


Heliyon editors

Heliyon is actively building individual sections that are managed by respected researchers and experts in the field. These
dedicated and experienced section editors and their teams of associate editors, supported by our in-house editorial team,
are responsible for managing the peer review process for all submitted manuscripts within their subject sections. These
dedicated sections allow us to tailor each author's experience to the needs and standards they have come to expect
within their respective fields. See editorial board vacancies here.

Heliyon has recently created a collection of publications from our editorial board, which you may be interested in reading.

Agriculture

Meet the full editorial team for Heliyon Agriculture.

Prof. Athanasios Damialis

Dr. Athanasios Damialis is a multi-disciplinary scientist working for more than 20 years on the fields of plant and fungal
ecology, environmental sciences, biometeorology, climate change and environmental health. His particular focus lies on
the reproductive biology of plants (flowering phenology, atmospheric circulation of airborne pollen) and on endophytic
fungi. He uses an inter-disciplinary research approach with environment-environment interactions and human-
environment interactions. This includes mainly those interactions including, but not limited to, the detection of bio-climatic
indicators and spatiotemporal patterns of plant, forest and agricultural habitats and ecosystems, in relation to ongoing and
simulated climate change. His research goal is to comprehend the responsive ability of organisms under stress
conditions, ultimately, attempting to promote sustainable growth and environmental quality.

Biochemistry, molecular biology and cell biology

Meet the full editorial team for Heliyon Biochemistry, molecular biology and cell biology.

»

Prof. Nicola Zambrano

Nicola Zambrano is professor of Molecular Biology at the University of Naples Federico Il, and group leader at CEINGE
Advanced Biotechnologies, Naples, Italy. He holds a M.Sc. degree in biological sciences and a Ph.D. in biotechnologies,
acquired within a joint doctoral program from the Universities of L'Aquila and Naples, Italy. He was a visiting fellow at
National Cancer Institute, NIH in Bethesda from 1991 to 1994, and visiting scientist at EMBL in Heidelberg, Germany in
1997. His academic career at the Federico Il University in Naples started with an assistant professor position in
biochemistry (1996), before being enrolled as an associate professor (2002) and then, as a full professor in molecular
biology (2010).
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Prof. Jinrong Min

Professor Jinrong Min received his Ph.D. degree in physics from the Institute of Physics, Chinese Academy of Sciences in
China, and carried out his post-doctoral training in chromatin structural biology at the Cold Spring Harbor Laboratory,
USA. He is currently the principal investigator of the Chromatin Structural Biology Group at the Structural Genomics
Consortium (SGC), University of Toronto, and an associate professor in the Department of Physiology at the University of
Toronto.

Biology

Meet the editorial team for Heliyon Biology.

RS S

Prof. Yil-Chung Chiang

Research piloted in my research answers a key biological question: how do genetic signals within and among species
reveal evolutionary and geographical structure, including plant phylogeography of East Asia and the Pacific Islands,
introgression between wild populations and cultivars, and conservation genetics on rare and endemic plant.

Business and economics

Meet the full editorial team for Heliyon Business and economics.

Dr. Larisa Yarovaya

Doctor Larisa Yarovaya received her doctorate in finance from Northumbria University in England. Currently, she is a
lecturer in finance, Programme Director BSc Finance, and deputy head of Centre for Digital Finance at the Southampton
Business School, University of Southampton.

Dr. Yarovaya is a researcher the fields of international finance, digital finance, financial integration, Islamic finance, energy
economics, information transmission, and international business. She has published her research in peer-reviewed
academic journals and is an associate editor of the International Review of Financial Analysis, Journal of International
Financial Markets Institutions and Money, Heliyon, and Data-in-Brief.

Assoc. Prof. Pavilos Delias
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Pavlos Delias is a tenured faculty member at the International Hellenic University, Department of Accounting and Finance.
He holds a jointly supervised PhD from both Technical University of Crete and University Paris Dauphine, under a
cotutelle agreement.

Pavlos Delias has been invited as a visiting professor in several universities (national as well as international). He has
contributed to numerous research projects, focusing on applying the principles of business analytics and operational
research to decision support systems design and use. He is also a member of the coordination board for the EURO
working group on decision support systems. His research interests are in the areas of business process analytics,
business analytics and operational research, and multiple criteria analysis.

Assoc. Prof. Eugene Ezebilo, PhD

Eugene Ezebilo is an Associate Professor of Economics. He received his PhD in Economics from Swedish University of
Agricultural Sciences, Sweden. He is currently a Deputy Director for Research at the National Research Institute, Port
Moresby in Papua New Guinea. He is a guest lecturer at University of Papua New Guinea where he teaches two courses
in the Master of Economics and Public Policy program. In the past ten years, Eugene’s research has focused primarily on
the economic value of ecosystem goods and services, land use planning, affordable housing and economic development.
His academic career started at Swedish University of Agricultural Sciences as a Post-Doctoral Researcher in
Environmental and Natural Resource Economics, followed by an Assistant Professor in Economics and Planning from the
same university, where he later became an Associate Professor of Economics. His research interests are in
environmental and resource economics, housing economics and policy, land use planning and economic development.

Cancer Research

Meet the full editorial team for Heliyon Cancer Research.

Prof. Graham Pawelec

Graham Pawelec received an MA in Natural Sciences and a PhD in Transplantation Immunology from the University of
Cambridge, UK. He is currently Professor of Experimental Immunology in the Department of Immunology, University of
Tabingen, Tubingen, Germany. He is a Visiting Professor at Nottingham Trent University, UK and at King’s College
London, UK, holds an Honorary Chair at Manchester University, UK. He is a member of the Cancer Solutions Program at
the Health Sciences North Research Institute of Canada, Sudbury, Ontario, Canada. He is currently Co-Editor-in-Chief of
“Immunity and Aging”. Graham’s research interests are centred on alterations to immunity, especially T cell-mediated
immunity, in ageing and cancer in man, and the influence these have on the outcome of vaccination and
immunomodulatory antibody therapies. The impact of polypathogenicity (including multiple infections, cancer, Alzheimer
‘s, diabetes, autoimmunity) as well as stress (psychological, nutritional) on immune signatures reflecting individual
immune status is of particular interest in the clinical context.

Dr. Kamal Kant Sahu


http://www.ihu.gr/
https://www.tuc.gr/index.php?id=4992
https://dauphine.psl.eu/
https://www.cell.com/heliyon/cancer-research/editors

Dr. Kamal Kant Sahu is a fellow in hematology and medical oncology at the Huntsman Cancer Institute at the University of
Utah in Salt Lake City. Dr. Sahu received his medical education at the Chhattisgarh Institute of Medical Sciences in
Bilaspur, India. He completed training in internal medicine and subsequently a fellowship in clinical hematology and bone
marrow transplantation at the Postgraduate Institute of Medical Education and Research (PGIMER) in Chandigarh, India.
After coming to the United States, Dr. Sahu undertook residency training in internal medicine at Saint Vincent Hospital in
Worcester, Massachusetts, and, in July 2021, began his fellowship training in hematology and medical oncology at the
Huntsman Cancer Institute. Dr. Sahu is active in clinical research and has published widely with over 200 papers in
PubMed-indexed journals. His clinical and research interests focus on genitourinary malignancies.

Chemical Engineering

Meet the full editorial team for Heliyon Chemical Engineering.

Prof. Bart Van der Bruggen

Bart Van der Bruggen received his PhD in chemical engineering from KU Leuven in 2000. He currently works as full
professor at KU Leuven (Belgium) and extraordinary professor at Tshwane University of Technology (South Africa). He
has vast experience as an editor for various journals and is a also very active author and reviewer, with over 600
publications, cited more than 25,000 times. His expertise is in separation processes in classical and non-classical
chemical engineering applications, with a focus on membrane science and technology.

Chemistry

Meet the full editorial team for Heliyon Chemistry.

