydrocortisone 2.5%, while the number of leukocytes in exudates showed a decrease of 22.02%;
32.14% and 43.55% in the NB 5%, 7.5%, and 10% groups respectively (Table 3). Statistically, only NB
10% group showed a decrease of leucocyte percentage comparable to hydrocortisone 2.5% (47.64%).

Table 3. Granuloma pouch exudate examination.

Groups Exudate Volume (mL) Leucocytes Count (mm3)

Control 4.3 ± 0.83 b 52,525 ± 9787.87 b

Hydrocortisone 2.5% 0.62 ± 0.26 a 27500 ± 1388.64 a

NB 5% 3.8 ± 0.40 a,b 41816.67 ± 483.39 a,b

NB 7.5% 1.4 ± 0.68 a 35641.66 ± 638.29 a,b

NB 10% 0.9 ± 0.49 a 29650 ± 463.68 a

a The mean difference is significant at p < 0.05 compared to Control; b The mean is significant at p < 0.05 compared
to Hydrocortisone 2.5%.

Granuloma pouch tissue of rats could also be used as an assessment of inflammation. Biochemistry
observation of exudates was carried out on TNF-α levels. Test results showed 7.5% and 10 % NB
groups could significantly reduce TNF-α levels (p < 0.05) (Figure 3), with reductions of around 39%
(NB 7.5%) and 50% (NB 10%) compared to control. The NB 10% group was able to lower TNF-α levels
comparable to 2.5% hydrocortisone.
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Figure 3. TNF-α concentration of the exudate from granuloma pouch. a The mean difference is
significant (p < 0.001) compared to Control; b the mean difference is significant (p < 0.05) compared to
Hydrocortisone 2.5%.

4. Discussion

Acute inflammation is an initial inflammatory response that begins with vasodilation and
increased capillary permeability, involving a process of fluid exudation (oedema) and migration
of polymorphonuclear cells from blood to damaged tissue, especially neutrophils. This response is
relatively short, lasting for only a few hours or days [21].

In this study, the acute anti-inflammatory activity test was carried out using the
carrageenan-induced paw oedema method. Carraageenan caused inflammation by a mechanism
involving phospholipase A2 and production of the inflammatory mediator such as cytokines,
serotonin, histamine, prostaglandins and leukotrienes, which facilitate the migration of leukocytes
to inflammatory sites [17,22]. Oedema occurs due to increased capillary permeability so that the
flow of fluid rises continuously to the inflammatory tissue. At 0–1 h after injection of carrageenan,
basophils and thrombocytes release of histamine and serotonin from the site of inflammation, therefore
oedema was formed. The process of acute inflammation reaches the peak within 2–3 h after injection
of carrageenan [23]. In this research, a Nigella contained balm stick has been proven to reduce oedema
in carrageenan-induced paw. Table 2 showed a decrease in the percentage of oedema in all groups
except control. Significant oedema inhibition of all NB groups starts at 150 min, which was around
28% and the total inhibition of oedema in the NB 10% group at 270 min was 60.64%. As seen in the
result, the percentage of oedema in the NB group was 5%, 7.5%, and 10%, continued to decrease to
270 min drastically, and the oedema inhibition had the same trend as hydrocortisone (Figure 2).

Observation on rat’s granuloma pouch also showed the anti-inflammatory activity of NB. In
sub-acute inflammation, leukocyte and phagocytic infiltrates to the site of injury. Carrageenan caused
an increase in the number of leukocytes in inflammatory tissue due to vascular permeability in the
inflammatory area, which increases fluid flow resulting in the migration of inflammatory cells [10].
This mediator activates cells from the tissue that are followed by the release of metalloproteinase
which causes pain or inflammation. Tumor necrosis factor (TNF) α is considered to be the main
inflammatory mediator [24]. The number of leukocytes in granuloma pouch (Table 3) showed that
the lowest leukocyte count was obtained in the hydrocortisone 2.5% group followed by NB 10%, 7.5%
and 5% respectively. This therefore showed NB anti-inflammatory activity in inhibiting leukocyte
migration to the site of inflammation. The best activity was seen in NB 10% with a leukocyte number
that was 43.55% lower than control. This result was in line with Table 3 as well as in Figure 3 where
the amount of pouch exudate and TNF-α in this group was also the lowest among the three NB
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groups. These results indicate the ability of NB 10% to overcome sub-acute inflammation equivalent to
hydrocortisone 2.5%.

Topical Nigella sativa balm activity shows comparable results to Pise and Padwal (2017)
research [16], where Nigella sativa oil with a dose of 10 ml/kg rats BW p.o showed a 39.64% oedema
inhibition. These results indicate that the anti-inflammatory activity of Nigella sativa is clear whether it is
given topically or orally. Haj-allahyari et al. (2018) also reported that Nigella sativa alcohol extract could
decrease COX-2 expression by 36.64% and TNF-α by 34.02%, while in this research NB 10% showed
higher (50%) TNF-α inhibition. In conclusion, despite many advance formulations on Nigella sativa oil,
a simple formula like a balm stick could also result in similar anti-inflammatory activity.
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three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.342
Cites / Doc. (4 years) 2000 0.294
Cites / Doc. (4 years) 2001 0.287
Cites / Doc. (4 years) 2002 0.350
Cites / Doc. (4 years) 2003 0.453
Cites / Doc. (4 years) 2004 0.315
Cites / Doc. (4 years) 2005 0.282
Cites / Doc. (4 years) 2006 0.236
Cites / Doc. (4 years) 2007 0.337
Cites / Doc. (4 years) 2008 0.408

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country
address.

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial
research (research articles, conference papers and
reviews) in three year windows vs. those documents
other than research articles, reviews and conference

papers.
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Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 1999 117
Uncited documents 2000 72
Uncited documents 2001 83
Uncited documents 2002 82
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