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Editorial Board

Omics/Informatics Section (/journal/jpm/sectioneditors/omics)

+ Pharmacogenetics Section (/journal/jpm/sectioneditors/pharmacogenetics)

Clinical Medicine, Cell, and Organism Physiology Section (/journal/jpm/sectioneditors/clinical_medicine_cell_organism_physiology)

Epidemiology Section (/journal/jpm/sectioneditors/epidemiology)

+ Mechanisms of Diseases Section (/journal/jpm/sectioneditors/mechanisms_diseases)

* Methodology, Drug and Device Discovery Section (/journal/jpm/sectioneditors/Methodology_drug_device_discovery)

+ Evidence Based Medicine Section (/journal/jpm/sectioneditors/evidence_based_medicine)

» Regenerative Medicine and Therapeutics Section (/journal/jpm/sectioneditors/regenerative_medicine_therapeutics)

+ Epigenetic Therapy Section (/journal/jpm/sectioneditors/epigenetic_therapy)

* Sex, Gender and Hormone Based Medicine Section (/journal/jpm/sectioneditors/sex_gender_hormone_based_medicine)

Life Stage Specific Medicine (LSSM)_Section (/journal/jpm/sectioneditors/lssm)

« Personalized Critical Care Section (/journal/jpm/sectioneditors/personalized_critical_care)

Molecular Targeted Therapy Section (/journal/jpm/sectioneditors/molecular_targeted_therapy)

Please note that the order in which the Editors appear on this page is alphabetical, and follows the structure of the editorial board presented on the MDPI website under
information for editors: editorial board responsibilities (/editors#Editorial_Board_Responsibilities).

Mem be rs (593) Search by first name, last name, affiliation,

Prof. Dr. David Alan Rizzieri (https://sciprofiles.com/profile/2291626)
Website (https://www.novanthealth.org/pf/providers/1043346877/david-rizzieri/about-me)
Editor-in-Chief
1. Senior Vice President and Director, Novant Health Cancer Institute, Winston-Salem, NC 27103, USA
2. Professor of Medicine Chief, Section of Hematologic Malignancies, Associate Director for Clinical Research, Division of Hematologic Malignancies and Cellular Therapy
Duke Cancer Institute, Durham, NC 27710, USA
Interests: hematopoetic blood or stem cell transplant; leukemia; lymphoma
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Section Editor-in-Chief

De;n'nent of Neurology, Stony Brook University Hospital, Stony Brook, NY, USA = 7 (itoggle_desktop_layout_cookie) Q =
Interests: brain response to traumatic, ischemic or inflammatory insults; sex differences and gonadal hormone modulation of brain function in health and disease;
development and validation of radiopharmaceuticals for non invasive imaging of neurotransmitter and hormone markers in the brain; brain concussion; diffuse axonal injury;
diffusion tensor imaging

* Section: Sex, Gender and Hormone Based Medicine

Special Issues, Collections and Topics in MDPI journals

g

Prof. Dr. K. Ray Chaudhuri (https://sciprofiles.com/profile/981953)
Website (http://www.kingsprivate.com/consultants/neurology/professor-ray-chaudhuri/)
Section Editor-in-Chief
Department of Basic and Clinical Neuroscience, The Maurice Wohl Clinical Neuroscience Institute, King's College London, Cutcombe Road, London SE5 9RT, UK
Interests: Parkinson's disease; movement disorders
Special Issues, Collections and Topics in MDPI journals

1@9

Prof. Dr. Liang Cheng_(https://sciprofiles.com/profile/1054691)

_(_https://clarivate.com/highly-cited-researchers/2022 )
Section Editor-in-Chief
Vice Chair for Translational Research, Department of Pathology and Laboratory Medicine, Warren Alpert Medical School of Brown University, Providence, RI, USA
Interests: urologic pathology (bladder cancer, prostate cancer, kidney cancer, testicular cancer); molecular diagnostics; molecular pathology of solid tumors
Special Issues, Collections and Topics in MDPI journals

Prof-Br. Anat Biegon (https://sciprofiles.com/profile/1446720) *
gl ﬂps:I/neuro.stonybrookmedicine.edu/aboutlfaculty/biegon)

N

Prof. Dr. Weikuan Gu (https://sciprofiles.com/profile/40728) *
Website (https://uthsc.edu/search/detail.php?id=T100201920)
Section Editor-in-Chief
Department of Orthopedic Surgery and BME-Campbell Clinic, University of Tennessee Health Science Center, Memphis, TN 38163, USA
Interests: cancer; bone; genomics; genetics; immunology
* Section: Life Stage Specific Medicine (LSSM)
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Enrico Mini (https://sciprofiles.com/profile/384015)
Website (https://www.unifi.it/cercachi-per-3763.html)
Section Editor-in-Chief
Department of Health Sciences, University of Florence, Florence, Italy
Interests: gastrointestinal cancers; tumor drug resistance; biomarkers; pharmacogenetics; pharmacogenomics; translational studies
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Taulant Muka (https://sciprofiles.com/profile/2534938)

Section Editor-in-Chief

1. Swiss School of Public Health (SSPH+), Bern, Switzerland

2. Epistudia, Bern, Switzerland

Interests: evidence-based medicine; cardiometabolic disease; preventive medicine; clinical epidemiology; medical education
Special Issues, Collections and Topics in MDPI journals

<

Prof. Dr. Kenneth P.H. Pritzker (https://sciprofiles.com/profile/1283389)

Website1 (https://www.researchgate.net/profile/Kenneth-Pritzker) Website2 (https://maiimg.com/free/?e=dnz9RQr0AwWMRE6)
Section Editor-in-Chief
Professor Emeritus, Department of Laboratory Medicine and Pathobiology, Department of Surgery, University of Toronto, 6 Queens Pk Crescent W,F, Toronto, ON M5S
3H2, Canada
Interests: biomineralization: normal and pathological; pathogenesis of degenerative joint diseases, osteoarthritis; pathogenesis of crystal deposits in tissues; connective
tissues as biomaterials; novel biomaterials; biomedical applications of fullerenes; connective tissue neoplasia; ribosomal RNA and its pathology; neoplasia risk assessment
using novel biomarkers and histo/cyto morphometry; ultrasound enabled histologic and cytologic technologies; novel biomarkers for spondylitis and other chronic
inflammatory diseases; abiotic stress
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Pro“r. Lorenza Rimassa (https://sciprofiles.com/profile/1230122) * ¢ u-\ltoggle_desktop layout_cookls) Q =
Website (https://www.humanitas.it/medici/lorenza-rimassa)

Section Editor-in-Chief

1. Medical Oncology & Hematology Unit, Humanitas Cancer Center, IRCCS Humanitas Research Hospital, Rozzano, 20089 Milan, Italy

2. Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, 20072 Milan, Italy

Interests: liver cancers; hepatocellular carcinoma; biliary tract cancers; cholangiocarcinoma; gastrointestinal cancers; clinical trials; translational research; biomarkers

* Section: Disease Biomarker

Special Issues, Collections and Topics in MDPI journals

&

Prof. Dr. Salvatore Scacco (https://sciprofiles.com/profile/755524)
Website (https://www.uniba.it/it/docenti/scacco-salvatore)
Section Editor-in-Chief
Department of Basic Medical Sciences, Neurosciences and Sensory Organs, University of Bari “Aldo Moro”, 70124 Bari, Italy
Interests: translational research; personalized medicine; clinical biochemistry; molecular clinical biology; nanomedicine; regenerative medicine; neurosciences
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Marijn Speeckaert (https://sciprofiles.com/profile/898905)

Section Editor-in-Chief

Department of Internal Medicine, Nephrology Division, Ghent University Hospital, 9000 Ghent, Belgium

Interests: proteins; biomarkers; hypertension; acute kidney injury; clinical nephrology; chronic renal failure; diabetes; diabetes mellitus; metabolism; insulin resistance
Special Issues, Collections and Topics in MDPI journals

Dr. Georgios Adonakis (https://sciprofiles.com/profile/2510214)

Editorial Board Member
Department of Obstetrics and Gynaecology, University General Hospital of Patras, 26504 Rion, Greece
Interests: obstetrics; gynecology; reproductive medicine; assisted reproduction