Dr. Francesco Epifano

Prof. Epifano obtained his degree in medicinal chemistry and pharmaceutical technology in 1993 from the University of
Perugia, Italy. In 1998, he obtained his Ph.D. in agricultural entomology at the Faculty of Agricultural Sciences of the
University of Perugia. Currently, he is an associate professor of medicinal chemistry at the Department of Pharmacy of the
University Gabriele D'Annunzio of Chieti-Pescara. His recent work is concerned with synthesis and pharmacological
properties of secondary metabolites from plants, fungi, and bacteria. Dr. Epifano was the recipient of the 2010 IADR /
Glaxo Smith Kline Innovation in Oral Care Award as the co-investigator of the project entitled “Therapeutic potential of
Citrus auraptene for periodontal disease”, the 2012 Apivita Award for Phytochemistry, and the 2017 Pierre Fabre —
Phytochemical Society of Europe Innovation Award.

Clinical research

Meet the full editorial team for Heliyon Clinical research.
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Dr. Carolyn Mackintosh-Franklin

Dr. Carolyn Mackintosh-Franklin has had an extensive career in both clinical practice and higher education working at the
University of Bradford, University of Liverpool, University of Hull and currently working at the University of Manchester.
She received her first degree from the University of Newcastle Upon Tyne, her MSc from the University of Manchester
and doctorate from the University of Bradford. She is also a registered nurse specializing in the assessment and
management of acute and chronic pain. Her research interests are broad ranging; encompassing work on health care
professionals’ attitudes towards those in pain, aspects of pain assessment and management, and pedagogic research
into learning needs of mature students, with a range of highly cited publications and conference presentations in these
areas.

P/

Dr. Avril Mansfield, R.Kin, PhD

Avril Mansfield received a BSc in Sport and Exercise Science and MSc in Biomedical Engineering from the University of
Limerick, Ireland, and PhD in Medical Science from the University of Toronto, Canada. She is also a Registered
Kinesiologist. She is appointed as a Senior Scientist at KITE-Toronto Rehabilitation Institute, University Health Network,
and is cross appointed as an Associate Professor in the Department of Physical Therapy at the University of Toronto, and
Affiliate Scientist with the Hurvitz Brain Sciences Program, Evaluative Clinical Sciences, Sunnybrook Research Institute.
Her research aims to improve safe independent mobility among older adults and people with neurological injury and
disease by improving balance control, reducing falls and injury risk, and increasing participation in exercise and physical
activity. Her work spans basic research in motor control and motor learning, clinical trials, and implementation.

Prof. Giuseppe Musumeci

Giuseppe Musumeci received a BSc, MSc and PhD in Sport and Exercise Science from the University of Catania, Italy.
Currently, he works as a Full Professor of Sport and Exercise Science at the Department of Biomedical and
Biotechnological Sciences, School of Medicine, University of Catania, Italy. He is also an Adjunct Professor at the Faculty
of Sport Sciences, Fujian Normal University, Fuzhou, China. Prof. Musumeci is the Director of the Research Center on
Motor Activities (CRAM), the Director of the School of Posturology and Physical Exercise Sciences, the Dean of the
Human Movement Sciences Faculty and the Head of the Movement Innovation PosturalLab at the University of Catania.
Musumeci’s research interests are centred on preventive and adapted physical activity for all chronic non-communicable
diseases and kinesitherapy and posturometric activity for the main paramorphism and dysmorphisms of our body. Other
research topics of interest are osteoarthritis and musculoskeletal disorders and the relative effects of diet, ageing and
physical activity.

Computer science

Meet the full editorial team for Heliyon Computer science.
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Assoc. Prof. Jonathan Chan

Assoc. Prof. Jonathan H. Chan is an associate professor of computer science and a co-founder of D-Lab at the School of
Information Technology, King Mongkut's University of Technology Thonburi, Thailand. Jonathan holds a Ph.D. from the
University of Toronto, where he has also served as a visiting professor. In addition to his role as the section editor

of Heliyon Computer science, Dr. Chan is an action editor of Neural Networks, and a member of the editorial boards

of International Journal of Machine Intelligence and Sensory Signal Processing, International Journal of Swarm
Intelligence, and Proceedings in Adaptation, Learning and Optimization.

Dr. Chan is a founding member and a current VP of the IEEE-CIS Thailand Chapter, and a senior member of IEEE, ACM,
and INNS, a member of the Professional Engineers of Ontario (PEO), and a governing board member of APNNS. He also

holds an NVIDIA Deep Learning Institute (DLI) University Ambassadorship and is a certified DLI instructor. His research
interests include intelligent systems, biomedical informatics, and data science and machine learning in general.

Dentistry

Meet the full editorial team for Heliyon Dentistry.

-

Gaetano Isola, PhD

Dr. Gaetano Isola qualified in Dentistry at the University of Messina, Italy and obtained his PhD in “Physiopathology of the
Stomatognatic Apparatus and Dental Materials” at the University of Turin, Italy. He is a visiting research fellow at the
Laboratory of the Study of Calcified Tissues and Biomaterials at the Department of Periodontology, Université de
Montréal, Canada. Dr. Isola did an advanced course in periodontology at the University of Ferrara and a 3-year certificate
in oral surgery at the University of Naples “Federico II.” He is a visiting Professor at the Department of Periodontology,
University of North Carolina at Chapel Hill, USA and at the Department of Oral Surgery, University of Granada, Spain. He
is also a visiting researcher at the Department of Implantology and Oral Surgery, University of Bern, Switzerland, and the
Department of Periodontology, Eastman Dental Institute, London.

Dr. Isola is an active member of the Italian Society of Oral Surgery (SIdCO) and of the International Piezoelectric Surgery
Academy (IPA). He serves on the board of the International Association of Dental Research (IADR) and is a member of
the Italian Society of Periodontology (SIdP), as well as an active member of the International IADR Constitution
Committee of the International Association of Dental Research (IADR) (2016-2019 and 2019-2022).

His main research interests focus on the clinical, biological, and pharmacological aspects of periodontitis, and the
relationship between oral health and systemic health and the pre-neoplastic disorders.

Earth science

Meet the full editorial team for Heliyon Earth science.
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Prof. Ahdrew S. Hursthouse

Professor Hursthouse is a professor of environmental geochemistry at the University of the West of Scotland (UWS) and
holds a Ph.D. in environmental radioactivity from University of Glasgow and a B.Sc. degree in geochemistry from
University of Reading. He holds a 100 talent high-end expert fellowship at Hunan University of Science & Technology,
Xiangtan, PRC. He has editorial roles in several earth and environmental science journals and has worked in academic
and industrial research environments.

Professor Hursthouse’s areas of interest and expertise are in earth process interactions and the environmental
geochemistry of metallic elements, resource exploitation and implications for human health, and this approach also
applied to environmental pollution, industrial processes, economic development and society; remediation and treatment of
chemical pollution; chemical and environmental hazards, waste and environmental management and regulation.

Education

Meet the full editorial team for Heliyon Education.

Prof. David Gonzalez-Gémez

Heliyon Education is led by Section Editor David Gonzalez-Gémez, Ph.D. Dr. Gonzalez-Gémez is a Professor in the
Department of Science and Mathematics Education and the Dean of the Teaching Trainer School at the University of
Extremadura (Spain). Dr. Gonzalez-Gomez is known internationally for work in science education; science, technology,
engineering, and mathematics (STEM); active learning methodologies for teaching science; affective domain in the
science learning process; education for the sustainability; SDGs. Currently, he is an advisory council of the Science,
Technology, and Innovation of Extremadura government in Spain.

Energy

Meet the full editorial team for Heliyon Energy.

1

Dr. Socrates Kaplanis

Prof. Socrates Kaplanis obtained his degree in physics from University Thessaloniki, a MSc in nuclear reactors from
Aston University, and a PhD in radiation detection and modelling from the University Patra. He has held academic
positions including professor of renewable energy systems at the Technological Educational Institute of Patra, head of the
renewable energy systems laboratory, honorary professor and doctor honoris causa at the Transylvania University in
Brasov, and as a visiting professor at the University of Applied Sciences in Aachen, Germany.

Prof. Kaplanis has a research background in solar radiation, prediction modelling, zero and intelligent energy buildings,
PV systems engineering, solar thermal engineering, and PV based hybrid systems. He has held various posts, including
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president of the Technological Educational Institute of Patra, president of the Technological Educational Institute of
Western Greece, and vice-president and President of the European Institutions in Higher Education (EURASHE).

Engineering

Meet the full editorial team for Heliyon Engineering.

