
 



(https://jrespharm.com/)

Journal of Research in Pharmacy
An international open-access journal of pharmacy and pharmaceutical sciences

Formerly published as Marmara Pharmaceutical Journal

ISSN : 1309-0801

Current Issue (https://jrespharm.com/content.php?id=82)

Articles in Press (https://jrespharm.com/content.php?id=46)

Archive (https://jrespharm.com/archive.php)

Search (https://jrespharm.com/search.php)

Author Benefits (https://jrespharm.com/static.php?id=11)

Editor-in-Chief

Hatice Kübra Elçioğlu

Vice Editors

Levent Kabasakal

Esra Tatar

Online ISSN

2630-6344

Publisher

Marmara University

Frequency

Bimonthly (Six issues / year)

Abbreviation

J.Res.Pharm.

Former Name

Marmara Pharmaceutical Journal

Editorial Board

Editor-in-Chief
Hatice Kübra ELÇİOĞLU
Department of Pharmacology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
kubra.elcioglu@marmara.edu.tr (mailto:kubra.elcioglu@marmara.edu.tr)

Vice Editors
Levent KABASAKAL
Department of Pharmacology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
lkabasakal@marmara.edu.tr (mailto:lkabasakal@marmara.edu.tr)

Esra TATAR
Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
etatar@marmara.edu.tr (mailto:etatar@marmara.edu.tr)

 

Analytical Chemistry & Therapeutic Drug Monitoring

Anil Kumar DWIVEDI
Central Drug Research Institute, Lucknow, India
anilcdri@gmail.com (mailto:anilcdri@gmail.com)

https://jrespharm.com/
https://jrespharm.com/content.php?id=82
https://jrespharm.com/content.php?id=46
https://jrespharm.com/archive.php
https://jrespharm.com/search.php
https://jrespharm.com/static.php?id=11
mailto:kubra.elcioglu@marmara.edu.tr
mailto:lkabasakal@marmara.edu.tr
mailto:etatar@marmara.edu.tr
mailto:anilcdri@gmail.com


Anisa ELHAMILI
Department of Medicinal & Pharmaceutical Chemistry, Faculty of Pharmacy, University of Tripoli, Tripoli, Libya
aaelhamili2000@gmail.com (mailto:aaelhamili2000@gmail.com)

Emirhan NEMUTLU
Department of Analytical Chemistry, Faculty of Pharmacy, Hacettepe University, Ankara, Türkiye
enemutlu@hacettepe.edu.tr (mailto:enemutlu@hacettepe.edu.tr)

Lorena MEMUSHAJ 
Department of Pharmacy, Faculty of Medical Sciences, Aldent University, Tirana, Albania
lorena.memushaj@ual.edu.al (mailto:lorena.memushaj@ual.edu.al)

Mehmet GÜMÜŞTAŞ
Department of Forensic Toxicology, Institute of Forensic Sciences, Ankara University, Ankara, Türkiye
mgumustas@hotmail.com (mailto:mgumustas@hotmail.com)

Mohd Younis RATHER
Multidisciplinary Research Unit, Government Medical College Srinagar, Srinagar, India
younis.rather78@gmail.com (mailto:younis.rather78@gmail.com)

Pablo MIRALLES IBARRA
1. Foundation for the Promotion of Health and Biomedical Research in the Valencian Region (FISABIO-Public Health), Valencia, Spain
2. Department of Analytical Chemistry, Faculty of Chemistry, University of Valencia, Burjassot, Spain miralles_pabiba@gva.es (mailto:miralles_pabiba@gva.es)

Pınar TALAY PINAR
Department of Analytical Chemistry, Faculty of Pharmacy, Yüzüncü Yıl University, Van, Türkiye
ptalay@gmail.com (mailto:ptalay@gmail.com)

 

Biochemistry & Cancer Research

Beyza Ecem ÖZ BEDİR
Department of Medical Biology, Faculty of Medicine, Ankara Yıldırım Beyazıt University, Ankara, Türkiye
beoz@ybu.edu.tr (mailto:beoz@ybu.edu.tr)

Débora DUMMER MEIRA
Department of Biological Sciences, Nucleus of Human and Molecular Genetics, Federal University of Espírito Santo, Vitória- Espírito Santo, Brazil
debora.dummer.meira@gmail.com (mailto:debora.dummer.meira@gmail.com)

Derya ÖZSAVCI
Department of Biochemistry, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
derya.ozsavci@marmara.edu.tr (mailto:derya.ozsavci@marmara.edu.tr)

Emine TERZİ
Department of Medical Biology, Faculty of Medicine, Ankara Yıldırım Beyazıt University, Ankara, Türkiye
emineterzi1990@hotmail.com (mailto:emineterzi1990@hotmail.com)

Gülberk UÇAR
Department of Biochemistry, Faculty of Pharmacy, Hacettepe University, Ankara, Türkiye
gulberk@hacettepe.edu.tr (mailto:gulberk@hacettepe.edu.tr)

Haidar A ABDULAMIR
College of Pharmacy, Al-Maaql University, Basra, Iraq
h_al_attar@yahoo.com (mailto:h_al_attar@yahoo.com)

Hamide Sena ÖZBAY
Department of Biochemistry, Faculty of Pharmacy, Hacettepe University, Ankara, Türkiye
senaozbay@hacettepe.edu.tr (mailto:senaozbay@hacettepe.edu.tr)

Lokman AYAZ
Department of Biochemistry, Faculty of Pharmacy, Trakya University, Edirne, Türkiye
lokmanayaz@yahoo.com (mailto:lokmanayaz@yahoo.com)

 

Biotechnology 

Ali Demir SEZER
Department of Pharmaceutical Biotechnology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
adsezer@marmara.edu.tr (mailto:adsezer@marmara.edu.tr)

Ammad Ahmad FAROOQI
Department of Molecular Oncology, Institute of Biomedical and Genetic Engineering (IBGE), Islamabad, Pakistan
farooqiammadahmad@gmail.com (mailto:farooqiammadahmad@gmail.com)

mailto:aaelhamili2000@gmail.com
mailto:enemutlu@hacettepe.edu.tr
mailto:lorena.memushaj@ual.edu.al
mailto:mgumustas@hotmail.com
mailto:younis.rather78@gmail.com
mailto:miralles_pabiba@gva.es
mailto:ptalay@gmail.com
mailto:beoz@ybu.edu.tr
mailto:debora.dummer.meira@gmail.com
mailto:derya.ozsavci@marmara.edu.tr
mailto:emineterzi1990@hotmail.com
mailto:gulberk@hacettepe.edu.tr
mailto:h_al_attar@yahoo.com
mailto:senaozbay@hacettepe.edu.tr
mailto:lokmanayaz@yahoo.com
mailto:adsezer@marmara.edu.tr
mailto:farooqiammadahmad@gmail.com


Ceyda EKENTOK ATICI
Department of Pharmaceutical Biotechnology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
ceyda.ekentok@marmara.edu.tr (mailto:ceyda.ekentok@marmara.edu.tr)

Murat DOĞAN
Department of Pharmaceutical Biotechnology, Faculty of Pharmacy, Cumhuriyet University, Sivas, Türkiye
mdogan@cumhuriyet.edu.tr (mailto:mdogan@cumhuriyet.edu.tr)

Uğur KARAGÖZ
Department of Pharmaceutical Biotechnology, Faculty of Pharmacy, Trakya University, Edirne, Türkiye
ugurkaragoz@trakya.edu.tr (mailto:ugurkaragoz@trakya.edu.tr)

 

Clinical Pharmacy & Social Pharmacy & Pharmacoeconomy

Abdikarim Mohammed ABDI
Department of Clinical Pharmacy, Faculty of Pharmacy, Yeditepe University, Istanbul, Türkiye
abdikarim.abdi@yeditepe.edu.tr (mailto:abdikarim.abdi@yeditepe.edu.tr)

Betül OKUYAN
Department of Clinical Pharmacy, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
betul.okuyan@marmara.edu.tr (mailto:betul.okuyan@marmara.edu.tr)

Maja ORTNER HADŽİABDİĆ
Centre for Applied Pharmacy, Faculty of Pharmacy and Biochemistry, University of Zagreb, Zagreb, Croatia
mortner@pharma.hr (mailto:mortner@pharma.hr)

Mesut SANCAR
Department of Clinical Pharmacy, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
mesut.sancar@marmara.edu.tr (mailto:mesut.sancar@marmara.edu.tr)

Mirela MIRAÇI
Faculty of Pharmacy, University of Medicine, Tirana, Albania
mirela.miraci@umed.edu.al (mailto:mirela.miraci@umed.edu.al)

Nasir IDKAIDEK
Department of Pharmaceutics and Pharmaceutical Technology, Faculty of Pharmacy and Medical Sciences, Petra University, Amman, Jordan
nidkaidek@uop.edu.jo (mailto:nidkaidek@uop.edu.jo)