Dr. Ana Alfirevic (https://sciprofiles.com/profile/12864)
Website (https://www.liverpool.ac.uk/translational-medicine/staff/ana-alfirevic/)
Editorial Board Member
The Wolfson Centre for Personalised Medicine, Department of Molecular and Clinical Pharmacology, Institute of Translational Medicine, University of Liverpool, Block A:
Waterhouse Buildings, 1-5 Brownlow Street, Liverpool L69 3GL, UK
Interests: pharmacogenomics; prediction-based drug safety; drug-induced hypersensitivity; variability in drug response; human leukocyte antigen

®)

Dr. Luis Almenar-Bonet (https://sciprofiles.com/profile/2239265)
Website (https://scholar.google.ae/citations?user=d2i7YGGRb5MC&hl=ja)
Editorial Board Member
Heart Failure and Transplant Unit, Cardiology Department, La Fe University and Polytechnic Hospital, 46026 Valencia, Spain
Interests: heart failure; pulmonary hypertension; heart transplantation; mechanical circulatory/ventricular devices

Dr. Barbara Altieri (https://sciprofiles.com/profile/270306)
Website1 (https://www.ukw.de/medizinische-klinik-i/endokrinologie/team/detail/name/altieri-barbara/) Website2

Editorial Board Member

Division of Endocrinology and Diabetes, Department of Internal Medicine |, University Hospital, University of Wuerzburg, 97080 Wuerzburg, Germany
Interests: adrenal tumor; neuroendocrine tumor; genetic syndrome

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Constantinos Anagnostopoulos
Website (https://esc365.escardio.org/Person/2259-prof-anagnostopoulos-constantinos)
Editorial Board Member
Nuclear Medicine Physician PET-CT Department & microPET/CT Unit Center for Experimental Surgery, Clinical & Translational Research, Biomedical Research Foundation
Academy of Athens, 4 Soranou Ephessiou St., 115 27 Athens, Greece
Interests: molecular imaging; cardiac imaging; coronary artery disease; atherosclerosis; heart failure
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Dr. Anastassopoulou (https://sciprofiles.com/profile/2095097)
ﬁg%ﬂps://orcid.orq/oooo-oom-7666-9198)
Editorial Board Member
De;n'nent of Microbiology, Medical School, National and Kapodistrian University of Athens, Athens, Greece % 4-(itoggle_desktop_layout_cookie) Q =
Interests: human genetics and COVID-19 symptoms and severity; molecular evolution of SARS-CoV-2; reinfections; vaccines and anti-virals; long COVID-19; SARS-CoV-2

ecology and host-virus interactions; ethical issues in infectious diseases
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Codrina Ancuta (https://sciprofiles.com/profile/788184)
Website (https://orcid.org/0000-0002-1777-8121)
Editorial Board Member
Rheumatology Department, University of Medicine and Pharmacy “Grigore T Popa”, 700115 lasi, Romania
Interests: immune-mediated inflammatory rheumatic disorders; rheumatoid arthritis, spondyloarthritis; connective tissue diseases — systemic sclerosis, systemic lupus
erythematosus, poli/dermatomyositis; biological therapies
Special Issues, Collections and Topics in MDPI journals

Dr. Simone Appenzeller (https://sciprofiles.com/profile/1812805)

Editorial Board Member
Department of Orthopedics, Rheumatology and Traumatology (DORT), School of Medical Science, University of Campinas (UNICAMP), Campinas, Brazil
Interests: systemic lupus erythematosus; neuropsychiatric manifestations; Stills disease; pediatric rheumatology

Dr. Anna Ardissone

Editorial Board Member

Department of Pediatric Neurosciences, Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan, Italy
Interests: mitochondrial diseases; leukodystrophy; metabolic diseases; neurodegenerative disorderds

Dr. Francesca Ariani
Website (https://www.researchgate.net/profile/Francesca_Ariani)
Editorial Board Member
Department of Medical Biotechnologies, Universita degli Studi di Siena, 53100 Siena, Italy
Interests: cancer; neurodevelopmental disorders and hereditary nephropathies

Prof. Dr. Bruce J. Aronow (https://sciprofiles.com/profile/12855)
Website (http://www.cincinnatichildrens.org/svc/find-professional/a/bruce-aronow.htm)
Editorial Board Member
Center for Computational Medicine, Divisions of Biomedical Informatics and Developmental Biology, Departments of Pediatrics and Computer Science, Cincinnati Children's
Hospital Medical Center, University of Cincinnati, CHRF S10.248, 3333 Burnet Ave, Cincinnati, OH 45229, USA
Interests: systems; networks; variations; ontologies; genomics; phenomics; interactions; combinatorials

@

Dr. Himanshu Arora (https://sciprofiles.com/profile/1319642)
Website (https://med.miami.edu/graduate-studies/doctoral-programs/human-genetics-and-genomics/faculty-profiles)
Editorial Board Member
Department of Urology, University of Miami Miller School of Medicine, Miami, FL, USA
Interests: machine learning; oncology; S-nitrosylation; cancer biology; immunology; prostate cancer; drug discovery; reproductive urology; molecular endocrinology;
endocrine cancer; androgen deprivation therapy
Special Issues, Collections and Topics in MDPI journals

,“
Dr. Francesco Atzori
Website (https://orcid.org/0000-0002-8211-0363)
Editorial Board Member
Oncology Unit, University and Hospital Trust of Cagliari, 09100 Cagliari, Italy
Interests: renal cell carcinoma; breast cancer

Prof. Dr. Rajendra D Badgaiyan (https://sciprofiles.com/profile/2228364)
Website (https://www.researchgate.net/profile/Rajendra-Badgaiyan)
Editorial Board Member
1. Professor of Psychiatry, UT Health, San Antonio, TX, USA
2. Chief of Psychiatry, South Texas Veterans Health Care System, San Antonio, TX, USA
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Int; ts: neluroimaging; psychiatry; cognitive neuroscience
Sp! ? '&s, Collections and Topics in MDPI journals
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Prof. Dr. Yamei Bai (https://sciprofiles.com/profile/1843158)

Website (https://wd.vghtpe.gov.tw/vghpsy/Fpage.action?muid=4993&fid=)
Editorial Board Member
1. Department of Psychiatry, Taipei Veterans General Hospital, Taipei 112, Taiwan
2. Faculty of Medicine, National Yang-Ming Chiao Tung University, Taipei 112, Taiwan
3. Division of Psychiatry, National Yang-Ming Chao Tung University, Taipei 112, Taiwan
Interests: psychiatry; major depressive disorder; bipolar disorder; neuro-immunology

Prof. Dr. Susan M. Bailey (https://sciprofiles.com/profile/1384849)
Website (https://vetmedbiosci.colostate.edu/erhs/member/?id=3902)
Editorial Board Member
Department of Environmental & Radiological Health Sciences, Cancer Biology & Comparative Oncology University Program of Research and Scholarly Excellence,
Colorado State University, Fort Collins, CO 80523-1618, USA
Interests: radiation biology; cancer biology; oncology; DNA damage and repair; telomeres; personalized medicine

Ex' =

Dr. Umberto Basile (https://sciprofiles.com/profile/562719)
Website (https://orcid.org/0000-0002-8328-2570)
Editorial Board Member
Head of Clinical Pathology Unit, Hospital “Santa Maria Goretti” ASL Latina, Latina, Italy
Interests: autoimmunity; cancer; monoclonal gammopathy; minimal residual disease; biomarkers; other biological fluid; new technologies
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Ryon M Bateman

Editorial Board Member
Department of Medical Biophysics, University of Western Ontario, London, ON N6A 5C1, Canada
Interests: sepsis on the erythrocyte

Dr. Niels Bergsland (https://sciprofiles.com/profile/635253)
Website (https://www.researchgate.net/profile/Niels-Bergsland)
Editorial Board Member
Buffalo Neuroimaging Analysis Center, Department of Neurology, Jacobs School of Medicine and Biomedical Sciences, University at Buffalo, Buffalo, NY, USA
Interests: MRI; neuroimaging; multiple sclerosis; Parkinson's disease; neurodegeneration; neuroinflammation; machine learning