Prof. Andrea Francesco Morabito

Professor Andrea Francesco Morabito received his Ph.D. in computer, biomedical, and telecommunications engineering
from the University of Reggio Calabria, Italy, where he has also served as an assistant professor in electromagnetic fields
since 2010. His research work is mainly focused on models and effective strategies for the solution of inverse problems,
in particular, antenna synthesis, phase retrieval, and electromagnetic inverse scattering.

Prof. Mohammad Mehdi Rashidi

Professor Mohammad Mehdi Rashidi received his Ph.D. in mechanical engineering from Tarbiat Modares University, Iran.
He is currently a professor of mechanical engineering at Tongji University in Shanghai, China, and previously taught at
Bu-Ali University in Iran. Prof. Rashidi was named a 2018 highly cited researcher by Clarivate Analytics.

Environment

Meet the full editorial team for Heliyon Environment.
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Prof. Frederic Coulon

Professor Frederic Coulon holds a chair in Environmental Chemistry & Microbiology at Cranfield University, UK. In
addition to his position as section editor for Heliyon Environment, Prof. Coulon is an associate editor for Environment
International and Science of the Total Environment. His professional interests include: soil and water chemistry; fate and
transport of chemicals in surface and subsurface waters; water and wastewater treatment; soil and sediment treatment;
hazardous waste site remediation; energy and environment; population and environment; and public communication of
environmental science and engineering. His research achievements address international priorities under the umbrella of
the Water-Soil-Waste nexus across sectors and scales. His work is premised on the understanding that environmental
resources are inextricably intertwined and therefore there is a need of advancing a nexus approach to enable integrated
and sustainable management of water, soil and waste systems.
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Prof. Christian Sonne

Professor Christian Sonne, DVM, PhD, DScVetMed, Dipl. ECZM-EBVS, holds a professorship in veterinary ecotoxicology
and wildlife medicine at Aarhaus University, Denmark. In addition to his position as section editor for Heliyon Environment,
Prof. Sonne serves as special issues editor for Environmental Pollution. Since 1997, Prof. Sonne has specialized in the
cross-field of biological effects from exposure to environmental chemicals, diseases and climate change, giving him a
unique insight and profile working with a broad range of animals including predatory mammals, raptorial birds, sea birds,
fish and humans. He has a broad insight and interest in internal and reproductive organs (histopathology, size, and
morphology), skeletal system (bone density and morphology using e.g. DXA scanning), immune system (intra dermal
testing of lymphocyte functioning, immune globulin production and cytokine and APP expressions), endocrine system
(steroid and peptide hormones), PBPK modelling, blood biochemistry and infectious diseases (zoonosis). Prof. Sonne
uses his global network to obtain interdisciplinary research results. Since 2015, he has applied his in-depth knowledge
and understanding of biological processes to also include specific un-solved wildlife issues in Denmark (eider duck
population declines) and health of raptors. Recently his innovative approaches have led to the first interactions with
private industry focusing on natural resources developments and translational medicine within insulation, osteoporosis
and metabolic syndrome. Prof. Sonne also specializes in surgical field implantations of intra-coelomic (abdominally) and
subcutaneously satellite transmitters (PTTs) in various sea bird species and immobilization of deer spp.

Food science and nutrition

Meet the full editorial team for Heliyon Food science and nutrition.

Dr. Lilian Mariutti

Dr. Lilian R. B. Mariutti received her aaster and doctorate degrees in food science from the School of Food Engineering -
University of Campinas, Brazil, where she currently has a position as assistant professor. She was a researcher fellow in
the Laboratory of Veterinary Drug Residues of the Brazilian Ministry of Agriculture, Livestock and Food Supply. Her
research focuses on the identification and bioaccessibility of bioactive compounds and lipids and design of food
ingredients from non-conventional sources.

Genetics

Meet the full editorial team for Heliyon Genetics.

Qiang Wu, PhD

Dr. Qiang Wu is an associate professor in the State Key Laboratory of Quality Research in Chinese Medicine, Macau
University of Science and Technology. He obtained his Ph.D degree from National University of Singapore in 2003. He
then received his postdoc training in Genome Institute of Singapore (Mentor: Prof Huck Hui Ng) and the Gurdon Institute,
University of Cambridge (mentor: Prof Magdalena Zernicka-Goetz). He went back to National University of Singapore as
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an assistant professor in 2009. He joined Macau University of Science and Technology in 2017.

Dr. Wu'’s research interest is to study how genetic and epigenetic factors determine stem cell fates and regulate cancer
progression with a combination of molecular, cellular and high throughput approaches.

Global Health & Infectious Diseases

Meet the full editorial team for Heliyon Global Health & Infectious Diseases.

Dr. Chaisiri Angkurawaranon
Public Health
Chiang Mai University, Chiang Mai, Thailand

Chaisiri Angkurawaranon received his MD from Chiang Mai University and specialises in Family Medicine. He received a
Masters in Medical Statistics and a PhD in Non-communicable Disease Epidemiology from the London School of Hygiene
and Tropical Medicine. His research focuses on global health issues related to ageing and chronic conditions (both
communicable and non-communicable) in primary care.

Prof. Keertan Dheda, PhD
Infectious Disease
London School of Hygiene & Tropical Medicine, London, United Kingdom

Professor Keertan Dheda is a hospital-based general physician, pulmonologist, and a critical care specialist who heads
up the Division of Pulmonology at Groote Schuur Hospital and the University of Cape Town. He is a South African
National Research Foundation ‘A-rated clinician scientist and has professorial appointments at the University of Cape
Town and the London School of Hygiene and Tropical Medicine. He serves on several national and international
academic and advisory bodies, including the editorial boards of the American Journal of Respiratory and Critical Care
Medicine and Lancet Respiratory Medicine.

Assoc. Prof. Nitika Pant Pai
Infectious Disease
McGill University, Montreal, Canada

Dr. Nitika Pant Pai is a tenured Associate Professor in the Department of Medicine at McGill University. Her global
implementation research program for the past twenty years is focused on point-of-care diagnostics for HIV and other
sexually transmitted blood borne infections; specifically the innovation, implementation and impact of digital strategies
with rapid diagnostics and wearable solution. She develops integrated connected strategies with digital innovations,
Bayesian diagnostics, artificial intelligence to plug health service delivery gaps in diagnostics in rapid diagnostics. She
serves to inform domestic and global policy on point-of-care diagnostics.
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Her research program is based in Canada, India and South Africa. She has led many diagnostic trials, cohort/cross
sectional studies, meta-analyses, systematic reviews, modelling studies, to inform the gaps in policies to end the HIV
epidemic. Her research has been supported by grants from the Canadian Institutes of Health Research, the FRQS, Grand
Challenges Canada, Bill and Melinda Gates Foundation, National Institutes of Health, MRC SHIP, South African DST, IC-
IMPACTS, Clinton Health Access Initiative, among others.

She has served on many technical working groups for national and international agencies: WHO, Foundation for
Innovative Diagnostics, PSI, The Bill and Melinda Gates Foundation, ASLM, CDC, PHAC, REACH, among others. She
has advised the office of the US Congress on multiplex testing. She has also contributed to HIV self-testing guidelines
and policy guidance for HIV self-testing for the WHO. She serves the Strategic Advisory Board of the Foundation for
Innovative Diagnostics and is on WHO’s Roster of Digital Health Experts. She serves on the Editorial Moard for
biomedical journals and regularly reviews for key international health agencies.

She is an elected member of the College of New Scholars, Artists & Scientists of the Royal Society of Canada.

LAY

Dr. Ma;coé Roberto Tovani-Palone

Marcos Roberto Tovani Palone completed his MSc from the Hospital for Rehabilitation of Craniofacial Anomalies,
University of Sdo Paulo, Brazil, and PhD in Experimental Pathology from Ribeirdo Preto Medical School, University of Sdo
Paulo, Brazil. He is a DDS specializing in different fields of health, including pediatric dentistry, syndromes and
craniofacial anomalies, health management, and health surveillance. He has published more than 100 papers in reputed
journals and has been serving as an editorial board member of important biomedical journals. His main research interests
focus on pediatric pathology, orofacial clefts, general medicine, dentistry, global and public health. More recently in 2021,
he obtained the degree of Public Administration. With an ongoing involvement in many projects and high impact research
activities, he has established important international collaborations with researchers from all over the world.