Tarik CATİĆ
Department of Pharmacy, Sarajevo School of Science and Technology, Sarajevo, Bosnia and Herzegovina
tarik.catic@ssst.edu.ba (mailto:tarik.catic@ssst.edu.ba)

 

In Silico Studies

Efe Doğukan DİNCEL
Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Istanbul University, Istanbul, Türkiye
efe.dincel@istanbul.edu.tr (mailto:efe.dincel@istanbul.edu.tr)

Gizem TATAR YILMAZ
Department of Biostatistics and Medical Informatics, Faculty of Medicine, Karadeniz Technical University, Trabzon, Türkiye
gizemtatar@gmail.com (mailto:gizemtatar@gmail.com)

 

Medicinal Chemistry

Bahadır BÜLBÜL
Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Düzce University, Düzce, Türkiye
bahadir.bulbul@yahoo.com.tr (mailto:bahadir.bulbul@yahoo.com.tr)

Entela HALOCI
Faculty of Pharmacy, University of Medicine, Tirana, Albania
entela.haloci@umed.edu.al (mailto:entela.haloci@umed.edu.al)

Hasan Erdinç SELLİTEPE
Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Karadeniz Technical University, Trabzon, Türkiye
esellitepe@ktu.edu.tr (mailto:esellitepe@ktu.edu.tr)

Kerem BURAN
Department of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Health Sciences, Istanbul, Türkiye
Kerem.buran@sbu.edu.tr (mailto:Kerem.buran@sbu.edu.tr)

mailto:ceyda.ekentok@marmara.edu.tr
mailto:mdogan@cumhuriyet.edu.tr
mailto:ugurkaragoz@trakya.edu.tr
mailto:abdikarim.abdi@yeditepe.edu.tr
mailto:betul.okuyan@marmara.edu.tr
mailto:mortner@pharma.hr
mailto:mesut.sancar@marmara.edu.tr
mailto:mirela.miraci@umed.edu.al
mailto:nidkaidek@uop.edu.jo
mailto:tarik.catic@ssst.edu.ba
mailto:efe.dincel@istanbul.edu.tr
mailto:gizemtatar@gmail.com
mailto:bahadir.bulbul@yahoo.com.tr
mailto:entela.haloci@umed.edu.al
mailto:esellitepe@ktu.edu.tr
mailto:Kerem.buran@sbu.edu.tr


Simone CARRADORI
Department of Pharmacy, "G. d'Annunzio" University of Chieti-Pescara, Chieti, Italy
simone.carradori@unich.it (mailto:simone.carradori@unich.it)

Somaieh SOLTANI
Faculty of Pharmacy, Tabriz University of Medical Sciences, Tabriz, Iran
soltanis@tbzmed.ac.ir (mailto:soltanis@tbzmed.ac.ir)

 

Microbiology & Immunology

Erkan RAYAMAN
Department of Pharmaceutical Microbiology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
erayaman@marmara.edu.tr (mailto:erayaman@marmara.edu.tr)

Gülgün TINAZ
Department of Basic Pharmaceutical Sciences, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
gulgun.tinaz@marmara.edu.tr (mailto:gulgun.tinaz@marmara.edu.tr)

Zahraa AMER HASHIM
Department of Microbiology and Immunology, College of Pharmacy, Mosul University, Mosul, Iraq
hashimz@uomosul.edu.iq (mailto:hashimz@uomosul.edu.iq)

 

Pharmaceutical Botany & Pharmacognosy & Chemistry of Natural Products

Ahmet EMİR
Department of Pharmacognosy, Faculty of Pharmacy, Ege University, Izmir, Türkiye
ahmet.emir@ege.edu.tr (mailto:ahmet.emir@ege.edu.tr)

Annalisa CHIAVAROLI
Department of Pharmacology, Faculty of Pharmacy, G. d′Annunzio University of Chieti-Pescara, Chieti, Italy
annalisa.chiavaroli@unich.it (mailto:annalisa.chiavaroli@unich.it)

Antoaneta TRENDAFILOVA
Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, Sofia, Bulgaria
antoaneta.trendafilova@orgchm.bas.bg (mailto:antoaneta.trendafilova@orgchm.bas.bg)

Ayşe Esra KARADAĞ
Department of Pharmacognosy, Faculty of Pharmacy, Istanbul Medipol University, Istanbul, Türkiye
ayseesraguler@gmail.com (mailto:ayseesraguler@gmail.com)

Ceren EMİR
Department of Pharmacognosy, Faculty of Pharmacy, Ege University, Izmir, Türkiye
ceren.acir@ege.edu.tr (mailto:ceren.acir@ege.edu.tr)

Claudio FERRANTE
Department of Pharmacology, Faculty of Pharmacy, G. d′Annunzio University of Chieti-Pescara, Chieti, Italy
claudio.ferrante@unich.it (mailto:claudio.ferrante@unich.it)

İ. İrem TATLI ÇANKAYA
Department of Pharmaceutical Botany, Faculty of Pharmacy, Hacettepe University, Ankara, Türkiye
iremcankaya@gmail.com (mailto:iremcankaya@gmail.com)

Laleh KHODAIE
Department of Pharmacognosy, Faculty of Traditional Medicine, Tabriz University of Medical Sciences, Tabriz, Iran
khodaiel@gmail.com (mailto:khodaiel@gmail.com)

Lejla KLEPO
Department of Chemistry, Faculty of Science, University of Sarajevo, Sarajevo, Bosnia and Herzegovina
klepolejla@gmail.com (mailto:klepolejla@gmail.com)

Mirjana MARČETİĆ
Department of Pharmacognosy, Faculty of Pharmacy, University of Belgrade, Belgrade, Serbia
mirjana.marcetic@pharmacy.bg.ac.rs (mailto:mirjana.marcetic@pharmacy.bg.ac.rs)

Nurettin YAYLI
Department of Pharmacognosy, Faculty of Pharmacy, Karadeniz Technical University, Trabzon, Türkiye
yayli@ktu.edu.tr (mailto:yayli@ktu.edu.tr)

Patrícia RIJO
Research Center for Biosciences & Health Technologies, Lusofona University, Lisbon, Portugal
p1609@ulusofona.pt (mailto:p1609@ulusofona.pt)

Pharmacognosy

mailto:simone.carradori@unich.it
mailto:soltanis@tbzmed.ac.ir
mailto:erayaman@marmara.edu.tr
mailto:gulgun.tinaz@marmara.edu.tr
mailto:hashimz@uomosul.edu.iq
mailto:ahmet.emir@ege.edu.tr
mailto:annalisa.chiavaroli@unich.it
mailto:antoaneta.trendafilova@orgchm.bas.bg
mailto:ayseesraguler@gmail.com
mailto:ceren.acir@ege.edu.tr
mailto:claudio.ferrante@unich.it
mailto:iremcankaya@gmail.com
mailto:khodaiel@gmail.com
mailto:klepolejla@gmail.com
mailto:mirjana.marcetic@pharmacy.bg.ac.rs
mailto:yayli@ktu.edu.tr
mailto:p1609@ulusofona.pt


Sneha AGRAWAL
Department of Pharmacognosy, Bharati Vidyapeeth's College of Pharmacy, Navi Mumbai, Maharashtra, India
sneha.agrawal@bvcop.in (mailto:sneha.agrawal@bvcop.in)

Turgut TAŞKIN
Department of Pharmacognosy, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
turguttaskin@marmara.edu.tr (mailto:turguttaskin@marmara.edu.tr)

Viktorija MAKSIMOVA
Department of Applied Sciences, Faculty of Medical Sciences, Goce Delcev University, Shtip, Republic of N. Macedonia
viktorija.maksimova@ugd.edu.mk (mailto:viktorija.maksimova@ugd.edu.mk)

Vildan ÇELİKSOY
School of Optometry and Vision Sciences, Cardiff University, Cardiff, UK
celiksoyv92@gmail.com (mailto:celiksoyv92@gmail.com)

Vilma TOSKA PAPAJANI
Department of Pharmacy, University of Medicine, Tirana, Albania
toskavilma@gmail.com (mailto:toskavilma@gmail.com)

Zoran ZEKOVIĆ 
Faculty of Technology, University of Novi Sad, Novi Sad, Serbia
zzekovic@tf.uns.ac.rs (mailto:zzekovic@tf.uns.ac.rs)

 

Pharmaceutics

Afife Büşra UĞUR KAPLAN
Department of Pharmaceutical Technology, Faculty of Pharmacy, Atatürk University, Erzurum, Türkiye
afife.busra.ugur@gmail.com (mailto:afife.busra.ugur@gmail.com)

Burcu ÜNER
Pharmaceutical and Administrative Sciences, The University of Health Science and Pharmacy in St. Louis, USA
uner.burcu@yahoo.com (mailto:uner.burcu@yahoo.com)

Dhanashree P. SANAP
Department of Pharmaceutics, Bharati Vidyapeeth's College of Pharmacy,Navi Mumbai, India
dhanashree.sanap@bvcop.in (mailto:dhanashree.sanap@bvcop.in)