Dr. Pedro Berjano (https://sciprofiles.com/profile/1016573)
Website (https://viseon-spine.com/?team_member=behrooz-a-akbarnia-m-d)
Editorial Board Member
IRCCS Istituto Ortopedico Galeazzi, 20161 Milan, Italy
Interests: spine surgery; spinal deformity; minimally invasive spine surgery; outcomes evaluation in orthopedics

&

Dr. Daniela Berritto (https://sciprofiles.com/profile/2391788)
Website (https://scholar.google.calcitations?hl=en&user=FFXmRMsAAAAJ&view_op=list_works&sortby=pubdate)
Editorial Board Member
Section of Radiology, Department of Clinical and Experimental Medicine, University of Foggia, Foggia, Italy
Interests: musculoskeletal radiology; ultra-high frequency ultrasound; gastrointestinal radiology

Dr. Valeria Bertagnolo (https://sciprofiles.com/profile/1124271)
Website (https://www.researchgate.net/profile/Valeria-Bertagnolo)
Editorial Board Member
Department of Morphology, Surgery and Experimental Medicine, Section of Anatomy and Histology, University of Ferrara, 44121 Ferrara, Italy
Interests: neoplastic transformation; markers of malignant evolution; molecular targets for antineoplastic strategies; miRNAs in cancer; breast cancer; functional proteomics

-
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Driﬁandra I. F. Blakemore (https://sciprofiles.com/profile/12859)
gl ﬂps:l/www.imperial.ac.uklmplela.blakemore)
Editorial Board Member

De;n'nent of Genomics of Common Disease, School of Public Health, Imperial College London, Hammersmith Campus, Du Cane, Réodisdaskion layeubsenkio) SRNTBK

Interests: genomic structural variation; exome sequencing; obesity; diabetes; neurocognitive disorders
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Dr. Burns C. Blaxall (https://sciprofiles.com/profile/2501178)
Website (https://clinicalgenome.org/about/people/staff/blaxall-7921)
Editorial Board Member
The Christ Hospital Health Network, 2139 Auburn Avenue, Cincinnati, OH 45219, USA
Interests: pharmacogenomics; precision medicine; precision health; personalized medicine

Prof. Dr. Kenneth Blum (https://sciprofiles.com/profile/26810)

Editorial Board Member

Graduate School of Biomedical Science, Western University Health Sciences, Pomona, CA 91768, USA
Interests: psychopharmacology; psychiatric genetics; nutrigenomics; precision therapeutics

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Roland Blumer (https://sciprofiles.com/profile/883873)
Website (https://anatomie-zellbiologie.meduniwien.ac.at/wissenschaft-forschung/molecular-neuroanatomy/blumer-lab/)
Editorial Board Member
Center for Anatomy and Cell Biology, Division of Anatomy, Medical University of Vienna, 1090 Vienna, Austria
Interests: molecular neuroanatomy; proprioception; peripheral nervous tissue; skeletal muscle
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Dr. Dirk Bohmer (https://sciprofiles.com/profile/1796077)

Editorial Board Member

Department of Radiation Oncology, Charité University Medicine Berlin, Campus Benjamin Franklin, Hindenburgdamm 30, D-12203 Berlin, Germany
Interests: personalized radiotherapy; hypofractionation; radiosurgery; intraoperative radiotherapy

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Harisios K. Boudoulas
Website (https://prabook.com/web/harisios.boudoulas/799466)
Editorial Board Member
Honorary Professor (emeritus), Department of Medicine/Cardiovascular Medicine and Pharmacy, The Ohio State University, Columbus, OH 43210, USA
Interests: cardiovascular diseases; valvular heart disease

Dr. Florence T. Bourgeois (https://sciprofiles.com/profile/316112)
Website (https://scholar.harvard.edu/ftb/home)
Editorial Board Member
1. Department of Pediatrics, Harvard Medical School, Boston, MA, USA
2. Computational Health Informatics Program and Division of Emergency Medicine, Boston Children’s Hospital, Boston, MA, USA
Interests: pediatrics; pharmacoepidemiology; pediatric drug development; regulatory science; clinical trials; biobanking; evidence-based medicine; pediatric emergency
medicine
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Prof. Dr. Kathleen T. Brady (https://sciprofiles.com/profile/2294364)
Website (https://web.musc.edu/about/leadershipl/institutional-offices/communications/pamr/news-releases/2016/dr-kathleen-brady-named-vp)
Editorial Board Member
Medical University of South Carolina, Charleston, SC 29425, USA
Interests: substance use disorders; cocaine; opioids; alcohol; marijuana
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Editorial Board Member
Department of Biomedical Sciences and Medicine and ABC—Algarve Biomedical Academic Centre, University of Algarve, Campus de Gambelas, 8005-139 Faro, Portugal
Interests: cardiovascular diseases; disease modelling; gene transcriptional regulation; heart development; epigenetics Back to TopTop
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Prof. Dr. Ralf Braun (https://sciprofiles.com/profile/494387)

Editorial Board Member

Zentrum Biosciences, Fakultat Medizin/Zahnmedizin, Danube Private University (DPU), ForthofstralRe 2, 3500 Krems, Austria
Interests: ubiquitin-proteasome system; the endolysosomal (or endosomal-vacuolar) pathway and autophagy

Special Issues, Collections and Topics in MDPI journals

Dr. Lawrence C. Brody
Website (http://genome.gov/10000731)
Editorial Board Member
Gene and Environment Interaction Section. Chief Scientific Officer, Center for Inherited Disease Research. Director Division of Genomics and Society, National Human
Genome Research Institute, Building 50, Room 5306, 50 South Drive, MSC 8004 Bethesda, MD 20892-8004, USA
Interests: cancer genetics; nutragenomics; birth defects genetics; human genetics; genetic testing; newborn screening

Prof. Dr. Julia Bujan (https://sciprofiles.com/profile/691526)

Editorial Board Member

Department of Medicine and Medical Specialities, IRYCYS, Faculty of Medicine and Health Sciences, University of Alcala, 28801 Alcala de Henares, Spain
Interests: artery; histology; vascular medicine

Special Issues, Collections and Topics in MDPI journals
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Prof. Dr. Kenneth R. Butler (https://sciprofiles.com/profile/1617362)
Website (https://umc.edul/facultyprofile/butler_kenneth_r/)
Editorial Board Member
School of Medicine, University of Mississippi Medical Center, 2500 N State, Jackson, MS 39216, USA
Interests: cardiovascular disease; neurocognitive decline; modifiable and social risk factors; hypertension; inflammation; blood and imaging biomarkers; controlled release
drug delivery

Prof. Dr. Gabriella Cadoni (https://sciprofiles.com/profile/2815835)

Editorial Board Member

Otorhinolaryngology Unit, Head and Neck Department, Fondazione Policlinico Universitario A. Gemelli Hospital IRCCS, Otolaryngology Institute, Universita Cattolica del
Sacro Cuore, 00168 Rome, Italy

Interests: otolaryngology; audiology; head and neck oncology

Dr. Francesco Paolo Cammarata (https://sciprofiles.com/profile/645054)
Website (https://orcid.org/0000-0002-0554-6649)
Editorial Board Member
National Research Council (CNR), Institute of Bioimaging and Molecular Physiology (IBFM), Cefalu, PA, Italy
Interests: radiobiology; cancer; radiosensitizing agents; cell biology; animal science; preclinical imaging; micro pet; biomarkers; proteomics
Special Issues, Collections and Topics in MDPI journals
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Dr. Colleen A. Campbell (https://sciprofiles.com/profile/1053605)

Editorial Board Member
Department of Internal Medicine, University of lowa, lowa City, 1A 52242, USA
Interests: genetics; genomics; meniere's disease; hearing loss; genetic counseling