Immunology

Meet the full editorial team for Heliyon Immunology.

Mats Waldemar Johansson, PhD

Immunology, Eosinophils

Dr. Mats W. Johansson received his PhD degree in biology within the research field of invertebrate immunology/innate
immunity at Uppsala University, Sweden, was a postdoctoral fellow in cell biology at the Sanford Burnham Prebys Medical
Discovery Institute, La Jolla, California, USA, and was then an Assistant and Associate Professor, and Director of Studies
of biology at Uppsala University. He is currently a Senior Scientist and Research Professor (honorific) at the Morgridge
Institute for Research, Madison, Wisconsin, USA, and affiliated as an Honorary Associate/Fellow with the Division of
Allergy, Pulmonary and Critical Care Medicine of the Department of Medicine and the Department of Biomolecular
Medicine, University of Wisconsin-Madison. Since coming to Madison he has done research on eosinophil biology,
asthma, and eosinophilic esophagitis (EoE), and now recently also COVID-19.

Information Science

Meet the full editorial team for Heliyon Information Science.
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Prof. Gregorio Gonzalez Alcaide

Gregorio Gonzalez-Alcaide (PhD) is a full Professor at the Department of the History of Science and Library & Information
Sciences, at the University of Valencia.

Dr. Gonzalez Alcaide teaching activities include Bibliometrics, skills in writing and academic communication and
processes for evaluating research activities. He has also worked to raise awareness on the importance of academic
honesty, to discourage behaviors like plagiarism and to foster respect for the ethical principles that must guide the
research and publication process.

His main line of research has focused on the study of scientific collaboration by means of Bibliometrics and social network
analysis as research methodologies. His studies have aimed to determine the extent of cooperative practices, structural
properties, and the characteristics of scientific networks at different analytical levels (authors, institutions, and countries)
and in different disciplines or areas of knowledge. He has also investigated cooperative practices as a process and
researchers’ perceptions with regard to this phenomenon, combining quantitative and qualitative approaches based on
surveys and interviews.

Materials science

Meet the full editorial team for Heliyon Materials science.

Prof. Luis M. Gandia

Luis M. Gandia is a full professor of chemical engineering at the Public University of Navarre (UPNA) since 2010. Prof.
Gandia obtained his Ph.D. in chemistry at the Faculty of Chemistry of the University of the Basque Country in
Donostia/San Sebastian in 1993. He is a founding member of the Institute for Advanced Materials (InaMat) at UPNA. He
is the head of a multi-disciplinary research team mainly working on renewable resources valorization and the
development of catalytic materials for environmental and energy applications. His research interests include: preparation
and physico-chemical characterization of heterogeneous catalysts; structured and micro-structured catalysts and
chemical reactors; photocatalysis; biofuels and synthetic fuels; hydrogen energy; Li-ion batteries; methane conversion;
CO,, valorization and Computational Fluid Dynamics (CFD).

Mathematics

Meet the full editorial team for Heliyon Mathematics.

AN
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Prof. Hemann J. Eberl

Dr. Hermann Eberl is a professor in the Department of Mathematics and Statistics at the University of Guelph (Canada),
where he is also the director of the Biophysics Interdepartmental Graduate Program. Prior to joining the University of
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Guelph he obtained his graduate degrees (Dipl.Math., Dr.rer.nat) at the Technical University of Munich (Germany) and
was a postdoctoral fellow first at the Delft University of Technology (the Netherlands), and then at the GSF National
Research Center for Environment and Health in Oberschleissheim (Germany).

His research is in mathematical modelling, analysis, and simulation of biological systems and their interaction with their
physical environment. This encompasses dynamical systems, partial differential equations, numerical analysis and
scientific computing. The two primary strands of his research in recent years were the development and application of
mathematical methods in biofilm research and mathematical modelling of honeybee colonies and their diseases.

Assoc. Prof. Yilun Shang, PhD

Dr. Yilun Shang is an Associate Professor in the Department of Computer and Information Sciences at Northumbria
University (UK), where he is also the Program Lead of MSc Artificial Intelligence. Prior to joining Northumbria, he obtained
his BS and PhD degrees in Mathematics from Shanghai Jiao Tong University (China) and was an Associate Professor of
Mathematics in Tongji University (China).

His research interests mainly include complex networks, nonlinear dynamics, applied probability, combinatorics,
algorithms, and computation. Some primary strands of his research in recent years were the topological indices of graphs,
network resilience, random graphs, and distributed cooperative control of multiagent systems.

Microbiology

Meet the full editorial team for Heliyon Microbiology.

"
Assoc. Prof. Dana Stanley

Associate Professor Dana Stanley was awarded a PhD in molecular microbiology from Victoria University, Melbourne, in
2009. Her PhD project, “Generation and Characterisation of Ethanol-Tolerant Saccharomyces cerevisiae Mutants,”
investigated the molecular and metabolic determinants of ethanol tolerance in yeast and was awarded “the most
outstanding PhD in 2009” by the University. Prof. Stanley held a postdoctoral position in CSIRO’s Animal Health
Laboratories (AAHL), one of the world’s most sophisticated animal research laboratories, where she researched poultry
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ARTICLE INFO ABSTRACT

Keywords: Introduction: Nigella sativa L. is an herbal plant with Thimoquinone as the main therapeutic properties. This plants
Nigella sativa L. has been shown to cure for various diseases and affected the immune system by modulating cytokines and T
Immunomodulator regulatory cell (Treg) sot that able to prevent renal injury in several diseases, but studies on Systemic Lupus
Lupus Erythematous are still rare.

Renal

Objective: This study aimed to investigate immunomodulation and preventive effects of Nigella sativa L. on renal
tissue damage in Pristane induced Lupus (PIL)-mice model.

Methods: This true experimental study included 48 female Balb/C mice, 38 mice were injected pristane intra-
peritoneally and waited 16 weeks to become lupus model. Only 30 mice met the Systemic Lupus International
Collaborating Clinics criteria. Ten healthy mice were used as control, 30 PIL mice model divided into 3 groups
(placebo, steroid, Nigella sativa L.). At the end of 28 days of treatment, the mice were sacrificed to take a blood
sample and kidney organ to evaluate the injury histopathologically.

Results: The results showed that the cytokine expression Interleukin (IL) (IL-17, IL-6, IL-23) in the Nigella sativa L.
group was the lowest. The highest absolute number of Tregs was the steroid group followed Nigella sativa L. group.
Renal injury assessed histopathologically showed the Nigella sativa L. group was the lowest and almost close to
normal.

Conclusion: This study indicate that Nigella sativa L. has an immunomodulatory effect and can prevent kidney
injury PIL-treated mice. We suggest that Nigella sativa L. may need to be considered for further research on its use
as a complementary supplement in lupus patients.

1. Introduction

Systemic Lupus Erythematous (SLE), is a chronic autoimmune dis-
ease, with the main problem is the dysregulation of the immune system
and its response to self-antigens, causing damage to various organs and
tissues (La Paglia et al., 2017; Kaul et al., 2016). In some studies, the
prevalence of renal injury in SLE is 41-55% (Hiraki et al., 2008; Osio--
Salido and Manapat-Reyes, 2010; Hamijoyo et al., 2019), is mainly
associated with the disorder of the immune system, deposition of im-
mune complexes in the tissues resulting in inflammation and secretion of
pro-inflammatory cytokines (Yap and Lai, 2010; Cunha and
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Gilek-Seibert, 2016). Consequently, alternative treatment is needed to
protect the renal, such as an immunomodulator. Imnmunomodulation is
interpreted as a temporary alert in certain parts of the immune system
which can change caused by the agents that activate or suppress its
function, and acts to regulates the immune system (Wen et al., 2012).
Glucocorticoid and immunosuppressant are still the main drugs that
signify applied in SLE with broadside effects that are not specific, so that
long-term use will cause severe problems for SLE patients and even lead
to death (Kudo, 2015; Giraldo et al., 2012; Amissah-Arthur and Gordon,
2010). Lupus drug side effects vary widely depending on dosage and the
length of treatment. For a long time using, it leads to clinical
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complications such as secondary infection, cataracts, musculoskeletal
diseases including osteoporosis, vascular necrosis, and myopathy, and
also cardiovascular complications such as myocardial infarction and ce-
rebrovascular disease (Oon et al., 2018; Sinha and Bagga, 2008; Kasturi
and Sammaritano, 2016). It is necessary to find an alternative source
with effective, safe, cheaper immunomodulator agents for SLE patients.