Dinesh KUMAR
Department of Pharmaceutical Engineering & Technology, Indian Institute of Technology (BHU), Varanasi, India
dinesh.phe@itbhu.ac.in (mailto:dinesh.phe@itbhu.ac.in)

Ebru ALTUNTAŞ
Department of Pharmaceutical Technology, Faculty of Pharmacy, Istanbul University, Istanbul, Türkiye
ebru.altuntas@istanbul.edu.tr (mailto:ebru.altuntas@istanbul.edu.tr)

Ela HOTI
Faculty of Pharmacy, University of Medicine, Tirana, Albania
ela.hoti@umed.edu.al (mailto:ela.hoti@umed.edu.al)

Emrah ÖZAKAR
Department of Pharmaceutical Technology, Faculty of Pharmacy, Atatürk University, Erzurum, Türkiye
emrahozakar@atauni.edu.tr (mailto:emrahozakar@atauni.edu.tr)

Enkelejda GOCI
Pharmacotherapeutic Research Center, Aldent University, Tirana, Albania
enkelejda.goci@ual.edu.al (mailto:enkelejda.goci@ual.edu.al)

Kleva SHPATI
Department of Pharmacy, Albanian University , Tirana, Albania
k.shpati@albanianuniversity.edu.al (mailto:k.shpati@albanianuniversity.edu.al)

Sakine TUNCAY TANRIVERDİ
Department of Pharmaceutical Technology, Faculty of Pharmacy, Ege University, İzmir, Türkiye
sakine.tuncay@ege.edu.tr (mailto:sakine.tuncay@ege.edu.tr)

Gülşah GEDİK
Department of Pharmaceutical Technology, Faculty of Pharmacy, Trakya University, Edirne, Türkiye
gulsahgedik@trakya.edu.tr (mailto:gulsahgedik@trakya.edu.tr)

Ongun Mehmet SAKA
Department of Pharmaceutical Technology and Biotechnology, Faculty of Pharmacy, Ankara University, Ankara, Türkiye
omsaka@gmail.com (mailto:omsaka@gmail.com)

mailto:sneha.agrawal@bvcop.in
mailto:turguttaskin@marmara.edu.tr
mailto:viktorija.maksimova@ugd.edu.mk
mailto:celiksoyv92@gmail.com
mailto:toskavilma@gmail.com
mailto:zzekovic@tf.uns.ac.rs
mailto:afife.busra.ugur@gmail.com
mailto:uner.burcu@yahoo.com
mailto:dhanashree.sanap@bvcop.in
mailto:dinesh.phe@itbhu.ac.in
mailto:ebru.altuntas@istanbul.edu.tr
mailto:ela.hoti@umed.edu.al
mailto:emrahozakar@atauni.edu.tr
mailto:enkelejda.goci@ual.edu.al
mailto:k.shpati@albanianuniversity.edu.al
mailto:sakine.tuncay@ege.edu.tr
mailto:gulsahgedik@trakya.edu.tr
mailto:omsaka@gmail.com


Oya KERİMOĞLU
Department of Pharmaceutical Technology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
osipahigil@marmara.edu.tr (mailto:osipahigil@marmara.edu.tr)

Pankaj DWIVEDI
Pharmaceutical and Administrative Sciences, The University of Health Science and Pharmacy in St. Louis, USA
dwivedipank@gmail.com (mailto:dwivedipank@gmail.com)

Rezarta SHKRELI
Department of Pharmacy, Faculty of Medical Sciences, Aldent University, Tirana, Albania
rezarta.shkreli@ual.edu.al (mailto:rezarta.shkreli@ual.edu.al)

Renuka KHATIK
Washington University in St. Louis, USA
renukadops@gmail.com (mailto:renukadops@gmail.com)

Rukiye SEVİNÇ ÖZAKAR
Department of Pharmaceutical Technology, Faculty of Pharmacy, Atatürk University, Erzurum, Türkiye
rukiyeso@atauni.edu.tr (mailto:rukiyeso@atauni.edu.tr)

Saeideh SOLTANI
Novel Drug Research Center, School of Pharmacy and Pharmaceutical Sciences, Isfahan University of Medical Sciences, Isfahan, Iran
soltanisa@pharm.mui.ac.ir (mailto:soltanisa@pharm.mui.ac.ir)

 

Pharmacology & Toxicology

Ana V. PEJČİĆ
Department of Pharmacology and Toxicology, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia
anapejcic201502@yahoo.com (mailto:anapejcic201502@yahoo.com)

Ayfer BECEREN
Department of Pharmaceutical Toxicology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
ayfer.tozan@marmara.edu.tr (mailto:ayfer.tozan@marmara.edu.tr)

Ayşenur GÜNAYDIN AKYILDIZ
Department of Pharmaceutical Toxicology, Faculty of Pharmacy, Bezmialem Vakıf University, Istanbul, Türkiye

gunaydinaysenur@gmail.com (mailto:gunaydinaysenur@gmail.com)

Ayça TOPRAK SEMİZ
Vocational School of Health Services, Giresun University, Giresun, Türkiye

ayca.toprak@giresun.edu.tr (mailto:ayca.toprak@giresun.edu.tr)

Büşra ERTAŞ
Department of Pharmacology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
busra.ertas@marmara.edu.tr (mailto:busra.ertas@marmara.edu.tr)

Fatiha MISSOUN
Laboratory of Pharmacognosy and Api-Phytotherapy, University of Mostaganem, Mostaganem, Algeria
fatiha.missoun@univ-mosta.dz (mailto:fatiha.missoun@univ-mosta.dz)

Klodiola DHAMO
Faculty of Technical Medical Sciences, Aldent University, Tirana, Albania
klodiola.dhamo@ual.edu.al (mailto:klodiola.dhamo@ual.edu.al)

Merve KABASAKAL
Department of Medical Pharmacology, Faculty of Medicine, University of Health Sciences, Istanbul, Türkiye
merve.kabasakal@sbu.edu.tr (mailto:merve.kabasakal@sbu.edu.tr)

Nurdan TEKİN
Department of Medical Pharmacology, Faculty of Medicine, University of Health Sciences, Istanbul, Türkiye
nurdan.tekin@sbu.edu.tr (mailto:nurdan.tekin@sbu.edu.tr)

Rümeysa KELEŞ KAYA
Department of Medical Pharmacology, Faculty of Medicine, Sakarya University, Sakarya, Türkiye
rumeysakeles@sakarya.edu.tr (mailto:rumeysakeles@sakarya.edu.tr)

Ünzile YAMAN
Department of Pharmaceutical Toxicology, Faculty of Pharmacy, Katip Çelebi University, İzmir, Türkiye
unzileyaman@gmail.com (mailto:unzileyaman@gmail.com)

Zarife Nigar ÖZDEMİR KUMRAL
Department of Physiology, Faculty of Medicine, Marmara University, Istanbul, Türkiye
znozdemir@marmara.edu.tr (mailto:znozdemir@marmara.edu.tr)

mailto:osipahigil@marmara.edu.tr
mailto:dwivedipank@gmail.com
mailto:rezarta.shkreli@ual.edu.al
mailto:renukadops@gmail.com
mailto:rukiyeso@atauni.edu.tr
mailto:soltanisa@pharm.mui.ac.ir
mailto:anapejcic201502@yahoo.com
mailto:ayfer.tozan@marmara.edu.tr
mailto:gunaydinaysenur@gmail.com
mailto:ayca.toprak@giresun.edu.tr
mailto:busra.ertas@marmara.edu.tr
mailto:fatiha.missoun@univ-mosta.dz
mailto:klodiola.dhamo@ual.edu.al
mailto:merve.kabasakal@sbu.edu.tr
mailto:nurdan.tekin@sbu.edu.tr
mailto:rumeysakeles@sakarya.edu.tr
mailto:unzileyaman@gmail.com
mailto:znozdemir@marmara.edu.tr


Home (https://jrespharm.com/)

Aims and Scope (static.php?id=1)

Editorial Board (static.php?id=2)

Advisory Board (content.php?id=82)

Table of Contents (static.php?id=4)

Author Guidelines (static.php?id=7)

Abstracting / Indexing (static.php?id=9)

Contact (static.php?id=8)

Zeina ALTHANOON
Department of Pharmacology and Toxicology, College of Pharmacy, Mosul University, Mosul, Iraq
dr.zeina@uomosul.edu.iq (mailto:dr.zeina@uomosul.edu.iq)

Copy Editor
Ayşe Nur HAZAR YAVUZ
Department of Pharmacology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
ayse.hazar@marmara.edu.tr (mailto:ayse.hazar@marmara.edu.tr)

Büşra ERGEN
Department of Clinical Pharmacy, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
busra.ergen@marmara.edu.tr (mailto:busra.ergen@marmara.edu.tr)