Dr. lan Campbell (https://sciprofiles.com/profile/2243410)
Website (https://www.petermac.org/users/prof-ian-campbell)
Editorial Board Member
Peter Maccallum Cancer Centre, Melbourne, Australia
Interests: oncology; cancer genetics and genomics; familial cancer; gene discovery; DNA sequencing; mutation detection
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Editorial Board Member
Institute of Clinical Science, Zhongshan Hospital, Shanghai Medical College, Fudan University, Shanghai 200444, China
Interests: cancer stem cell; targeted therapy; immunnotherapy; ancticancer pharmacology

Dr. Enrico Capobianco (https://sciprofiles.com/profile/917164)
Website (http://ccs.miami.edu/team_member/enrico-capobianco-phd-2/)
Editorial Board Member
The Jackson Laboratory, Bar Harbor, ME, USA
Interests: complexity in biomedicine; big data in health; systems medicine; precision medicine; translational medicine; cancer networks; comorbidity; theranostics; digital
biomarkers; computational bio-imaging
Special Issues, Collections and Topics in MDPI journals

Dr. Marco Carbone (https://sciprofiles.com/profile/996154)
Website (https://www.unimib.it/marco-carbone)
Editorial Board Member
School of Medicine and Surgery, University of Milan Bicocca, Milan, Italy
Interests: gastroenterology; genetic epidemiology; genomic technologies
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Prof. Dr. Roberto Caronna (https://sciprofiles.com/profile/2279430)

Editorial Board Member
Department of Surgical Science, Sapienza University of Rome, 00161 Rome, Italy
Interests: laparotomy; pancreas; general surgery

Prof. Dr. Paolo Castorina (https://sciprofiles.com/profile/1602045)

Editorial Board Member

1. Istituto Nazionale Fisica Nucleare, Catania, Italy

2. Institute of Particle and Nuclear Physics, Charles University, Prague, Czech Republic

Interests: theoretical physics; growth laws in physics and other systems; models of cancer evolution and therapy effects; mathematical oncology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Maria Graciela Castro
Website (https://medicine.umich.edu/dept/cdb/maria-castro)
Editorial Board Member
Department of Cell and Developmental Biology, Rogel Comprehensive Cancer Center, University of Michigan Medical School, 4570C MSRB II, 1150 W. Medical Center
Drive, Ann Arbor, MI, USA
Interests: epigenetics; scRNA-seq; cancer genome sequencing; precision immuno-oncology; RNA-seq; glioma; DIPG

Dr. Bo Chen (https://sciprofiles.com/profile/2574208)
Website (https://www.imb.com.cn/en/Investigator/AssociateProfessor/d2ed14139bd7419cb8c27d1fff2f3df6.htm)
Editorial Board Member
Department of Pharmacology, Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences and Peking Union Medical College, Tiantan Xili 1, Dongcheng
District, Beijing 100050, China
Interests: pharmacology; NAFLD/NASH; cardiovascular disease; zebrafish model; autophagy
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Francesco Chiarelli

Editorial Board Member
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Dr. Matthew Cooke (https://sciprofiles.com/profile/385111)

Website (https://orcid.org/0000-0002-4978-4294)
Editorial Board Member
School of Health Sciences, Swinburne University of Technology, Hawthorn, VIC 3122, Australia
Interests: performance; microbiome; diet; supplementation; health; muscle; ageing; obesity
Special Issues, Collections and Topics in MDPI journals
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Dr. Marco Costanzi (https://sciprofiles.com/profile/603007)
Website (https://www.lumsa.it/marco-costanzi)
Editorial Board Member
Department of Human Sciences, Lumsa University, 00100 Rome, Italy
Interests: emotion; memory; behavioral pharmacology; gene targeting; psychopathological disorders

Special Issues, Collections and Topics in MDPI journals

Dr. Rodrigo Cristofoletti (https://sciprofiles.com/profile/2510401)

Editorial Board Member
Department of Pharmaceutics, Center for Pharmacometrics and Systems Pharmacology, College of Pharmacy, University of Florida, Orlando, FL, USA
Interests: liquid biopsy; organotypic models; microphysiological systems

Dr. Travis Cruickshank (https://sciprofiles.com/profile/2555508)

Website (https://www.ecu.edu.au/schools/medical-and-health-sciences/our-staff/profiles/research-fellows/dr-travis-cruickshank)
Editorial Board Member
1. Centre for Precision Health, Edith Cowan University, Joondalup, WA, Australia

2. Perron Institute for Neurological and Translational Science, Perth, WA, Australia
Interests: neurodegeneration; neurorehabilitation; physiotherapy; medical neurosciences; neuroscience; motor cognition; rehabilitation medicine; Huntington's disease;
rehabilitation; neurodegenerative diseases; cognitive training; exercise; executive function; environmental enrichment; project management; clinical study design

Dr. Vincenzo Cuccurullo (https://sciprofiles.com/profile/771456)
Website (https://www.economia.unicampania.it/dipartimento/docenti?MATRICOLA=059234)
Editorial Board Member
Nuclear Medicine Unit, Department of Precision Medicine, University of Campania Luigi Vanvitelli, 80138 Naples, Italy
Interests: radiology; nuclear medicine; diagnostic imaging

Dr. Ming Cui (https://sciprofiles.com/profile/2229696)
Website (https://www.researchgate.net/profile/Ming-Cui-4)
Editorial Board Member
Department of General Surgery, State Key Laboratory of Complex Severe and Rare Disease, Peking Union Medical College Hospital, Chinese Academy of Medical
Sciences & Peking Union Medical College, Beijing 100730, China
Interests: pancreatic cancer; pancreatic cystic neoplasm; IPMN; parathyroid carcinoma; tumor microenvironment; glycosylation; immunoglobulin

Prof. Dr. Youssef Daali (https://sciprofiles.com/profile/781576)
Website (https://www.unige.ch/medecine/apsi/fr/groupes-de-recherche/1003samer-daali/membres-du-groupe/youssef-daali/)
Editorial Board Member
Division of Clinical Pharmacology and Toxicology, Geneva University Hospitals, 1205 Geneva, Switzerland
Interests: pharmacology; LC-MS; biostatistics; analytical chemistry; medicinal and pharmaceutical chemistry; pharmacokinetics; pharmacodynamics; LC-MS/MS; tandem
mass spectrometry; pharmaceutical analysis
Special Issues, Collections and Topics in MDPI journals
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Editorial Board Member

1. Renal Transplantation Unit, Laiko General Hospital, Athens, Greece

2. N.S. Christeas Laboratory of Experimental Surgery and Surgical Research, Medical School, National and Kapodistrian University of Athens, Athens, Greece
Interests: surgery; transplantation; surgical oncology; oncology; experimental surgery
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Prof. Dr. Pim A. de Jong (https://sciprofiles.com/profile/1143182)

Editorial Board Member

Department of Radiology, Utrecht University Medical Center, Utrecht, The Netherlands

Interests: whole-body imaging; system medicine; quantitative imaging; arterial calcification; infection and inflammation
Special Issues, Collections and Topics in MDPI journals

Dr. Riccardo Di lorio (https://sciprofiles.com/profile/2672584)

Editorial Board Member

UOC Neurology, Fondazione Policlinico Universitario Agostino Gemelli, Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS), 00168 Rome, Italy
Interests: stroke; thrombolysis; thrombectomy; delirium; neural plasticity; transcranial magnetic stimulation; evoked potentials; neurophysiology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Joanne Dickinson (https://sciprofiles.com/profile/1307420)

Editorial Board Member

Menzies Institute for Medical Research, College of Health and Medicine, University of Tasmania, Hobart, Australia

Interests: cancer genetics; medical genetics; oncology and carcinogenesis; epidemiology; cancer cell biology; molecular targets; epigenetics; ophthalmology; haematology;
preventive medicine; population, ecological and evolutionary genetics

Dr. Dimitrios Dimitroulis
Website (https://www.aminer.cn/profile/dimitrios-dimitroulis/562a07b145ce1e59666c97d0)
Editorial Board Member
Second Department of Propedeutic Surgery, Laiko General Hospital, Medical School, National and Kapodistrian University of Athens, Athens, Greece
Special Issues, Collections and Topics in MDPI journals

Dr. Ruslan Dorfman (https://sciprofiles.com/profile/824254)