Nigella sativa L., also known in Indonesian as Habatussauda or Jinten
Hitam (Black Cumin), has been utilized for resolving numerous diseases
since hundreds of years ago and was generally used in traditional medi-
cine (Kabir et al., 2020). Nigella sativa L., seeds contain fixed oil, proteins,
alkaloids, saponins, and essential oil. There are variant of compounds
present in Nigella sativa L., including thymoquinone (TQ), thymohy-
droquinone, dithymoquinone, p-cymene, a-thujene, y-terpinene, carva-
crol, o-pinene, B-pinene, 4-terpineol, and sesquiterpene longifolene,
carvone, limonene, and citronellol. TQ is one of the active compounds in
Nigella sativa L. and it has been widely investigated in various diseases.
Previous studies of Nigella sativa L. showed antimicrobial, antibacterial,
antifungal, antiparasitic, anticancer, anti-Inflammatory, and immuno-
modulatory activities (Kabir et al., 2020; Islam et al., 2017). The
biological effects of Nigella sativa L. are attributed to the various experi-
mental studies on animal models have proven that it acts as the immu-
nomodulator in autoimmune diseases by reducing cluster of
differentiation (CD)8+ and increasing the percentage of CD4+ CD25+ T
cells in rheumatoid arthritis (RA) patients (Kheirouri et al., 2016). It also
proved to increase the percentage of Treg and decreased T helper (Th)17
in asthma mice models (Barlianto et al., 2012). Nigella sativa L. powder
can modulate the immune response by lowering IL-23 in people with
Hashimoto's thyroiditis (Tajmiri et al., 2016) and production of autoan-
tibodies in several other autoimmune diseases (Hmza et al., 2013; Far-
hangi et al., 2016). Moreover, it can also be used to protect the kidney
from various diseases. However, the immunomodulatory and preventive
effect of Nigella sativa L. in renal tissue of SLE patient has not been studied
in a systematic context. Therefore, this study was done to evaluate the
immunomodulator and renal tissue preventive effect of Nigella sativa L.
extract in the lupus mice model.

2. Material and methods
2.1. Animals

BALB/c female mice (age 6-8 weeks, 20-30 g) have been supplied
from Universitas Islam Negeri Malang, Indonesia. Animals were adapted
for one week before starting the experiments under appropriate tem-
perature, humidity, and light conditions. They were fed a common diet
and very free access to libitum ad air. All mice were maintained at the
Pharmacy Laboratory, Faculty of Medicine, Universitas Brawijaya,
Indonesia.

2.2. Materials

Nigella sativa L. was obtained from Materia Medica Batu, Malang,
Indonesia, and extracted at the Pharmacy Laboratory, Universitas Air-
langga, Indonesia. Nigella sativa L. seeds were ground and then extracted
with ethanol solvent using the soxhletation method. The resulting
mixture was vortexed for 1 min and sonicated for 20 min. In addition,
incubated with ethanol solution for 24 h in a constant rotamix and
Soxhlet machine, then vortexed again for 1 min and centrifuged for 25
min at 1400 rpm. The content of TQ in the extracted Nigella sativa L. was
examined for levels using the High-Performance Liquid Chromatography
(HPLC) method. The centrifuged supernatant of 20 L was injected into
the HPLC machine in the water-ethanol mobile phase (25 + 75, v/v) with
a flow rate of 1 mL/min. Quantification was achieved by UV-Vis Spec-
troscopy detection at 254 nm. A 0.2%. Sodium Carboxymethyl Cellulose
(Na CMC) solution was prepared by weighing 40 mg of Na CMC. Prepare
about 20 ml of hot water in a mortar. Sprinkle 40 mg of Na CMC into 20
ml of hot water in a mortar and grind it well. This liquid is used to
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disperse steroids according to the dose used then given with a forced
feeding as much as 0.5 ml. Pristane was given 0.5cc intraperitoneally for
each mouse and was obtained from Sigma-Aldrich, Singapore for this
study.

2.3. Experimental design

The study design was a randomized post-test-only control group
design. The PIL-treated mice are developed within 16 weeks after a 0.5 cc
single intraperitoneal pristane injection and fulfill Systemic Lupus In-
ternational Collaborating Clinics (SLICC) criteria (alopecia, arthritis
characterized by swelling of 2 or more joints, and increased anti-dsDNA
autoantibodies). Pristane can induce systemic lupus with a variety of
symptoms such as organ involvement and autoantibodies in a variety of
mouse strains. Pristane intraperitoneal injection will stimulate the for-
mation of autoantibodies associated with lupus in the face of multiple
nuclear antigens (Yan et al., 2020; Freitas et al., 2017; Li et al., 2017).
BALB/c female mice were divided into four groups which are categorized
into healthy group and 3 treatment groups. The treatment groups are
Placebo group (PIL+ Na CMC 0.2% for 28 days-intragastrical), Steroid
group (PIL + Prednisone 0.346 mg-0,369 mg (converted from human
dose 1 mg/kg + Na CMC 0.2% for 28 days-intragastrical) and Nigella
sativa L. group (PIL+ extract Nigella sativa L. 4.8 g/kg/day + Na CMC
0.2% for 28 days-intragastrical). On the first day of the 21st-week
treatment, the mice were sacrificed to take the blood sample and to
remove the renal organ for blood and histopathological evaluation.

2.4. Blood evaluation

The autoantibody concentrations against double stranded deoxy-
ribonucleic acid (dsDNA) were measured by enzyme-linked immuno-
sorbent assay (ELISA) microplate reader. Flat-bottomed 96-well plates
coated with recombinant human dsDNA, sample buffer, wash bulffer,
tetramethylbenzidine substrate, and stop solution (1M HCI) were pro-
vided by Aesku Diagnostics (Wendelsheim, Germany). An antibody
detection (horseradish peroxidase-conjugated goat anti-mouse IgG) was
purchased from Chemi-Con. Diluted probes (1:500 and 1:5000; standard
probes were continuously diluted in sample buffer to set a standard
curve) were incubated for 1 h at room temperature and, after 3 washing
steps, were subsequently incubated with detection antibody (peroxidase-
labeled goat anti-mouse Immunoglobulin (Ig)G, dilution 1:1000 in
diluent buffer, Chemicon) for 15 min at room temperature. After 3
additional washing steps, 100 pl of tetramethylbenzidine substrate was
added. After 15 min, the reaction was stopped by adding 100 pl of stop
solution (1M HCI). Finally, optical density was determined with an ELISA
reader (Rainbow reader; SLT Labinstruments, Groding, Austria) at the
wavelength of 450 nm. Analyses were performed in duplicate treatment.
Anti-dsDNA titers are given as units per milliliter. IL-6 expression was
measured based on the count relative percentage of IL-6 expressed by
macrophage using IL-6 PE/Cy5.5-conjugated anti-mouse IL-6 (trademark
Clone NBPIL, Novus biologicals, LLC). CD11b is the marker of macrophage
surface cells, were measured using CD11b FITC anti-mouse/human
CD11b (clone: M1/70, BioLegend). The measurement of IL-6 was con-
ducted using flow cytometry. IL-17 expression was measured based on
the count relative percentage of IL-17 expressed by Th-17 using IL-17
marker PerCP/Cy5.5 anti-mouse IL-17A (Trademark Clone TC11-
18H10.1, BioLegend). CD4 is the marker of T helper (Th) cells surface,
were measured using FITC anti-mouse CD4 (Trademark Clone H129.19,
BioLegend). The measurement of IL-17 was conducted using flow
cytometry. IL-23 expression was measured based on the count relative
percentage of IL-23 expressed by macrophage using PE-conjugated rat
antimouse IL-23 (Trademark Alexa Fluor 488, eBioscience). The mea-
surement of IL-23 was conducted using flow cytometry. CD11b is the
marker of macrophage surface cells, were measured using CD11b
Monoclonal Antibody (trademark Thermo Fisher Scientific, BioLegend).
The Treg cells were count based on the percentage of absolute count of
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Treg cells: CD4 + CD25 + FoxP3 + IL-10 multiply by total lymphocyte
cells. CD4 were measured using FITC anti-mouse CD4 (clone H129.19,
BioLegend), CD25 were measured using PE anti-mouse CD25 (clone:
3C7, BioLegend), FoxP3 were measured using Alexa FluorR 647 anti-
mouse/rat/human FOXP3 (Trademark Clone: 150D, BioLegend), and
IL-10 were measured using PE/Cy7 anti-mouse IL-10 (trademark Clone:
JES5-16E3, BioLegend).