Elif Beyzanur POLAT
Department of Pharmacology, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
elif.beyzanur@marmara.edu.tr (mailto:elif.beyzanur@marmara.edu.tr)

Fatih Taha ÇİFTÇİ
Department of Clinical Pharmacy, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
fatih.ciftci@marmara.edu.tr (mailto:fatih.ciftci@marmara.edu.tr)

Müzeyyen AKSOY
Department of Clinical Pharmacy, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
muzeyyen.aksoy@marmara.edu.tr (mailto:muzeyyen.aksoy@marmara.edu.tr)

Ömer Faruk ÖZKANLI
Department of Clinical Pharmacy, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
oozkanli@marmara.edu.tr (mailto:oozkanli@marmara.edu.tr)

Sinan SERMET
Istinye University Faculty of Medicine, Department of Clinical Sciences and Department of Pharmacology and Clinical Pharmacology, Istanbul, Türkiye
sinan.sermet@istinye.edu.tr (mailto:sinan.sermet@istinye.edu.tr)

Şeyma GÖZELİZMİR
Department of Clinical Pharmacy, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
seyma.gozelizmir@marmara.edu.tr (mailto:seyma.gozelizmir@marmara.edu.tr)

Yeliz ŞAHİN
Department of Clinical Pharmacy, Faculty of Pharmacy, Marmara University, Istanbul, Türkiye
yeliz.sahin@marmara.edu.tr (mailto:yeliz.sahin@marmara.edu.tr)

Language Editor
Khadija ALJESRI
Department of Pharmacology, Institute of Health Sciences, Marmara University, Istanbul, Türkiye

Biostatistics Editor
Gülnaz NURAL BEKİROĞLU
Department of Bioistatistics, Faculty of Medicine, Marmara University, Istanbul, Türkiye
nural@marmara.edu.tr (mailto:nural@marmara.edu.tr)

Marmara University

https://jrespharm.com/
https://jrespharm.com/static.php?id=1
https://jrespharm.com/static.php?id=2
https://jrespharm.com/content.php?id=82
https://jrespharm.com/static.php?id=4
https://jrespharm.com/static.php?id=7
https://jrespharm.com/static.php?id=9
https://jrespharm.com/static.php?id=8
mailto:dr.zeina@uomosul.edu.iq
mailto:ayse.hazar@marmara.edu.tr
mailto:busra.ergen@marmara.edu.tr
mailto:elif.beyzanur@marmara.edu.tr
mailto:fatih.ciftci@marmara.edu.tr
mailto:muzeyyen.aksoy@marmara.edu.tr
mailto:oozkanli@marmara.edu.tr
mailto:sinan.sermet@istinye.edu.tr
mailto:seyma.gozelizmir@marmara.edu.tr
mailto:yeliz.sahin@marmara.edu.tr
mailto:nural@marmara.edu.tr


(https://jrespharm.com/)

Journal of Research in Pharmacy
An international open-access journal of pharmacy and pharmaceutical sciences

Formerly published as Marmara Pharmaceutical Journal

ISSN : 2630-6344

Current Issue (https://jrespharm.com/content.php?id=82)

Articles in Press (https://jrespharm.com/content.php?id=46)

Archive (https://jrespharm.com/archive.php)

Search (https://jrespharm.com/search.php)

Author Benefits (https://jrespharm.com/static.php?id=11)

Editor-in-Chief

Hatice Kübra Elçioğlu

Vice Editors

Levent Kabasakal

Esra Tatar

Online ISSN

2630-6344

Publisher

Marmara University

Frequency

Bimonthly (Six issues / year)

Abbreviation

J.Res.Pharm.

Former Name

Marmara Pharmaceutical Journal

Journal of Research in Pharmacy 2022 , Vol 26 , Issue 2

Other Issues :  Previous (content.php?id=74)  Next  (content.php?id=76) 

Issue XML (issue-xml.php?id=75)

 Review Article (1)

 Research Article (18)




Review Article

Clear  View Selected Abstracts

 The involvement of miRNAs in CYP450 gene expression: A brief review of the literature (abstract.php?id=1018) Review Article
Pages 243-254
Tuğba TEZCAN,Selin ÖZKAN-KOTİLOĞLU,Dilek KAYA-AKYÜZLÜ

DOI : 10.29228/jrp.122

Abstract (abstract.php?lang=en&id=1018)

Full Text PDF (pdf.php?&id=1018)

https://jrespharm.com/
https://jrespharm.com/content.php?id=82
https://jrespharm.com/content.php?id=46
https://jrespharm.com/archive.php
https://jrespharm.com/search.php
https://jrespharm.com/static.php?id=11
https://jrespharm.com/content.php?id=74
https://jrespharm.com/content.php?id=76
https://jrespharm.com/issue-xml.php?id=75
https://jrespharm.com/abstract.php?id=1018
https://jrespharm.com/abstract.php?lang=en&id=1018
https://jrespharm.com/pdf.php?&id=1018
lenovo
Highlight



Similar Articles (similar.php?&id=1018)

 E-mail to Author (mailto:kaya@ankara.edu.tr)

How to Cite (ajax_handler.php?id=1018)

Research Article

Clear  View Selected Abstracts

 Biological activities of three Phlomis species (abstract.php?id=1008) Research Article
Pages 255-262
Nuraniye ERUYGUR,Damla KIRCI,Fatma AYAZ,Süleyman DOĞU,Yavuz BAĞCI

DOI : 10.29228/jrp.123

 Investigation of total phenolic and flavonoid content of Salvia willeana (Holmboe) Hedge, an endemic plant of Cyprus, and screening of its

antioxidant and cholinesterase inhibitory properties (abstract.php?id=1019) Research Article
Pages 263-271
Tugba ERCETIN,Maryam SAFAEI,Hayrettin Ozan GULCAN

DOI : 10.29228/jrp.124

 Nuclear receptor agonist activity studies on some Plantago species and Scutellaria salviifolia Benth.: A particular focus on liver x receptor alpha

and retinoid x receptor alpha connected with the inflammation process (abstract.php?id=1020) Research Article
Pages 272-278
Vahap Murat KUTLUAY,Yasin GENC,Zeynep DOGAN,Makoto INOUE,Iclal SARACOGLU

DOI : 10.29228/jrp.125

Abstract (abstract.php?lang=en&id=1008)

Full Text PDF (pdf.php?&id=1008)

Similar Articles (similar.php?&id=1008)

 E-mail to Author (mailto:neruygur@gmail.com)

How to Cite (ajax_handler.php?id=1008)

Abstract (abstract.php?lang=en&id=1019)

Full Text PDF (pdf.php?&id=1019)

Similar Articles (similar.php?&id=1019)

 E-mail to Author (mailto:tugba.ercetin@emu.edu.tr)

How to Cite (ajax_handler.php?id=1019)

Abstract (abstract.php?lang=en&id=1020)

Full Text PDF (pdf.php?&id=1020)

Similar Articles (similar.php?&id=1020)

https://jrespharm.com/similar.php?&id=1018
mailto:kaya@ankara.edu.tr
https://jrespharm.com/ajax_handler.php?id=1018
https://jrespharm.com/abstract.php?id=1008
https://jrespharm.com/abstract.php?id=1019
https://jrespharm.com/abstract.php?id=1020
https://jrespharm.com/abstract.php?lang=en&id=1008
https://jrespharm.com/pdf.php?&id=1008
https://jrespharm.com/similar.php?&id=1008
mailto:neruygur@gmail.com
https://jrespharm.com/ajax_handler.php?id=1008
https://jrespharm.com/abstract.php?lang=en&id=1019
https://jrespharm.com/pdf.php?&id=1019
https://jrespharm.com/similar.php?&id=1019
mailto:tugba.ercetin@emu.edu.tr
https://jrespharm.com/ajax_handler.php?id=1019
https://jrespharm.com/abstract.php?lang=en&id=1020
https://jrespharm.com/pdf.php?&id=1020
https://jrespharm.com/similar.php?&id=1020


 In vitro acetylcholinesterase inhibitory activities of fractions and iso-agelasine C isolated from the marine sponge Agelas nakamurai (abstract.php?

id=1011) Research Article
Pages 279-286
Andhika Dwi ARISTYAWAN,Valentika Fitria SETYANINGTYAS,Tutik Sri WAHYUNI,Aty WIDYAWARUYANTİ,Kornkanok INGKANINAN,Suciati SUCIATI

DOI : 10.29228/jrp.126

 Chemical profile by LC-Q-TOF-MS of Nigella sativa seed extracts and in vitro antimicrobial activity on bacteria which are determined resistance

gene and isolated from nosocomial infection (abstract.php?id=1016) Research Article
Pages 287-297
Hüseyin SERVİ,Özgül KISA,Ayhan Ibrahim AYSAL,Gonca ERKÖSE GENÇ,Dilek ŞATANA

DOI : 10.29228/jrp.127

 Sodium-glucose co-transporter inhibitor dapagliflozin attenuates cognitive deficits in sporadic Alzheimer’s rat model (abstract.php?id=1021)

Research Article
Pages 298-310
Ayse Nur HAZAR-YAVUZ,Sila YILDIZ,Rumeysa KELES KAYA,Muhammet Emin CAM,Levent KABASAKAL

DOI : 10.29228/jrp.128

 E-mail to Author (mailto:muratkutluay@hacettepe.edu.tr.)