Editorial Board Member

Department of Anesthesia, McMaster University, Hamilton, ON, Canada

Interests: chronic pain management; pharmacogenetics of mental health conditions; chronic disease management; healtheconomic impact of pharmacogenetics
Special Issues, Collections and Topics in MDPI journals

Dr. Nikolaos Drakoulis (https://sciprofiles.com/profile/802215)

Editorial Board Member

1. Research Group of Clinical Pharmacology and Pharmacogenomics, Faculty of Pharmacy, School of Health Sciences, National and Kapodistrian University of Athens,
15771 Zografou, Greece

2. Medical School, National and Kapodistrian University of Athens, 15784 Athens, Greece

Interests: pharmacogenetics; pharmavogenomics; clinical pharmacology

Prof. Dr. Zhenfeng Duan (https://sciprofiles.com/profile/2531946)
Website (https://orcid.org/0000-0002-8543-083X)

Editorial Board Member

Department of Orthopaedics, University of Miami, Miami, FL 33136, USA

Interests: osteosarcoma; orthopaedic surgery; sarcoma; cancer biomakers
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Drf@'er Dl;cloux (https://sciprofiles.com/profile/1936995)
el i{ps:l/scholar.g@viOﬁpDEAAAAJ&hhen)
Editorial Board Member
1. Cn Besancon, Department of Nephrology, Dialysis and Renal Transplantation, Federation Hospitalo-Universitaire INCREASEL 28(iegniscdeskiop, layaucgookie) O =
2. UMR RIGHT 1098, INSERM-EFS-UFC, 1 Bd Fleming, 25000 Besangon, France
Interests: kidney transplantation; immune senescence; viral infections; diabetes
Special Issues, Collections and Topics in MDPI journals

Dr. William Duddy (https://sciprofiles.com/profile/551563)

Website (https://www.ulster.ac.uk/staff/w-duddy)
Editorial Board Member
Biomedical Sciences Research Institute, School of Biomedical Sciences, Ulster University, Coleraine, UK
Interests: stratified medicine; neuromuscular disease; systems biology; integrative bioinformatics
Special Issues, Collections and Topics in MDPI journals

Dr. Stephanie Duguez (https://sciprofiles.com/profile/906539)

Editorial Board Member

Biomedical Sciences Research Institute, School of Biomedical Sciences, Ulster University, Coleraine, UK

Interests: neuromuscular disorders; motor neuron diseases; extracellular vesicles; mitochondrial biogenesis; muscle ageing; myoblasts; DNA methylation; Duchenne-
Becker; Amyotrophic Lateral Sclerosis (ALS); Spino-Bulbar Muscular Atrophy (SBMA); Spinal Muscular Atrophy (SMA)
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Dr. Albino Eccher (https://sciprofiles.com/profile/2456299)

Editorial Board Member

Department of Pathology and Diagnostics, University and Hospital Trust of Verona, 37126 Verona, Italy
Interests: immunohistochemistry; transplantation pathology; digital pathology; citopathology; artificial intelligence
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Tarec Christoffer El-Galaly
Website (http://blodet.dk/2017/01/17/tarec-christoffer-el-galaly/)
Editorial Board Member
Department of Hematology, Aalborg University Hospital, Dk-9000 Aalborg, Denmark
Interests: lymphoma and hematology in general

Dr. Cinotti Elisa
Website (https://orcid.org/0000-0002-4009-0659)
Editorial Board Member
Groupe d'Imagerie Cutanée Non Invasive (GICNI) of the Société Francgaise de Dermatologie (SFD), Paris, France
Interests: dermatology

Prof. Dr. Igor Elman (https://sciprofiles.com/profile/2015415)
Website (https://health.usnews.com/doctors/igor-elman-306286)
Editorial Board Member
Department of Psychiatry, School of Medicine, Harvard University, Cambridge, MA 02142, USA
Interests: addiction medicine; stress system; pathophysiology of severe neuropsychiatric disorders; psychiatry
Special Issues, Collections and Topics in MDPI journals

Dr. Jorge Luis Espinoza (https://sciprofiles.com/profile/492690)
Website (https://orcid.org/0000-0002-1794-6666)
Editorial Board Member
Faculty of Health Sciences, Kanazawa University, 5-11-80 Kodatsuno, Kanazawa, Ishikawa 920-0942, Japan
Interests: hematology and oncology; microbe-induced carcinogenesis; cancer drug discovery; parasitic infections; opportunistic microorganisms; immunology; microbiota;
infectious diseases; artificial intelligence and medical sciences
Special Issues, Collections and Topics in MDPI journals
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Website (https://orcid.org/0000-0001-5262-4489)

Editorial Board Member

Department of Translational Research, University of Pisa, 56126 Pisa, Italy

Interests: computed tomography; magnetic resonance imaging; contrast media; oncologic imaging; cardiac imaging; imaging informatics

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Myles S. Faith
Website (https://ed.buffalo.edu/about/directory/faculty/profile.html?uid=mfaith)
Editorial Board Member
Department of Counseling, School and Educational Psychology, University at Buffalo, Buffalo, NY, USA
Interests: Mental HealthSocial; Emotional Development

Dr. Sara M. Falzarano (https://sciprofiles.com/profile/2394803)
Website (https://ufhealth.org/sara-m-falzarano)
Editorial Board Member
University of Florida College of Medicine, Gainesville, FL 32608, USA
Interests: bladder cancer; kidney cancer; penile cancer; prostate cancer; testicular cancer

Prof. Dr. Hisham Fansa (https://sciprofiles.com/profile/1500351)
Website (https://www.fansa.ch/en/home.html)
Editorial Board Member
1. Department of Plastic Surgery and Breast Center, Spital Zollikerberg, 8125 Zollikerberg, Zirich, Switzerland
2. Department of Plastic, Reconstructive and Aesthetic Surgery, Hand Surgery, OWL-University, Klinikum Bielefeld, Teutoburger Str. 50, D-33604 Bielefeld, Germany
Interests: aesthetic facial surgery; aesthetic and reconstructive breast surgery after breast cancer; reconstructive microsurgery; super-microsurgery; peripheral nerve
reconstruction
Special Issues, Collections and Topics in MDPI journals

Dr. Zhien Feng_(https://sciprofiles.com/profile/2445415)
Website (https://yjsh.ccmu.edu.cn/dsdw/dsjj/ssyjsds/sdykdxfsbjkqyy1/kghmwkx21/d40eceb5f6dc494fb7eb2111b8ddc509.htm)
Editorial Board Member
Department of Oral and Maxillofacial-Head and Neck Oncology, Beijing Stomatological Hospital, Capital Medical University, No. 4 Tian Tan Xi Li, Dongcheng District, Beijing
100050, China
Interests: head and neck tumors; oral cancer; oral and maxillofacial oncology; parotid tumor

Prof. Dr. Francisco José Fernandez-Gémez (https://sciprofiles.com/profile/2052673)
Website (https://www.um.es/webliuie/formacion/doctorado/francisco-jose-fernandez-gomez)
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Abstract: Background: The elevated plus maze (EPM) and the marble burying (MB) tests are common
behavioral tests used for behavioral phenotyping in mouse models for neurodevelopmental disorders.
However, the behavioral effects of maternal separation (MS), a standard paradigm for early life stress
in animals, in both the EPM and MB tests remain incompletely known. Objectives: This study aimed
to investigate the behavioral effects of prolonged MS in the offspring of mice using the EPM and
MB tests. Methods: Male BALB/c mice were isolated from their mothers for 4 h each day during
the first 30 days after birth. On day 50 postnatal, groups of separated and non-separated mice
(n = 18/each group) were subjected to the EPM and MB tests for comparative behavioral evaluations.
In addition, the locomotor activity of mice was evaluated using the actophotometer test. Results:
The findings of the EPM test revealed that separated mice exhibited anxiolytic-like behaviors, as
evidenced by a significant increase in the latency to closed arms and the time spent in the open arms
compared with non-separated mice. Separated mice also showed compulsive burying activity in
the MB test, as determined by a significant increase in the number of buried marbles. The results
of the actophotometer test did not show any significant change in locomotor activity. Conclusions:
Prolonged MS caused the adult offspring of mice to exhibit a decrease in anxiety state and increased
compulsive burying activity, which were not associated with a change in locomotor activity. Further
investigations with validated tests are needed to support these findings.