2.5. Histopathology findings

Renal of mice were fixed by immersing them in 10% Neutral buffered
formalin (NBF) solution for 24 h and cutting the tissue with a maximum
size of 1 x 1 cm. Tissue was taken from 10% NBF solution and placed to
the 70%, 80%, 90% alcohol solution for 1 day, respectively. Then, it is
purified and replaced with xylol chemicals that possibly mixed with
dehydrants and paraffins. The tissue was immersed in the xylol solution 2
times for 30 min (xylol I 30 min, xylol II 30 min). Then do immersion
(infiltration/impregnation/embedding). The tissue was put in liquid
paraffin at 56-60 °C for 3 x 1 h in an incubator (paraffin I 1 h, paraffin II
1 h, paraffin IIT 1 h). After Blocking/Casting, the tissue was inserted into
the printer and then put into the cube and paraffin chamber. The paraffin
blocks were stored overnight and sliced using a microtome with a
thickness of 5-10 m and then placed in a water bath at 50 °C. After the
paraffin tape was well developed, attach the paraffin tape to an object-
glass coated with albumin + glycerin, dry and Hematoxylin and Eosin
(HE) and Periodic acid-Schiff (PAS) staining processes. The preparations
were affixed with a cover glass which had been added with a single drop
of Canadian balsam. The preparations were viewed using a binocular
microscope Then, light microscopy observations make under a binocular
microscope—the finding record at the initial magnification of x400. The
degree of renal damage was based on histopathology, while the classi-
fication was based on the International Society of Nephrology and the
Renal Pathology Society (ISN/RPS) classification of Lupus Nephritis (LN)
(Pinheiro et al., 2019; Sada and Makino, 2009). Organ fragments are
printed by a pathologist expert using the LN activity index (AI) method
by the National Institutes of Health (NIH). NIH-AI is a semi-quantitative
grading system of pathologic features on renal biopsies that allows for
monitoring response for treatment and showing disease progression. LN
disease activity can be assessed on a renal biopsy using the modified NIH
activity and chronicity indices. Indicators of disease activity involve
endocapillary hypercellularity, neutrophils or karyorrhexis within
glomerular capillary loops, fibrinoid necrosis, hyaline deposits, cellular
or fibro cellular crescents, and interstitial inflammation. Crescents and
fibrinoid necrosis are weighted twice as they have a worse impact on
prognosis. The scoring is referred to the percentage of glomeruli with
each feature in the biopsy on a scale of 0-3, with a score of 0 = not
present, 1 = <25% glomeruli, 2 = 25-50% glomeruli, and 3 indicating
>50% glomeruli. NTH-AI was used to measure the progression of LN
(Bajema et al., 2018; Fava and Petri, 2019).

2.6. Assessment of CD34 cells by flow cytometry

All spleen is crushed and homogenized in a mortar using the sterile
pestle as well as a fine mesh metal sieve inside a Petri dish added with
phosphate buffer salt (PBS). Then, the suspension of the existing cells is
inserted into the Falcon tube and centrifuged (2500 rpm, for 5 min at 10
°C) with a fried centrifuge (Hermle Z326K). Then eliminate the super-
natant. Pellets containing spleen are inserted into microtubes with PBS
and dicryopreserved using fetal bovine serum (FBS) and dimethyl sulf-
oxide (DMSO) with a maximum duration of 14 days until further eval-
uation using flow cytometry. Showing the flow cytometry experiments,
so splenocytes unfroze. Resuspend using RPMI medium 1640 at room
temperature, then rinsed and centrifuged (1500 rpm for 10 min at 4 °C)
twice, then resuspended using FBS and PBS. Stained samples are stored
for 1 h in darkrooms at 4 °C-8 °C with CD34 anti-mouse monoclonal Abs
(BD Biosciences). Cells were permeabilized using Biolegend as

Heliyon 8 (2022) e09242

permeabilization buffer with a ratio of 1:10 for dilution on stains for
intracellular Foxp3. Shortly after incubation with monoclonal abs, then
the sample is centrifuged and washed using PBS and then repaired using
4% paraformaldehyde. Then conducted flow cytometry analysis using
flow cytometer BD FACS Calibur.

2.7. Statistical analysis

Statistical analysis was conducted using SPSS version 25.
Normality test and homogeneity test was done to determine the data
distribution using Shapiro-Wilk test, and continue with: The one-way
ANOVA, for a normal variable with distribution and homogenous, post
hoc using LSD multiple comparison Kruskal-Wallis test, for normal
distribution but not homogenous, post hoc analysis using the Mann-
Whitney U test.

2.8. Research ethics

This study was performed under ethical standards for animal exper-
imentation, and the Ethical Committee approved it, Faculty of Veterinary
Medicine, Universitas Airlangga, Indonesia (Ethical Clearance No.
2.KE.165.08.2019).

3. Results

Forty-eight mice were recruited and 38 mice were injected with
pristine-intraperitoneal. Only 30 mice still alive and have been success-
fully fulfilled SLICC criteria lupus. Ten mice were used as healthy group.
The profile of animal subjects was summarized as follows.

3.1. Serum levels of anti-dsDNA antibodies

The mean results of measuring serum levels of anti-dsDNA antibodies
in Healthy, Placebo, Steroid, and Nigella sativa L. groups are presented in
Table 2 and Figure 1. The mean serum levels of anti-dsDNA antibodies
were higher in the Placebo group compare to the Healthy, Steroid, and
Nigella sativa L. groups. From the results o, a p-value of <0.001 showed
that there were at least two groups that were significantly different. From
the results of the test between groups, the mean levels were significantly
higher in the Placebo group (57.88 + 0.84) compared to the Healthy
group (45.32 + 2.56; p < 0.001), Steroids (52.86 + 1.80; p < 0.001) and
Nigella sativa L. group (49.01 + 1.17; p < 0.001). Anti-dsDNA antibody
levels in the Nigella sativa L. group were significantly lower compared to
the Steroid group (p < 0.001).

3.2. IL-17 expression of lupus mice models

The IL-17 expression represents as the percentage of CD-4" IL-17" as
summarized at Figure 1 and Table 2. The percentage of IL-17 expression
is significantly higher in Placebo group (2.51 =+ 0.72) compared to
Healthy (0.89 + 0.52, p < 0.001), Steroid (1.39 + 0.27, p < 0.001) and
Nigella sativa L. group (0.97 + 0.31; p < 0.001). The percentage of IL-17
expression is lower at Nigella sativa L. group than Steroid group (0.97 +
0.31 vs 1.39 £+ 0.27 vs., p < 0.05).