How to Cite (ajax_handler.php?id=1020)

Abstract (abstract.php?lang=en&id=1011)

Full Text PDF (pdf.php?&id=1011)

Similar Articles (similar.php?&id=1011)

 E-mail to Author (mailto:suciati@ff.unair.ac.id)

How to Cite (ajax_handler.php?id=1011)

Abstract (abstract.php?lang=en&id=1016)

Full Text PDF (pdf.php?&id=1016)

Similar Articles (similar.php?&id=1016)

 E-mail to Author (mailto:servi@hotmail.com.tr)

How to Cite (ajax_handler.php?id=1016)

Abstract (abstract.php?lang=en&id=1021)

Full Text PDF (pdf.php?&id=1021)

Similar Articles (similar.php?&id=1021)

 E-mail to Author (mailto:ayse.hazar@marmara.edu.tr)

How to Cite (ajax_handler.php?id=1021)

https://jrespharm.com/abstract.php?id=1011
https://jrespharm.com/abstract.php?id=1016
https://jrespharm.com/abstract.php?id=1021
mailto:muratkutluay@hacettepe.edu.tr.
https://jrespharm.com/ajax_handler.php?id=1020
https://jrespharm.com/abstract.php?lang=en&id=1011
https://jrespharm.com/pdf.php?&id=1011
https://jrespharm.com/similar.php?&id=1011
mailto:suciati@ff.unair.ac.id
https://jrespharm.com/ajax_handler.php?id=1011
https://jrespharm.com/abstract.php?lang=en&id=1016
https://jrespharm.com/pdf.php?&id=1016
https://jrespharm.com/similar.php?&id=1016
mailto:servi@hotmail.com.tr
https://jrespharm.com/ajax_handler.php?id=1016
https://jrespharm.com/abstract.php?lang=en&id=1021
https://jrespharm.com/pdf.php?&id=1021
https://jrespharm.com/similar.php?&id=1021
mailto:ayse.hazar@marmara.edu.tr
https://jrespharm.com/ajax_handler.php?id=1021
lenovo
Highlight

lenovo
Highlight



 Platanus orientalis (Plane Tree) Extract Protects Against Hyperoxaluria Induced Kidney Damage (abstract.php?id=1013) Research Article
Pages 311-324
Betül AYAZ ADAKUL,Ali ŞEN,T. Emre ŞENER,Ömer ERDOĞAN,Özge ÇEVİK,Pınar EKER,Şule ÇETİNEL,Furkan BÖLÜKBAŞI,İsmail ŞENKARDEŞ,Büşra ERTAŞ,Göksel ŞENER

DOI : 10.29228/jrp.129

 The protective effects of vitamin D3 on histopathology of pancreas and liver in streptozotocin-induced diabetic rats (abstract.php?id=1022) Research
Article
Pages 325-333
Asija ZAČIRAGIĆ,Višnja MUZIKA,Amina VALJEVAC,Amela DERVIŠEVIĆ,Maja MITRAŠINOVIĆ-BRULIĆ,Muhamed FOČAK,Esad ĆOSOVIĆ,Selma ALIČELEBIĆ,Samra ČUSTOVIĆ,Damir SULJEVIĆ

DOI : 10.29228/jrp.130

 Evaluation of herb-drug interaction of Withania somnifera with anti-rheumatic drugs through high-throughput screening (abstract.php?id=1023)

Research Article
Pages 334-344
Satyajyoti KANJILAL,Ashok Kumar GUPTA,Ranjana PATNAİK,Amitabha DEY,Satyabrata MOHAPATRA

DOI : 10.29228/jrp.131

 Anti-tumor effect of memantine, an N-methyl-D-aspartate receptor antagonist, against DMH-induced colon cancer in rats (abstract.php?id=1024)

Research Article
Pages 345-353
Kosar JANNESAR,Parisa EFTEKHARİ,Masoumeh POURJABALİ,Naser MASOUDİ,Hamid SORAYA

DOI : 10.29228/jrp.132

Abstract (abstract.php?lang=en&id=1013)

Full Text PDF (pdf.php?&id=1013)

Similar Articles (similar.php?&id=1013)

 E-mail to Author (mailto:goksel.sener@fbu.edu.tr)

How to Cite (ajax_handler.php?id=1013)

Abstract (abstract.php?lang=en&id=1022)

Full Text PDF (pdf.php?&id=1022)

Similar Articles (similar.php?&id=1022)

 E-mail to Author (mailto:suljevic.damir@gmail.com)

How to Cite (ajax_handler.php?id=1022)

Abstract (abstract.php?lang=en&id=1023)

Full Text PDF (pdf.php?&id=1023)

Similar Articles (similar.php?&id=1023)

 E-mail to Author (mailto:ksatyajyoti@gmail.com)

How to Cite (ajax_handler.php?id=1023)

Abstract (abstract.php?lang=en&id=1024)

https://jrespharm.com/abstract.php?id=1013
https://jrespharm.com/abstract.php?id=1022
https://jrespharm.com/abstract.php?id=1023
https://jrespharm.com/abstract.php?id=1024
https://jrespharm.com/abstract.php?lang=en&id=1013
https://jrespharm.com/pdf.php?&id=1013
https://jrespharm.com/similar.php?&id=1013
mailto:goksel.sener@fbu.edu.tr
https://jrespharm.com/ajax_handler.php?id=1013
https://jrespharm.com/abstract.php?lang=en&id=1022
https://jrespharm.com/pdf.php?&id=1022
https://jrespharm.com/similar.php?&id=1022
mailto:suljevic.damir@gmail.com
https://jrespharm.com/ajax_handler.php?id=1022
https://jrespharm.com/abstract.php?lang=en&id=1023
https://jrespharm.com/pdf.php?&id=1023
https://jrespharm.com/similar.php?&id=1023
mailto:ksatyajyoti@gmail.com
https://jrespharm.com/ajax_handler.php?id=1023
https://jrespharm.com/abstract.php?lang=en&id=1024


 Eugenol aggravates UVA-induced cytotoxic and genotoxic response in HaCaT human keratinocytes (abstract.php?id=1017) Research Article
Pages 354-361
Ayse Tarbin JANNUZZI

DOI : 10.29228/jrp.133

 Downregulation of aromatase by siRNA decreases acetylcholinesterase mRNA and specific activity in SH-SY5Y cells (abstract.php?id=1025)

Research Article
Pages 362-369
Tuba TÜYLÜ KÜÇÜKKILINÇ

DOI : 10.29228/jrp.134

 Preparation and optimization of berberine phospholipid complexes using QbD approach and in vivo evaluation for anti-inflammatory, analgesic

and antipyretic activity (abstract.php?id=1026) Research Article
Pages 370-382
Ayça GÜNGÖR-AK,Esra KÜPELİ-AKKOL,Buket AKSU,Ayşegül KARATAŞ

DOI : 10.29228/jrp.135

Full Text PDF (pdf.php?&id=1024)

Similar Articles (similar.php?&id=1024)

 E-mail to Author (mailto:dr.nasmasoudi@gmail.com)

How to Cite (ajax_handler.php?id=1024)

Abstract (abstract.php?lang=en&id=1017)

Full Text PDF (pdf.php?&id=1017)

Similar Articles (similar.php?&id=1017)

 E-mail to Author (mailto:tarbin.cevik@istanbul.edu.tr)

How to Cite (ajax_handler.php?id=1017)

Abstract (abstract.php?lang=en&id=1025)

Full Text PDF (pdf.php?&id=1025)

Similar Articles (similar.php?&id=1025)

 E-mail to Author (mailto:ttuylu@hacettepe.edu.tr)

How to Cite (ajax_handler.php?id=1025)

Abstract (abstract.php?lang=en&id=1026)

Full Text PDF (pdf.php?&id=1026)

Similar Articles (similar.php?&id=1026)

 E-mail to Author (mailto:akaratas@pharmacy.ankara.edu.tr)

https://jrespharm.com/abstract.php?id=1017
https://jrespharm.com/abstract.php?id=1025
https://jrespharm.com/abstract.php?id=1026
https://jrespharm.com/pdf.php?&id=1024
https://jrespharm.com/similar.php?&id=1024
mailto:dr.nasmasoudi@gmail.com
https://jrespharm.com/ajax_handler.php?id=1024
https://jrespharm.com/abstract.php?lang=en&id=1017
https://jrespharm.com/pdf.php?&id=1017
https://jrespharm.com/similar.php?&id=1017
mailto:tarbin.cevik@istanbul.edu.tr
https://jrespharm.com/ajax_handler.php?id=1017
https://jrespharm.com/abstract.php?lang=en&id=1025
https://jrespharm.com/pdf.php?&id=1025
https://jrespharm.com/similar.php?&id=1025
mailto:ttuylu@hacettepe.edu.tr
https://jrespharm.com/ajax_handler.php?id=1025
https://jrespharm.com/abstract.php?lang=en&id=1026
https://jrespharm.com/pdf.php?&id=1026
https://jrespharm.com/similar.php?&id=1026
mailto:akaratas@pharmacy.ankara.edu.tr