Keywords: maternal separation; anxiety; compulsivity; adaptation; reproductive health; pregnancy;
marble burying test; mental disease; depression; impulsivity

1. Introduction

Early childhood adversity (CA) refers to a condition in which individuals are exposed
to a variety of stressors early in life, particularly during childhood [1]. Adverse childhood
experiences include several types of traumatic events, such as physical, emotional and sex-
ual abuse, as well as physical and emotional neglect, lack of maternal care and poverty [2,3].
Although the prevalence rate of childhood trauma differs substantially based on adversity
type, gender, culture and continent, it can affect more than 10% of the general population [4].
According to research based on questionnaires from community samples around the world,
75% of respondents had experienced childhood trauma, with a mean of three incidents [5].
In addition, statistics have found that patients with anxiety, obsessive-compulsive disorder
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(OCD) and other mental disorders present more frequently with a history of childhood
trauma than healthy populations [6].

There is considerable evidence in the research suggesting that CA has a complex and
non-specific effect on body systems that are associated with multiple health complications
on an individual’s physiology, behaviors and neural functions [7]. These effects are predis-
posing factors to chronic diseases such as hypertension, diabetes mellitus and cancer, or
can be associated with mental disorders [8], deviant behavior [9] and psychopathology [7].
Previous studies have also suggested that the adverse effects of CA present at any time
during the lifespan, even later in adulthood, with long-lasting and permanent effects [10].
Nevertheless, the severity of CA complications is believed to be influenced by various
rearing conditions, such as the time, intensity and duration of exposure to the adversity.

Neuroimaging and microscopy studies have found that CA can alter brain morphology
and causes a wide variety of structural, volumetric and demyelinating effects in various
neural regions in the brain [11-14]. Cumulative studies have also shown that CA can
impair the functional connectivity between various neural regions, including the connection
between the amygdala and prefrontal cortex, which is involved in regulating the anxiety
state [15,16]. There is a line of evidence that shows that CA results in a diminished anxiety
state in adult offspring [17,18]. Some researchers suggested that a reduced anxiety state may
be attributed to a decrease in the innate anxiety response that is related to the connection of
the amygdala and prefrontal cortex [19,20]. However, other research groups have suggested
that the anxiolytic effect is due to an impulsive action that triggers individuals to engage in
risky behaviors [21,22].

Although genetic factors play a major role in the development of OCD [23], environ-
mental factors substantially contribute to its etiology [24]. There is a sizable amount of
clinical research showing a causal link between CA and the development of OCD. These
studies indicate that patients with OCD are more frequently associated with a history of
CA than healthy individuals [25]. Additionally, the severity of OCD symptoms is positively
correlated with the number of early CA [26,27]. Notably, the effects on corticocortical and
limbic circuits caused by CA are similar to those seen in OCD, suggesting a pathophysio-
logical relationship [28].

One potential negative childhood experience is the separation from one’s mother.
It has been suggested that early separations impair the mother’s ability to form an at-
tachment, which reduces the possibility that the child and mother will develop a secure
relationship [29]. The correlation between maternal separation (MS) and aberrant behav-
iors in humans was recognized early on by John Bowlby, who suggested that continual
disruption of the attachment between infants and mothers was associated with a high risk
of cognitive impairment and affectionless psychopathy [30,31]. Later studies found that
children living in institutions with little opportunity for caregiver—child interaction grew
more slowly in terms of their physical, cognitive and social-emotional abilities and had a
higher rate of behavioral and executive function issues, even years after adoption [32,33].
Epidemiological studies also showed that early MS is associated with a higher risk of
developing schizotypal personality disorder symptoms [34], frequent nightmares [35] and
alcohol and drug dependence in early adulthood [36]. Moreover, there is evidence that MS
causes differential impacts on fear-related behaviors in a sex- and age-specific way [37].

During the last few decades, animal research has been extensively used to investigate
CA'’s effects, with a greater emphasis on the MS paradigm [38]. From an experimental
viewpoint, MS is defined as a procedure employed to isolate newborns from their mothers
for a predetermined period, which might range from a few hours to many days. A brief and
short separation procedure entails a daily separation of 15 min over a period that can be
extended to 14 days [39]. In contrast, a severe and prolonged separation procedure entails
a daily separation of 3—4 h, which lasts for more than 14 days [40]. Several studies have
shown that the MS consequence varies based on multiple variables, such as the time and
duration of separation, as well as the animal species and strains used in different research
groups [41-45]. However, there is a significant body of evidence from studies in animals
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that indicates that MS can disrupt hypothalamus—pituitary—adrenal axis function [46],
induce long-term oxidative stress in the brain [47] and cause lasting changes in emotion-
related behaviors, as well as impairing the growth of areas that are involved in the stressful
stimuli [48]. Neurochemical disorders [49], spatial memory loss [50], impulsivity [51] and
risk-taking behaviors such as drug abuse [52] were also correlated to the effects of MS.

The EPM and MB tests are common behavioral tests used for examining anxiety-like
behaviors in animals [53,54]. The MB test is also indicated for examining compulsive-
like behaviors [55,56] Although the EPM has frequently been used to investigate the
behavioral effects of MS, results obtained from this test are inconsistent among different
research groups. While many studies found that MS can induce anxiety-like behaviors
in the EPM test [57,58], a few others found that MS resulted in reduced anxiety-like
behaviors [59]. This suggests that the experimental conditions of the MS paradigm are not
well standardized in animal studies, which necessitates additional studies for conclusive
evidence. In addition, there is a glaring paucity of empirical research showing the role of
MS in participating in OCD. In light of this, the present study aimed to extend the previous
studies by investigating the behavioral effect of severe and prolonged MS in multimodal
tests, including the EPM, MB and locomotor activity tests. We hypothesized, in the current
study, that the use of such a multimodal approach could aid in a better understanding of
the behavioral effects of MS.

2. Methods
2.1. Animals Care and Husbandry

BALB/c mice were used as the model of choice in this study. All mice were kept under
well-controlled conditions (room temperature = 22-25 °C and relative humidity = 50-52%
in standard 12 h light/dark cycles). Mice had unrestricted access to tap water and stan-
dardized food pellets. Mice were raised in a noise-free environment at Isra University’s
animal facility in Jordan. All animal handling and use procedures were approved by the
Institution of Scientific Research Ethics of Isra University (1/4-2021/2022).

2.2. Maternal Separation Protocol

The procedure of MS was conducted as described previously [60-62] with some
modifications. Female pregnant mice were distributed individually into clean, transparent
cages 3—6 days before giving birth. After birth, mice mothers were separated from their
pups for 4 h daily (between 9 a.m. and 1 p.m.) for 30 days or were left undisturbed (in
the case of the control group), only handled during cage cleaning. During separation,
mice mothers were placed in separate cages with clean bedding and free access to food
pellets and drinking water. After day 30 postnatal, pups were kept in their cages and
raised with their dams and siblings, without any separation. All mice (dams and pups)
were kept at room temperature (22-25 °C) and relative humidity (50-52%). Control mice
(non-separated offspring) were subjected to the same conditions, without exposure to
the MS procedure. At day 50 postnatal, adult male mice were submitted to a variety of
behavioral tests, including the EPM, MB and the actophotometer tests. The behavioral tests
were repeated in three different sets of animals (n = 6/each group/each set). Data obtained
from maternally separated mice were compared with their counterparts of non-separated
mice. All behavioral tests were conducted at the Laboratory of Behavioral Pharmacology at
Isra University, Jordan.

2.3. Elevated plus Maze Test

The EPM apparatus was used as described previously [63]. The apparatus was com-
posed of a “+”-shaped maze elevated above the floor (60 cm in height) with four arms
(two oppositely positioned closed arms and two oppositely positioned open arms of 55 cm
length and 10 cm width) emerged from a center square. The test began with each mouse
being placed in the center area while its head was facing the open arm. The latency to
closed arms, the amount of time spent in the closed and open arms, the total arm entries
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and the number of head-dips were recorded over a 5 min period. All anxiety-like behaviors
were recorded using a digital camera and scored by an expert observer who was blind to
the experimental groups.