3.3. The IL-6 expression of lupus mice models

The result of the IL-6 expression is presented as the average per-
centage of CD-11b" IL-67, as summarized in Table 2 and Figure 1. The
placebo group has a higher IL-6 level compared to the Healthy, Steroid,
and Nigella sativa L. group (p < 0.001). Expression of IL-6 was higher at
Placebo group (2.39 + 0.50) compared to Healthy (0.21 + 0.09) Steroids
(0.49 + 0.07; p < 0.001) and Nigella sativa L. group (0.29 + 0.06, p <
0.001). IL-6 expression on the Nigella sativa L. group was notably lower
than the Steroid group (0.29 + 0.06 vs 0.49 + 0.07, p < 0.001).
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3.4. The IL-23 expression of lupus mice models

The average expressions of IL-23 between the three groups were
summarized in Table 2 and Figure 1. IL-23 at placebo group was higher
compared to Healthy, Steroid, and Nigella sativa L. groups. The result of
the IL-23 expression is presented as the average percentage of CD-11 b™"
IL-23". In Figure 2. The LSD multiple comparisons showed that the
Placebo group has IL-23 level (5.17 + 0.39) higher significantly than
Steroid (3.20 + 0.59%, p < 0.05) and Nigella sativa L. group (1.60 +
0.57%, p < 0.001), and the IL-23 expression of Nigella sativa L. group
is significantly lower than Steroid group (1.60 + 0.57 vs 3.20 + 0.5, p
< 0.001).
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3.5. Treg expression of lupus mice models

The mean absolute Treg cell count was higher in the Steroid group
compare to Nigella sativa L. and Placebo groups. The results of the
normality test of the data using the Shapiro-Wilk test showed that the
data had a normal distribution (p > 0.05), while the results of the Levene
homogeneity test showed that the data were not homogeneous (p < 0.05)
so that the Brown-Forsythe substitute test was used for assessing at the
differences between the two groups. From the results of the Brown-
Forsythe test, a p-value of <0.001 (p < 0.05) was obtained, which
indicated that there were at least two groups that were significantly
different. Test between groups is also needed to determine the value of
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Figure 1. A) Anti-dsDNA analysis of all experimental groups, B) IL-17 analysis of all experimental groups, C) IL-6 analysis of all experimental groups, D) IL-23 analysis
of all experimental groups, E) Treg analysis of all experimental groups, F) Histopathological Class of LN analysis of all experimental groups. Significant effect is

indicated by asterisk (*, p < 0.05; **, p < 0.001).
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Figure 2. Histopathological view of renal sections in Healthy and treatment groups with HE (Hematoxylin and Eosin) staining, 400 HPF (A) The healthy group
showed minimal mesangial matrix enhancement (B) The Placebo group showed hypercellular mesangial matrix, mesangial expansion, endocapillary hypercellularity

dan infiltration of neutrophils.

differences between groups. From the results of the Games-Howell
multiple comparisons test, the mean was significantly higher in the
Steroid group (314,182.38 + 119,942.73) compared to the Placebo
group (99,528.76 + 56,395.11; p < 0.001) as well as with the Nigella
sativa L. group (229,322.63 + 54,432.00, p < 0.001). The mean absolute
number of Treg cells in the Nigella sativa L. group was strongly higher
when compared to the Placebo group as shown in Table 2.

3.6. Effect of Nigella sativa L. on histopathological renal tissue

Histopathological changes of renal in all groups are shown in
Figures 1, 2, 3, and 4. Microscopic examination of the Healthy group
revealed normal renal glomeruli and minimal mesangial matrix
enhancement (Figures 1 and 2). However, renal tissue damage is seen
in the case of intraperitoneal injection of pristane. Diffuse hyper-
cellular endocapillary, mesangial hypercellular, thickened capillaries
and closed vascular endothelium were observed in the Placebo group
(Figures 1 and 2). Mild histopathological lesions were observed in the
Steroid and Nigella sativa L. groups (Figures 3 and 4). Observation of
histological preparations showed that there was protective of renal
structural damage in the Steroid and Nigella sativa L. groups. To assess
the magnitude of the change in pathological scores, performed to
assess the renal based on the ISN/RPS classification of LN by an
anatomical pathologist (shown in Table 1). The Placebo groups
showed a higher grade of LN (IV [IV-IV]) compared to the Healthy
group (I [I-1I], p < 0.05). The Steroid and Nigella sativa L. groups

showed a lower grade of LN (III [II-IV] and II [II-III], p < 0.05)
compared to the Placebo group. The severity of tissue damage in the
renal of Nigella sativa L. group was considerably lower when compared
to the Placebo and Steroid (p < 0.05) groups.

3.7. Effect of Nigella sativa L. on Activity Indices

The effect of Placebo (carboxymethyl cellulose sodium 0.2%), Steroid
(Prednisone), and Nigella sativa L. on renal Activity Index (AI) are shown
in Table 2. Compared with the Healthy group, Placebo presented with
significantly higher AI (4.5 [1-5] vs. 2 [0-3], p < 0.05). The Steroid
group has lower Al when compared to the Placebo group (3 [2-4] vs. 4.5
[1-5], p < 0.05). Nigella sativa L. group significantly has lower Al when
compared to Placebo or Steroid groups (2 [1-3] vs. 4.5 [1-5] or 3 [2-4],
respectively, p < 0.05).

3.8. Effect of Nigella sativa L. on CD34+ cells

Means (£+SD) of the data obtained in all groups are given in Table 3.
The Placebo group showed significantly lower CD34+ cells compared to
the Healthy group (46.0 + 31.69 vs. 79.0 £ 9.94, p < 0.05). The steroid
group has higher CD34+ cells significantly when compared to the
Placebo group (57.0 + 18.88 vs. 46.0 & 31.69, p < 0.05). Nigella sativa L.
group significantly has higher CD34+ cells when compared to Placebo
and Steroid groups (76.5 + 10.55 vs. 46.0 &+ 31.69, and 57.0 + 18.88,
respectively, p < 0.05).

Figure 3. Histopathological slide of renal sections in Healthy and Placebo groups with PAS (Periodic acid-Schiff) staining, 400HPF. (A) The healthy group showed
minimal mesangial matrix enhancement. (B) The placebo group showed hypercellular mesangial matrix, mesangial expansion, endocapillary hypercellularity dan

infiltration of neutrophils.
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Figure 4. Histopathological slide of renal sections in Placebo, Steroid, and N.sativa groups (HE, 400 HPF). (A) The placebo group showed diffuse hypercellular
mesangial, mesangial expansion, endocapillary hypercellularity dan infiltration of neutrophils. (B) The steroid group showed hypercellular mesangial matrix and
mesangial expansion, without other abnormalities. (C) Nigella sativa L. group showed hypercellular mesangial matrix and minimally mesangial expansion appearance.

4. Discussion

Nigella sativa L. is well known as a cure for various diseases and had
been proved to affects the immune system by modulating cytokines and
Tregs (Prastiwi et al., 2015; Suprijono and Paramita, 2021; Shaterzade-
h-Yazdi et al., 2018a, 2018b; Arjumand et al., 2019). Cytokines such as
IL-6, IL-23, IL-17, and Tregs that take a part in the SLE pathogenesis,
Nigella sativa L. have been proven to modulate these cytokines and
eliminate organ damage (including renal) in various diseases but the
information about the effect on SLE is limited (Tackey et al., 2004; Dolff
etal., 2011; Crispin et al., 2010; Ronnblom and Elkon, 2010). The present
study is the first investigation that evaluates the effect of Nigella sativa L.
as an immunomodulator and renal tissue preventive in SLE.

The IL-6 expression in Nigella sativa L. group is significantly lowest
than other groups, which is similar to another animal study (Umar et al.,
2012). Other in vivo study showed TQ in Nigella sativa L. able to inhibit
TNF-a-induced IL-6 production (Amissah-Arthur and Gordon, 2010) and
reduce the expression of IL-4, IL-5, IL-6, and TGF-bl mRNA in the rat
model of allergic airway inflammation (Shahzad et al., 2009). Nigella
sativa L. group showed the lowest expression of IL-17 compared to other
groups, which are consistent with study conducted in non-lupus diseases
(Agustiarini et al., 2019). In contrast to the results of research on asthma
patients conducted by Salem et al., which found that giving Nigella sativa
L. could not significantly reduce IL-17 levels (Kheirouri et al., 2016;
Salem et al., 2017). Others stated that Nigella sativa L. has no effect on
Th17 which is the largest producer of IL 17A (Li et al., 2015).

This study showed that Nigella sativa L. group had the lowest
expression of IL-23 compared to other treatment groups, which is sup-
ported by Tajmiri et al. (2016) study in Hashimoto's thyroiditis patients
for 8 weeks. Nigella sativa L. decreased the expression of IL-23 and
transformed growth factor-f (TGF-B) (Tajmiri et al., 2016). In this study,
the absolute number of Treg in Nigella sativa L. group was higher than
placebo. This study is in line with animal research on asthma and
etherical Serovars Typhimurium (Barlianto et al., 2012; Ahmed et al.,
2018). In contrast, Susanti et al. (2013) found no significant change in
asthmatic rats treated with Nigella sativa L. (Susanti et al., 2013).