 Formulation and characterization of mometasone furoate and formoterol fumarate containing dry powder inhaler by spray drying and

homogenization methods (abstract.php?id=1015) Research Article
Pages 383-396
Yagmur AKDAG,Tugba GULSUN,Nihan IZAT,Levent ONER,Selma SAHIN

DOI : 10.29228/jrp.136

 Pre-study on radiolabeling of colistin with Lutetium-177 to develop theranostic infection agent (abstract.php?id=1014) Research Article
Pages 397-407
Merve KARPUZ,Emre OZGENC,Evren ATLIHAN-GUNDOGDU, Zeynep BURAK

DOI : 10.29228/jrp.137

 Synthesis and study of the effect of 3-substituted chromone derivatives on changes in the activity of mitochondrial complex III under experimental

cerebral ischemia (abstract.php?id=1027) Research Article
Pages 408-420
Viktoriya RUKOVITSINA,Eduard OGANESYAN,Dmitry POZDNYAKOV

DOI : 10.29228/jrp.138

 RP-HPLC method development and validation for quantification of letrozole solid lipid nanoparticle (abstract.php?id=1028) Research Article
Pages 421-430
Sowmya PRIYADARSINI,Swaroop Rameshwarji LAHOTI

How to Cite (ajax_handler.php?id=1026)

Abstract (abstract.php?lang=en&id=1015)

Full Text PDF (pdf.php?&id=1015)

Similar Articles (similar.php?&id=1015)

 E-mail to Author (mailto:sahin.selma@gmail.com)

How to Cite (ajax_handler.php?id=1015)

Abstract (abstract.php?lang=en&id=1014)

Full Text PDF (pdf.php?&id=1014)

Similar Articles (similar.php?&id=1014)

 E-mail to Author (mailto:merve.karpuz@ikcu.edu.tr)

How to Cite (ajax_handler.php?id=1014)

Abstract (abstract.php?lang=en&id=1027)

Full Text PDF (pdf.php?&id=1027)

Similar Articles (similar.php?&id=1027)

 E-mail to Author (mailto:pozdniackow.dmitry@yandex.ru)

How to Cite (ajax_handler.php?id=1027)

https://jrespharm.com/abstract.php?id=1015
https://jrespharm.com/abstract.php?id=1014
https://jrespharm.com/abstract.php?id=1027
https://jrespharm.com/abstract.php?id=1028
https://jrespharm.com/ajax_handler.php?id=1026
https://jrespharm.com/abstract.php?lang=en&id=1015
https://jrespharm.com/pdf.php?&id=1015
https://jrespharm.com/similar.php?&id=1015
mailto:sahin.selma@gmail.com
https://jrespharm.com/ajax_handler.php?id=1015
https://jrespharm.com/abstract.php?lang=en&id=1014
https://jrespharm.com/pdf.php?&id=1014
https://jrespharm.com/similar.php?&id=1014
mailto:merve.karpuz@ikcu.edu.tr
https://jrespharm.com/ajax_handler.php?id=1014
https://jrespharm.com/abstract.php?lang=en&id=1027
https://jrespharm.com/pdf.php?&id=1027
https://jrespharm.com/similar.php?&id=1027
mailto:pozdniackow.dmitry@yandex.ru
https://jrespharm.com/ajax_handler.php?id=1027


Home (https://jrespharm.com/)

Aims and Scope (static.php?id=1)

Editorial Board (static.php?id=2)

Advisory Board (content.php?id=82)

Table of Contents (static.php?id=4)

Author Guidelines (static.php?id=7)

Abstracting / Indexing (static.php?id=9)

Contact (static.php?id=8)

DOI : 10.29228/jrp.139

 Development of validation of a rapid and simple analytical separation method for anticancer alkylating agents using application of total error

concept (abstract.php?id=1029) Research Article
Pages 431-443
Islam SOFIQUL,Vedigounder MURUGAN

DOI : 10.29228/jrp.140

Abstract (abstract.php?lang=en&id=1028)

Full Text PDF (pdf.php?&id=1028)

Similar Articles (similar.php?&id=1028)

 E-mail to Author (mailto:sowmya639@rediffmail.com)

How to Cite (ajax_handler.php?id=1028)

Abstract (abstract.php?lang=en&id=1029)

Full Text PDF (pdf.php?&id=1029)

Similar Articles (similar.php?&id=1029)

 E-mail to Author (mailto:Sofi59964@gmail.com)

How to Cite (ajax_handler.php?id=1029)

Marmara University

https://jrespharm.com/
https://jrespharm.com/static.php?id=1
https://jrespharm.com/static.php?id=2
https://jrespharm.com/content.php?id=82
https://jrespharm.com/static.php?id=4
https://jrespharm.com/static.php?id=7
https://jrespharm.com/static.php?id=9
https://jrespharm.com/static.php?id=8
https://jrespharm.com/abstract.php?id=1029
https://jrespharm.com/abstract.php?lang=en&id=1028
https://jrespharm.com/pdf.php?&id=1028
https://jrespharm.com/similar.php?&id=1028
mailto:sowmya639@rediffmail.com
https://jrespharm.com/ajax_handler.php?id=1028
https://jrespharm.com/abstract.php?lang=en&id=1029
https://jrespharm.com/pdf.php?&id=1029
https://jrespharm.com/similar.php?&id=1029
mailto:Sofi59964@gmail.com
https://jrespharm.com/ajax_handler.php?id=1029


 

 

Journal of  

Research in Pharmacy 

 Research Article 

 www.jrespharm.com 

 

 
How to cite this article: Aristyawan AD, Setyaningtyas VF, Wahyuni TS, Widyawaruyanti A, Ingkaninan K, Suciati. In vitro acetylcholinesterase 
inhibitory activities of fractions and iso-agelasine C isolated from the marine sponge Agelas nakamurai. J Res Pharm. 2022; 26(2): 279-286. 
© 2022 Marmara University Press 
ISSN: 2630-6344 

http://dx.doi.org/10.29228/jrp.126 

279 

  
In vitro acetylcholinesterase inhibitory activities of 
fractions and iso-agelasine C isolated from the marine 
sponge Agelas nakamurai 
 
Andhika Dwi ARISTYAWAN1  , Valentika Fitria SETYANINGTYAS2 , Tutik Sri WAHYUNI2,3  , 

Aty WIDYAWARUYANTİ2,3  , Kornkanok INGKANINAN4  , Suciati SUCIATI2,3 *  

 
1  Master Program in Pharmaceutical Science, Faculty of Pharmacy, Universitas Airlangga, Surabaya, 60115, East Java, 

Indonesia. 
2  Department of Pharmaceutical Sciences, Faculty of Pharmacy, Universitas Airlangga, Surabaya, 60115, East Java, 

Indonesia. 
3  Center for Natural Product Medicine Research and Development, Institute of Tropical Diseases, Universitas 

Airlangga, Surabaya, 60115, East Java, Indonesia. 
4 Bioscreening Unit, Department of Pharmaceutical Chemistry and Pharmacognosy, Faculty of Pharmaceutical 

Sciences and Center of Excellence for Innovation in Chemistry, Naresuan University, Phitsanulok, Thailand  
 

* Corresponding Author. E-mail: suciati@ff.unair.ac.id (S.); Tel. +62-31-5933150 

Received: 30 August 2021 / Revised: 15 December 2021 / Accepted: 19 December 2021 

ABSTRACT: The marine sponges with their unique and wide range of biodiversity, producing unusual metabolites 

emerge as a good candidate for new therapeutic agents, including as acetylcholinesterase (AChE) inhibitor.  The aims 

of this study are to evaluate the potency of fractions and isolated compound from Agelas nakamurai as AChE inhibitor, 

as well as to determine the structure of the isolated compound. The bioassay-guided isolation protocol was carried 

out in this study. The AChE inhibitory assay was carried out based on the modified Ellman’s method. The structure 

of the isolated compound was determined by NMR spectroscopy and mass spectrometry. A diterpene alkaloid was 

isolated from the active fraction of A. nakamurai. This compound exhibited a molecular ion at m/z 422.3280 [M]+ in 

mass spectrometry. The UV profile of the isolated compound showed a strong peak at 269 nm, and the specific 

rotation value is [α]20D +28,0 (MeOH, c 0.25).  These data together with the 1H and 13C NMR spectroscopy data are 

similar to that reported for iso-agelasine C. The isolated iso-agelasine C gave moderate inhibition against AChE 

enzyme with an IC50 value of 30.68 ± 0.92 µg/mL, which was lower compared to the extract and fractions. The 

stronger AChE inhibitory activity in the extract and fractions is possibly due to the synergistic activity of compounds 

present in the extract and fractions of A. nakamurai. Iso-agelasine C could serve as a lead for the development of 

diterpene alkaloid as an AChE inhibitor.  