2.4. Marble Burying Test

Plastic transparent cages filled with 5-cm-thick burying material of wood chips (den-
sity 0.13 g/cm® and average diameter 0.6 cm) and provided with glass marbles (20 mm
diameter) were employed, as described previously [55]. The marbles (1 = 20) were uni-
formly spaced on the surface of the burying material of each cage and arranged in lines
(parallel to each other). The experiment began with each mouse being placed in its cage,
while the burying behavior was tracked by counting the total number of marbles buried at
15 and 30 min during the experiment. The marble was considered buried when at least two
thirds of its original volume was covered with wood chips.

2.5. Measurement of Locomotor Activity

The actophotometer model was used to quantify spontaneous coordinate activity
in mice, as previously described [64]. The test began with the placement of each mouse
individually in the animal activity cage of clear Perspex (Ugo Basile, 40 x 40 cm) for the
measurement of horizontal movement over 10 min throughout the experiment. The number
of infrared beam interruptions was automatically counted by the actophotometer and was
measured as an index of locomotor activity.

2.6. Statistical Analysis

Data obtained from animal tests were presented as mean =+ standard error of the mean
(SEM). Statistical significance between groups was calculated by the unpaired t test using
the GraphPad Prism software. A p-value less than 0.05 was considered significant between
animal groups.

3. Results
3.1. Elevated plus Maze Test

Data obtained from the EPM test revealed that mice challenged with repeated MS
exhibited higher latency to the closed arms (Figure 1) and a significant increase in the
amount of time spent in the closed and open arms (Figures 2 and 3, respectively) compared
to their non-separated counterparts. No significant change (p = 0.47) was observed in
the total number of entries to the arms between the separated and non-separated mice
(Figure 4). The results also showed that the total number of head-dips was significantly
decreased in the separated mice (Figure 5). A total of 36 mice were used in this test
(n =18/group).

3.2. Marble Burying Test

The findings from the repeated MB test revealed that separated mice buried a sig-
nificantly higher number of marbles than non-separated mice at 15 and 30 min of the
experimental session (Figure 6). A total of 36 mice were used in this test (n = 18/group).
Interestingly, the intra-individual variation among the separated mice was less than that
observed in the non-separated counterparts.

3.3. Measurement of Locomotor Activity

Data obtained from the actophotometer showed that separated mice had comparable
horizontal movement to that of non-separated mice. The statistical analysis failed to find
any significant difference (p = 0.8) between these groups (Figure 7). A total of 36 mice were
used in this test (n = 18/group).
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Figure 1. Latency to the closed arms. (*) indicates significant difference (p < 0.05) between separated
and non-separated mice by the unpaired ¢ test (n = 18/each group).
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Figure 2. Time spent in the closed arms. (*) indicates significant difference (p < 0.05) between
separated and non-separated mice by the unpaired ¢ test (n = 18/each group).
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Figure 3. Time spent in the open arms. (*) indicates significant difference (p < 0.05) between separated
and non-separated mice by the unpaired ¢ test (n = 18/each group).
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Figure 4. Total arm entries in the EPM test. There was no significant difference between the groups
(p > 0.05) (n = 18/each group).
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Figure 5. Number of head-dips in experimental groups. (*) indicates significant difference (p < 0.05)
between separated and non-separated mice by the unpaired ¢ test (n = 18/each group).
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Figure 6. (a) Number of marbles buried at 15 min during MB test. (b) Number of marbles buried
at 30 min during MB test. (*) indicates significant difference (p < 0.05) between separated and
non-separated mice by the unpaired ¢t test (1 = 18/each group).
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Figure 7. Average of locomotor activity of maternally separated mice as measured by the number of
light beam interruptions compared to the non-separated mice (n = 18/each group). There was no
significant difference between the groups (p > 0.05).

4. Discussion

Over the past few decades, there has been mounting evidence that adverse childhood
experiences can affect how individuals respond to both disease and treatment [65]. Many



J. Pers. Med. 2022, 12,1921

9of 15

studies showed that childhood adversity can cause epigenetic changes [66] and increase
an individual’s susceptibility to various illnesses, such as cancer, heart disease, endocrine
disorders and mental illnesses [67,68]. Likewise, the findings of the current study provide
supporting evidence that mice exposed to early life stress by being separated from their
mothers (from day 1 to 30 postnatal) were more likely to exhibit aberrant behaviors than
their non-separated peers. These behaviors were characterized by a significant decrease in
anxiety state and a significant increase in compulsive-like behaviors. Therefore, MS can
influence the inter-individual variation in the susceptibility to diseases, such as anxiety and
compulsive-related disorders, and their pharmacotherapy.

Because different MS paradigms were used in animal studies, including the use of dif-
ferent species, strains, time and duration of separation, the findings of behavioral alterations
were inconsistent. Some studies showed that MS resulted in cognitive impairments [69],
anxiety [70] and depressive like-behaviors [44] in rodents. However, other studies reported
coping, risk-taking and paradoxical behavioral effects [71]. These results indicate that
mother—child interactions are highly susceptible to various environmental factors, which
can alter brain development in particular ways.

Although most previous studies focused on the effects of maternal separation during
infancy and the early weaning period (from day 1 to 21 postnatal), this study, however,
was designed to examine the effect of a prolonged separation procedure that covered the
prepubertal period (from day 1 to 30 postnatal). Research on brain development suggested
that the maturing brain, during the prepubertal and adolescence period, may be particularly
vulnerable to the effect of stress, and this effect may significantly increase the likelihood of
developing risky behaviors later in life [72] and cause differential impacts on fear-related
behaviors in a sex- and age-specific way [37]. Similarly, this study showed evidence that
prolonged MS reduced the anxiety level, which reflects risk-taking behavior. In addition,
this is the first study that aimed to investigate the effect of prolonged maternal separation
on the marble burying activity in the offspring of mice.

Coping with various forms of early childhood stress has been recognized as an im-
portant element of life that promotes healthy development [73]. However, the capacity to
cope with stress can be affected by a number of factors, including the type and severity
of the stress [74]. Studies indicate that strong and frequent stress might have a negative
impact on a child’s growth and brain architecture [75]. Therefore, identifying distinct types
of stress and understanding their effects may aid in making better decisions regarding the
need for interventions that lower the risk of long-term unfavorable outcomes. In this study,
a prolonged MS procedure was employed to identify the behavioral effect of maternal
care deprivation on BALB/C mice. In addition, a combination of multiple behavioral
tests, including the EPM, MB and actophotometer tests, was used to analyze the complex
and multifaceted effects of prolonged MS in the BALB/c mice. All behavioral tests were
repeated in three different sets of animals to verify the validity of the results from the
separation procedure employed in this study:.

BALB/c mice are a very common inbred strain in biological research that is frequently
used in behavioral studies [76,77]. According to recent studies, these mice are generally
more susceptible to social defeat stress than C57BL/6 mice, another popular mouse strain,
and exhibit a greater anxious response and less social activity [41,78,79]. Moreover, these
mice showed a phenotypic trait of compulsivity that can be exacerbated over exposure
to chronic stress [80-82]. Although previous studies showed that different mice strains
showed distinctive stress sensitivity and anxiety-like behaviors [83], the effect of prolonged
MS on BALB/c mice remains unknown. These together may justify the use of the BALB/c
strain in the current study. In addition, female mice were not used for the behavioral tests
because male and female siblings were not separated at any time before the experiments.
Therefore, using adult female mice (at age 50 days) was not appropriate due to possible
concerns about the effect of sexual maturation and potential gestation. Sibling separation
was avoided in this study as the primary aim was to examine the negative impact of
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maternal separation and to rule out the possible effects inflicted by other stress factors,
such as the separation of siblings.