It is proposed that the reduction of the cytokine after the adminis-
tration of TQ is due to its role to detain interleukin-1 receptor-associated

Table 1. The profile of subjects between mice lupus model and normal mice.

Subject's profile Lupus model (N = 30) Normal mice (N = 10)

Body weight (g) (post pristane) 28.11 38.16
Anti-dsDNA 55.15 + 1.26 45.32 + 2.56
Alopecia 30 0

Arthritis 30 0

The expression of anti-dsDNA IL-6, IL-23, IL-17, and Tregs on the lupus mice
model is presented as the average value + standard deviation. All data were
distributed normally (p > 0.05) and but not homogenous (p < 0.05).

kinase 1 (IRAK1) activation. The IRAK-1 receptor, a serine/threonine
receptor, acts to regulate the Toll-Like Receptor (TLR) signal and trans-
mits it to transcription factors for the synthesis of the pro-inflammation
cytokines, Nuclear factor-kappa B (NF-k), and activator protein-1
(AP-1) pathways in macrophage, Dendritic cell (DC), and T lymphocyte
cells. It also provokes the differentiation of T lymphocyte cells to the pro-
inflammation immune response (M1 polarization), such as Th1 and Th17
by suppressing Treg activation. So inhibiting IRAK-1 activation via IRAK-
1 receptor is the potential pathway for effective intervention in inflam-
mation disease (Susanti et al., 2013; Maitra et al., 2009). TQ, as one of the
bioactive compounds of Nigella sativa L., is capable to suppress or inhibit
the activation of IRAK-1, so the DC activation is blocked and suppressing
T cell lymphoid to proliferate to Th17 and down-regulate IL-17 expres-
sion. On the other hand, the suppression of IRAK-1 stimulates Treg
expression by upregulating its synthesis (Hossen et al., 2017).

In the study of pediatric SLE patients showed that renal damage is one
of the most common manifestations (Hiraki et al., 2008). The degree of
renal damage was based on the ISN/RPS classification of LN. Nigella
sativa L. groups showed a significantly lowest grade of renal damage
compared to steroid and placebo groups. It shows that Nigella sativa L. can
prevent renal damage better than steroid treatment. These findings agree
with the findings of other investigators who observed supplementation of
Nigella sativa L. on renal injury in Pristane induce arthritis in Rats (Faisal
et al., 2015). We evaluate the renal score of NIH- Activity Indices (AI) to
measure the progression of LN (Bajema, Wilhelmus, Alpers, Bruijn, Col-
vin, Cook, D'Agati, Ferrario, Haas and Jennette, 2018; Fava and Petri,
2019). Nigella sativa L. group showed significantly lower AI than the
Placebo group. These results suggest that the administration of Nigella
sativa L. may reduce the renal inflammation caused by autoimmune
mechanisms. TQ reduced oxidative stress markers such as MDA and
increased antioxidant content, including malondialdehyde (MDA);
superoxide dismutase (SOD); glutathione (GSH); catalase (CAT);
Glutathione-S-Transferase (GST), which have a critical role in renal
damage (Shaterzadeh-Yazdi et al., 2018a, 2018b).

The present study also assessed the potential effect of extract Nigella
sativa L. by studying its effect on renal tissue damage, which was
measured in terms of CD34+. Local CD34+ capillaries decrease in mouse
models of renal disease associated with the severity of glomerular and
tubulointerstitial lesions. Nigella sativa L. group shows significantly
higher in CD34+ compared to Placebo group. This result showed that
Nigella sativa L. can prevent the number of CD34+ glomerular capillaries
decreased caused by the autoimmune process. Nigella sativa L. group is
significantly increased CD34+ cells and resulted in lower AI than the
Steroid and Placebo group. Several studies have shown an association
between autologous transplantation of CD34-positive cells resulting in
remission and reduced severity of symptoms in LN (Alchi et al., 2013; Su
et al., 2013). Although this is the first study to evaluate the immuno-
modulatory and preventive effect on renal tissue damage of Nigella sativa
L. in lupus, the absence of prior examination before treatment can be
considered as a weakness of this study.



Z. Hikmah et al.

Heliyon 8 (2022) e09242

Table 2. The result of dsDNA, IL-17, IL-6, IL-23, and Treg expression on Healthy, Placebo, Steroid, and Nigella sativa L. group.

Groups n dsDNA p-value
X + SD Min-Max
Healthy 10 45.32 £ 2.56% 41.36-47.88 <0.001*
Placebo 10 57.88 + 0.84° 56.12-58.87
Steroid 10 52.86 + 1.80° 50.99-55.91
Nigella sativa L. 10 49.01 +1.17¢ 48.03-50.71
IL-17
X + SD Min-Max
Healthy 10 0,89 + 0,52* 0.19-1.52 <0.001*
Placebo 10 251 +0.72° 1.73-3.73
Steroid 10 1.39 4+ 0.27¢ 0.85-1.76
Nigella sativa L. 10 0.97 +0.319 0.71-1.53
IL-6
X+ SD Min-Max
Healthy 10 0.21 + 0.09? 0.09-0.34 <0.001*
Placebo 10 2.39 + 0.50° 2.03-3.59
Steroid 10 0.49 + 0.07¢ 0.38-0.59
Nigella sativa L. 10 0.29 + 0.06¢ 0.21-0.39
1L-23
X+ SD Min-Max
Healthy 10 1.59 4+ 0.51? 0.73-2.33 <0.001*
Placebo 10 5.17 + 0.39° 4.68-5.87
Steroid 10 3.20 + 0.59°¢ 2.36-4.35
Nigella sativa L. 10 1.60 + 0.57¢ 0.92-2.38
Treg
X + SD Min-Max
Healthy 10 217.9 + 52.0° 144.9-290.6 <0.001*
Placebo 10 99,528.76 + 56,395.11° 16,136.30-186,255.76
Steroid 10 314,182.38 + 119,942.73¢ 135,804.19-483,868.47
Nigella sativa L. 10 229,322.63 =+ 54,432.00¢ 149,168.74-326,112.20

*dsDNA: Kruskal-Wallis test, significant if a < 0.05; a,b,c,d Superscript showed the significant difference between the treatment group (Mann-Whitney U test);
IL17:Kruskal-Wallis test, significant if « < 0.05; a,b,c,d Superscript showed the significant difference between the treatment group (Mann-Whitney U test); IL6:Kruskal-
Wallis test, significant if o < 0.0; a,b,c,d Superscript showed the significant difference between the treatment group (Mann-Whitney U test); IL23:OnewayAnova,
significant if a < 0.05; a,b,c Superscript showed the significant difference between treatment group of LSD multiple comparisons; Treg: Kruskal-Wallis test, significant if

p = 0.05; a,b,c,d Superscript showed there is a significant difference among the treatment groups (multiple comparisons Games-Howell).

Table 3. Histopathological classification of LN, Al and CD34 cells in Healthy and Treatment groups.

Groups n Histopathological classification of LN (class) p-value
Median (min-max)
Healthy 10 I(1-1? 0.001*
Placebo 10 IV (v-1Iv)?
Steroid 10 MIII-IV)©
Nigella sativa L. 10 II (II-T)°
Al
Median (min-max)
Healthy 10 2 (0-3)* 0.001*
Placebo 10 4.5 (1-5)¢
Steroid 10 3 (2-4)°¢
Nigella sativa L. 10 2 (1-3)°
CD34
Mean (min-max)
Healthy 10 79.0 + 9.94% 0.003*
Placebo 10 46.0 + 31.69¢
Steroid 10 57.0 + 18.88¢
Nigella sativa L. 10 76.5 + 10.55

*Kruskal-Wallis test; groups identified using different letters (a,b,c,d) are statistically significant (p < 0.05, Mann-Whitney test); LN: Lupus Nephritis; Al: Activity

Indices; NIH: National Institutes of Health.
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5. Conclusion

Nigella sativa L. can be consumed as the complementary medication
for SLE, it has been proved to modulate the immune system by reducing
the expression of proinflammatory response cytokine (IL-6, IL-17, IL-23)
and increasing the expression of Tregs significantly, Nigella sativa L. also
can prevent renal tissue damage in PIL model. Further studies in humans
are needed regarding the effects of Nigella sativa L. as an immunomod-
ulator and prevention of kidney disease, and evaluation of the negative
effects, especially in humans.
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