KEYWORDS: Alzheimer’s disease; acetylcholinesterase inhibitor; marine sponge; Agelas nakamurai; iso-agelasine C. 

 1.  INTRODUCTION 

Alzheimer’s disease (AD) is a disease that causes degeneration of the cells in the brain and accounted 
for 60-80% of dementia cases in the world. AD is highly prioritized by WHO in its World Mental Health Gap 
program. From 2000 to 2018, it was reported that there was a 146.2% increase in mortality due to Alzheimer's 
disease [1]. The number of AD patients increases as the population of elderly people grows. It was predicted 
that there is a new case of Alzheimer’s every 33 seconds [1,2]. Although the pathogenesis of AD is complicated 
and not fully established, two major hypotheses namely amyloid cascade and cholinergic are currently under 
consideration regarding the molecular mechanism. Acetylcholine (ACh) is a neurotransmitter that plays an 
essential role in cognitive function and memory loss [3,4]. In AD patients, there is ACh deficiency due to 
neuronal loss in the brain. One of the strategies to increase the amount of ACh in the brain is by inhibiting the 
acetylcholinesterase (AChE) enzyme. The principal role of AChE inhibitor is to prevent rapid hydrolysis of 
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ACh to choline and ethanoic acid in the synapses [5]. Therefore, AChE inhibitor is one of the therapeutic 
strategies in Alzheimer’s disease treatment.  

Currently, there are three AChE inhibitors approved by the FDA to be used for the symptomatic 
treatment of AD, namely donepezil, rivastigmine, and galantamine. The use of AChE inhibitors appears to be 
beneficial for the treatment of mild to moderate AD patients. There is improvement in the behavioral and 
psychiatric symptoms [3]. Donepezil is a synthetic compound, while rivastigmine is a derivative developed 
from the natural compound physostigmine [6], whereas galantamine is an alkaloid derived from several plants 
from the Amaryllidaceae family, such as Galanthus spp., Leucojum spp., and Narcissus sp. [7,8]. Most of the 
natural AChE inhibitors reported to date belong to the alkaloid group, although there are other classes of 
compounds that have also been reported as AChE inhibitors [9,10].  

The oceans with their unique and wide range of biodiversity emerge as a potential source of unusual 
metabolites and serve as a good candidate for new therapeutic agents, including AChE inhibitors [5]. Marine 
sponges from the genus Agelas (class Demospongiae, order Agelasida, family Agelasidae) represent rich 
structure diversities with promising biological activities such as alkaloids, terpenoids, meroterpenoids, 
carotenoids, glycosphingolipids, and fatty acids [11]. In the previous study, we have investigated the potency 
of fifteen marine sponges collected from Indonesian water as acetylcholinesterase inhibitors [12]. The results 
showed that the methanolic extract of Agelas nakamurai showed strong inhibition against AChE with an IC50 
value of 1.05 g/mL. The objectives of the current study are to isolate the active compound in A. nakamurai as 
an AChE inhibitor by using a bioassay-guided isolation technique as well as to determine the structure of the 
isolated compound. 

2. RESULTS and DISCUSSION 

2.1. Fractionation and AChE inhibitory assay of fractions 

The methanolic extract was fractionated by a liquid-liquid partition with n-hexane, ethyl acetate, and 
n-butanol. The fractions obtained were then subjected to the AChE inhibitory assay. The results as can be seen 
in Figure 1 showed that the ethyl acetate and the n-butanol fractions gave 85.1% and 92.4% inhibition, 
respectively, whereas the n-hexane fraction was relatively inactive with inhibition of less than 10%. 
Considering the weight of the samples, further fractionation was conducted on the ethyl acetate fraction.   
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Figure 1. Inhibition of n-hexane, ethyl acetate, n-butanol fractions (100 µg/mL), and galantamine ( 36.8 

µg/mL) against AChE  
 
Vacuum liquid chromatography was employed for fractionation of the ethyl acetate fraction by using 

a combination of dichloromethane and methanol in order of increasing polarity to obtain 11 fractions. These 
were then subjected to the AChE inhibitory screening. The results are presented in Figure 2 which showed 
that 5 fractions, namely VLC 2 - VLC 6 gave strong activity with 56%-80% inhibition at 100 µg/mL against 
AChE, whereas the other fractions showed less than 20% inhibition. To further investigate the potency of the 
fractions, the IC50 values were determined for fractions VLC 2 – VLC 6.   The results as can be seen in Table 1 
indicated that fractions VLC 2 and VLC 3 had better AChE inhibitory activity compared to the other fractions 
with IC50 values of 5.31 µg/mL and 3.84 µg/mL, respectively. A t-test analysis was carried out to determine 
whether the IC50 values of fractions VLC 2 and VLC 3 are statistically different. The result suggested that the 
IC50 values of VLC 2 and VLC 3 were not significantly different with a p value of 0.15. Therefore, further 
purification procedures were carried out on these two fractions. 
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Figure 2. Inhibitory activity of VLC fractions (100 µg/mL) and galantamine ( 36.8 µg/mL) against AChE  
 
Table 1. IC50 of selected VLC subfractions of A. nakamurai and galantamine against AChE  

Sample Weight (g) IC50 (µg/mL) 

Subfraction 2 0.3709 5.31 ± 0.22 
Subfraction 3 2.4139 3.84 ± 0.57 
Subfraction 4 0.4279 15.95 ± 0.99 
Subfraction 5 0.0193 30.81 ± 3.29 
Subfraction 6 0.0225 26.08 ± 1.99 
Galantamine - 0.45 ± 0.13 

Data presented as mean ± standard error of the mean (SEM) of three independent 
experiments, each done in triplicate 

 
2.2 Purification and identification of metabolite 

Purification of the fractions VLC 2 and VLC 3 were carried out by using HPLC with a C-18 
semipreparative column, employing gradient elution of acetonitrile and water containing 1% TFA. A major 
peak at retention time 44.107 min was collected (Figure 3) and obtained a white amorphous solid, then was 
subsequently subjected to structural analysis. The TLC analysis of the isolated compound yielded an orange 
spot with Dragendorff’s reagent, and a purplish red spot with an anisaldehyde-sulphuric acid spray reagent 
at the same retention factor (Rf) value. These results suggested the presence of a terpene alkaloid. The mass 
spectrum of the isolated compound exhibited a molecular ion at m/z [M]+ 422.3280, corresponding to the 
molecular formula C26H40N5. The 1H and 13C NMR data (Table 2) indicated the presence of 9-methyladenine 
moiety from aromatic signals at δH 9.54, δC 141.3 and δH 8.43, δC 156.0; one N-methyl at δH 3.85 (s), δC 32.0; and 
an amino group at δH 7.90. There are two alkenes observed at δH 5.38, δC 115.4, δC 147.2 and δH 5.29, δC 117.2, 
δC 146.1. The spectra also showed evidence for one methyl doublet at δH 0.80, δC 16.9, and four methyl singlets 
at δH 1.76, δC 17.3; δH 0.97, δC 23.5; δH 0.81, δC 28.3, and δH 0.82; δC 28.0. The presence of signals at δH 1.01-1.95 
range indicated a terpene moiety. These spectral features resembled iso-agelasine C (Figure 4), which was first 
reported in 2017 by Chu et al. from Agelas nakamurai collected from the South China Sea. The relative 
configuration of iso-agelasine C has been determined by NOESY experiments, ECD calculation as well as 
comparison with related congeners of iso-agelasine C [13]. The specific rotation of our compound was 

measured and obtained [𝛼]𝐷
20 = +28.0 (MeOH, c 0.25), comparable to the reported iso-agelasine C [𝛼]𝐷

20 = +22.1 
(MeOH, c 0.1) [13]. 
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Figure 3. HPLC profile of VLC 2 fraction showing isolated compound at 44.107 min (Detection UV 
254 nm) 

 
 

 
 

Figure 4. Structure of iso-agelasine C 
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Table 2. 1H- and 13C-NMR data of isolated compound 
(400 and 125 MHz, resp.) in DMSO-d6* 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*DMSO-d6 peak was referenced at 2.5 ppm for 1H NMR and 40 ppm for 13C NMR; 
coupling constant (J) are reported in Hz 

 
2.3. AChE inhibitory activity of the isolated compound 

The isolated compound demonstrated AChE inhibitory activity with an IC50 value of 30.68 ± 0.92 
µg/mL. This compound inhibited the AChE enzyme in a dose-dependent manner (Figure 5), and this was also 
applied for the fractions and extract of A. nakamurai. Based on this data it can be seen that the isolated 
compound gave lower activity compared to the fraction and extract of A. nakamurai. The higher inhibition 
against AChE in the fractions and extract may be attributed to the synergistic effect of iso-agelasine C with 
other compounds presents in the fractions and extract. 