The use of the EPM test is a valid method to assess anxiety in laboratory mice [84,85].
The principle function of this test is essentially based on the tendency of mice to display
normal aversion to open spaces while exhibiting a greater preference to return to the closed
areas to avoid potential threats [86]. The measuring parameters of the EPM test may
include anxiety-related measures (e.g., the time spent in the closed arms), impulsivity-
related measures (e.g., the time spent in the open arms) and locomotion-related behaviors
(e.g., the total entries to the arms). A previous study showed that anxiety measures in the
EPM test were downregulated by benzodiazepines, whereas serotonin receptor agonists
showed an anxiolytic effect in only one measure [87]. This may indicate that benzodiazepine
receptors have a key role in regulating anxiety-like behaviors in the EPM test. In this study,
data from the EPM test revealed that, contrary to our expectation, separated mice had less
anxiety than their non-separated counterparts, as demonstrated by a significant increase
in the latency to the closed arms and a significant decrease in the time spent in the closed
arms. In addition, these mice exhibited decreased head-dipping behavior, which is a
potential escape response in mice [88]. The reduction in the anxiety state in response to
prolonged MS may indicate that BALB/c mice have a high capacity to cope with chronic
stress. Previous studies have suggested that the reduction in the anxiety state in the MS
paradigm is attributed to an adaptogenic mechanism that aids individuals in coping with
stress [21]. They hypothesized that repeated exposure to early life stress can accelerate the
maturation in the connection between the amygdala and prefrontal cortex, which in turn
leads to a progressive decrease in cortisol reactivity to stress [20,89]. Another study has
suggested that the adaptogenic effect following CA could be attributed to a change in the
central dopaminergic activity [21].The separated mice also showed impulsive-like behavior
in the EPM test, which was determined by a significant increase in the amount of time
spent in the open arms. Impulsivity, or impulsive action, refers to the inability to inhibit
one’s behavioral drives and thoughts, which results in activities that are poorly conceived,
prematurely expressed, excessively risky or inappropriate for the situation and frequently
have unintended consequences. Epidemiological studies have shown a positive association
between CA and increased risk of impulsivity and engaging in risky behaviors [22,90].

The EPM data also revealed that total arm entries in the MS paradigm did not correlate
with anxiety-related measures. This may indicate that, at least in part, prolonged MS
reduced the anxiety state without causing a change in the locomotory activity of BALB/c
mice. This was compatible with the result of the actophotometer test, which did not
show any significant difference in the locomotor activity between separated and non-
separated peers.

Burying behavior, which is defined as the process of placing the bedding materi-
als over noxious and harmless objectives, is a normal behavior in wild and laboratory
rodents [91,92]. The motivations underlying the burying behavior are multi-faceted, includ-
ing the tendency to store food for hoarding, protect against noxious (e.g., glass marbles)
and harmful objects and provide an appropriate environment for breeding. Several studies
have suggested that MB behavior in mice, which is a common animal model in behavioral
research, has a compulsive nature [55,56] that may resemble mild compulsive behaviors in
humans. However, recent studies have suggested that excessive burying behavior is a valid
prediction of compulsive-related disorders [93,94]. Compulsive disorder has been defined
as an aberrant tendency to perform an action persistently and repetitively that occurs as an
attempt to mitigate or distract from obsessive thoughts [95]. It has been proposed that mice
treat glass marbles as harmful objects and they bury them repetitively to eliminate such a
source of threat [56]. The findings of the present study revealed that separated mice showed
a significant increase in the number of buried marbles at various times throughout repeated
experimental sessions, indicating that these mice exhibited compulsive-like behaviors. The
findings of the MB test provide empirical support for the clinical evidence describing an
association between CA and the development of OCD [26,96]. Therefore, the prolonged
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MS paradigm can be used as a useful tool for elucidating the neural basis that underlies the
pathogenesis of OCD.

The results of the present study lend at least some support to attachment theory [97],
which suggests that the mother—child attachment system, particularly in the early years,
functions as a key component in regulating children’s emotions and behaviors and medi-
ating healthy development in later life. Although this study has reached its aims, there
were some unavoidable limitations. First, this research was restricted to exploring the
alterations in behavioral phenotypes. Therefore, further studies are needed that involve
some biochemical and molecular evaluations. Specifically, as there is a line of evidence
showing that cortisol reactivity is sensitive to a wide variety of environmental stressors
and gradually changes over time during body development, measuring cortisol levels
may therefore aid in understanding how the MS procedure used in the current study
contributes in decreasing the anxiety state and increasing the compulsive-like behaviors
in mice [46,98-100]. Additionally, further studies are needed to determine how the MS
method used in this study affects the connectivity between the amygdala and prefrontal
cortex, as a growing body of research suggests that mother—child attachment has signif-
icant effects on the regulation and maturation of this neurocircuitry, which is crucial for
forming normal behaviors and healthy emotions. Second, our results could not determine
whether the behavioral alterations in this study could be attributed to the effect of MS
itself or whether they were indirectly related to the stress inflicted on the mothers, which
could affect the care given to their pups. A line of emerging evidence demonstrated that
poorer environmental quality was linked to altered breastfeeding behaviors and breast milk
composition, as well as a reduced likelihood of breastfeeding initiation and a higher risk
of terminating nursing [101,102]. This could be addressed in future studies by examining
maternal care measures. Finally, as the male and female mice were not separated in the
current study, the behavioral tests were conducted only on the male mice to avoid concerns
related to the effect of sex maturation and possible gestation. Additional studies are re-
quired to elaborate the potential differences between the sexes to understand the influence
of early MS in later developing psychopathology.

5. Conclusions

The results of this study offer empirical support for previous studies that found an
association between MS and the emergence of aberrant behaviors in mice. Prolonged
MS caused adult offspring of mice to exhibit a decrease in anxiety states and increased
compulsive burying activity, which were not associated with a change in locomotor activity.
Impulsivity appears to mediate reduced anxiety, although more behavioral and biolog-
ical measurements, as well as assessing the difference in both males and females using
rigorously validated tests, are needed to support these findings.
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MS paradigm can be used as a useful tool for elucidating the neural basis that underlies the
pathogenesis of OCD.

The results of the present study lend at least some support to attachment theory [97],
which suggests that the mother—child attachment system, particularly in the early years,
functions as a key component in regulating children’s emotions and behaviors and medi-
ating healthy development in later life. Although this study has reached its aims, there
were some unavoidable limitations. First, this research was restricted to exploring the
alterations in behavioral phenotypes. Therefore, further studies are needed that involve
some biochemical and molecular evaluations. Specifically, as there is a line of evidence
showing that cortisol reactivity is sensitive to a wide variety of environmental stressors
and gradually changes over time during body development, measuring cortisol levels
may therefore aid in understanding how the MS procedure used in the current study
contributes in decreasing the anxiety state and increasing the compulsive-like behaviors
in mice [46,98-100]. Additionally, further studies are needed to determine how the MS
method used in this study affects the connectivity between the amygdala and prefrontal
cortex, as a growing body of research suggests that mother—child attachment has signif-
icant effects on the regulation and maturation of this neurocircuitry, which is crucial for
forming normal behaviors and healthy emotions. Second, our results could not determine
whether the behavioral alterations in this study could be attributed to the effect of MS
itself or whether they were indirectly related to the stress inflicted on the mothers, which
could affect the care given to their pups. A line of emerging evidence demonstrated that
poorer environmental quality was linked to altered breastfeeding behaviors and breast milk
composition, as well as a reduced likelihood of breastfeeding initiation and a higher risk
of terminating nursing [101,102]. This could be addressed in future studies by examining
maternal care measures. Finally, as the male and female mice were not separated in the
current study, the behavioral tests were conducted only on the male mice to avoid concerns
related to the effect of sex maturation and possible gestation. Additional studies are re-
quired to elaborate the potential differences between the sexes to understand the influence
of early MS in later developing psychopathology.

5. Conclusions

The results of this study offer empirical support for previous studies that found an
association between MS and the emergence of aberrant behaviors in mice. Prolonged
MS caused adult offspring of mice to exhibit a decrease in anxiety states and increased
compulsive burying activity, which were not associated with a change in locomotor activity.
Impulsivity appears to mediate reduced anxiety, although more behavioral and biolog-
ical measurements, as well as assessing the difference in both males and females using
rigorously validated tests, are needed to support these findings.
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