Iso-agelasine C is a diterpene alkaloid with structural features consisting of a 8-epi- ent-halim-1(10)-
enes in the diterpene moiety and 9-methyladenine in the alkaloid moiety [14,15]. Halimane purine type of 
compounds have been reported from Agelasidae sponges, such as Agelas sp., Agelas mauritiana, and Agelas 
nakamurai [14,15].  Several bioactivities have been documented from halimane purines. Agelasine C isolated 
from Agelas sp. and Agelas citrina showed antifungal activity [16]. Epi-agelasine C obtained from A. mauritiana 
exhibited antifouling activity against Ulva conglobata [17]. A. nakamurai has been investigated cytotoxic and 
antimicrobial activities of iso-agelasine C together with other diterpene alkaloids. Iso-agelasine C 
demonstrated a weak cytotoxic activity against HCT-116, K562, and HL-60 cell lines. This compound also 
showed antimicrobial activity against Candida albicans and Proteusbacillus vulgaris [13]. To the best of our 
knowledge, this is the first report of iso-agelasine C as an AChE inhibitor. Although there is no report on the 
cholinesterase inhibitory activity of diterpene alkaloids from marine sources, several diterpene alkaloids 
isolated from plants such as heterophylline-A and heterophyllinine-B isolated from the root of Aconitum 
heterophyllum have shown selective inhibition against butyrylcholinesterase (BChE) compared to AChE [18]. 

Position δ ppm (H) δ ppm (C) 

1 5.29 (br. t, J = 3.8) 117.2 

2 1.95 (m) 23.3 

3 1.01; 1.33 (m) 31.3 

4 - 31.5 

5 1.54 (m) 43.6 

6 1.07; 1.74 (m) 30.3 

7 1.45; 1.50 (m) 31.5 

8 1.26 (m) 44.7 

9 - 42.7 

10 - 146.1 

11 1.04; 1.16 (m) 29.5 

12 1.76; 1.83 (m) 34.2 
13 - 147.2 

14 5.38 (t, J = 6.8) 115.4 

15 5.13 (br. d, J = 6.8) 47.6 

16 1.76 (s) 17.3 

17 0.80 (d, J = 6.8) 16.9 

18 0.81 (s) 28.3 

19 0.82 (s) 28.0 

20 0.97 (s) 23.5 

2’ 8.43 (s) 156.0 

4’ - 149.5 

5’ - 109.8 

6’ - 152.9 

8’ 9.54 (s) 141.3 

NH2-C(6’) 7.90 (br. s) - 

MeN-C(9’) 3.85 (s) 32.0 
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Investigation of the same plant resulted in the isolation of other diterpene alkaloids with promising 
cholinesterase inhibitory activities [19]. Focusing on the possible contribution of halimane moiety of iso-
agelasine C in the AChE inhibitory activity, a literature search showed that a halimane diterpenoid such as 
limbatolide B showed less AChE inhibition compared to clerodane diterpenoid limbatolide A [20]. Based on 
this finding, it can be suggested that modification of the structure of iso-agelasine C especially on the halimane 
moiety can be carried out to increase the potency of this compound as an AChE inhibitor. A study on enzyme 
selectivity can be carried out by comparing inhibition with BChE.   
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Figure 5. Dose-dependent response of iso-agelasine C against AChE 

 

3. CONCLUSION 

Bioassay-guided protocol applied to A. nakamurai led to the isolation of iso-agelasine C, which showed 
moderate inhibitory activity against the AChE enzyme. This compound could serve as a lead for the 
development of halimane alkaloid compounds as AChE inhibitors.  

4. MATERIALS AND METHODS 

4.1. Chemical and reagents 

All analytical grade solvents such as methanol, n-hexane, dichloromethane, and HPLC grade solvents 
acetonitrile and methanol were purchased from Merck. Silica gel 60 with 40-63 μm particle size, and TLC plates 
silica gel 60 F254, were also obtained from Merck.  

The reagent for the AChE assay i.e. acetylcholinesterase from electric eel (AChE type VI-S), 
acetylthiocholine iodide (ATCI), 5,5′-dithiobis[2-nitrobenzoic acid] (DTNB), bovine serum albumin, 
galantamine tris buffer, and tris-HCl were purchased from Sigma.  

4.2. Sponge collection  

Agelas nakamurai was collected from Tabuhan Island dive site, Banyuwangi, East Java, Indonesia using 
SCUBA at a depth of 10-20 m on 23 April 2017.  The sponge was frozen at -20°C until extraction. A voucher 
specimen (23-04-17-07) was made in 80% aqueous ethanol and deposited at the Institute of Tropical Diseases 
Universitas Airlangga.  Identification of the sponges was conducted by Dr. Tri Aryono Hadi of Research 
Center of Oceanography, Indonesian Institute of Sciences, Jakarta, Indonesia. 

4.3. General experimental procedures 

 HPLC was performed in Shimadzu LC-20AD UV-2200A. The 1H- and 13C-NMR spectra were recorded 
on JEOL NMR spectrometers operating at 400 MHz (100 MHz for 13C). The chemical shifts values are reported 
in ppm. The optical rotation was determined with an Autopol IV automatic polarimeter (Rudolp Research 
Analytical). HR-ESIMS were recorded on LC-MS instrument ACQUITY UPLC H-Class System (waters, USA) 
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fitted with Waters® C-18 column (1.8 µm, 2.1 x 100 mm) connected to HR-ESIMS Xevo G2-S QTOF (Waters, 
USA), and the data were analysed on Masslynx V4.1.  

4.4. Isolation procedures 

Sponge material was cut into small pieces, freeze-dried, and powdered. Dried sponge powder (77 g) 
was extracted with methanol (3 x 450 mL) by using the maceration method to obtain a crude methanolic extract 
(6.7 g). The extract was fractionated between aqueous methanol and n-hexane (150 mL), the n-hexane layer 
was collected, and the aqueous layer was further fractionated with ethyl acetate (200 mL), followed by 
fractionation with n-butanol (100 mL) using the same procedure. Fractionation with each solvent was 
conducted 3 times. Each of the fractions was then concentrated in a rotary evaporator, and yielded n-hexane 
(0.8 g), ethyl acetate (4.6 g), and n-butanol (0.7 g) fractions. The ethyl acetate fraction was subjected to vacuum 
liquid chromatography using silica gel 60 (particle size 40-63 μm) eluted with a combination of 
dichloromethane and methanol in order of increasing polarity to give 11 subfractions (VLC 1- VLC 11).  A 
portion of subfraction VLC 2 was further purified by HPLC using a semipreparative Waters® column 
(µBondapak C-18 7.8 x 300 mm). The sample was eluted with gradient elution of 70-100% acetonitrile in water 
containing 0.1% TFA for 30 min, then eluted with 100% methanol for 30 min, flow rate 1.5 mL/min, detection 
UV 254 nm. Four fractions were collected including a major peak at retention time (RT) 44 min (VLC 2.4). 
Repeated HPLC was carried out for VLC 2.4 using the same procedure as already described above to yield 
iso-agelasine C (19 mg). The same HPLC purification procedure was applied to fraction VLC 3 and yielded 
iso-agelasine C (26.3 mg) 

 

 Iso-Agelasine C was obtained as a white amorphous solid, [𝛼]𝐷
20 = +28.0 (MeOH, c 0.25), UV (MeOH) 

λmax 269 nm; HR-ESIMS m/z [M+H]+ 422.3280, C26H40N5 calcd. 422.3284, 1H and 13C-NMR see table 2. 
 
4.5. Microplate assay for AChE activity determination 

The assay was conducted based on the modified Ellman’s method [12,21-25]. Samples were prepared in 
methanol at a concentration of 10 mg/mL, and were diluted with water to obtain a 1 mg/mL concentration. 
Further dilution of samples in the microplate well to a final test concentration of 100 µg/mL.  Sample solutions 
(25 µL) were added to a 96-well microplate, followed by the addition of 25 µL ATCI (1.5 mM), 125 µL DTNB 
(3 mM), and finally 50 µL Tris buffer was added. The enzyme EeAChE 25 µL of 0.22 U/mL was then added. 
The solutions were shaken for 30 s in a microplate reader (Bio-Tek Instrument, USA) before measurement. The 
absorbance was measured at 405 nm every 5 s for 2 min.  Measurement of the absorbance was carried out 
before and after the addition of the enzyme. The absorbance after addition of the enzyme was subtracted with 
absorbance before addition of the enzyme, and was then used for calculation of the percentage of inhibition. 
Galantamine was used as a positive control, and 10% methanol was used as a control. For the measurement 
of IC50, serial concentrations of the samples (0.5 – 300 µg/mL) were prepared. Experiments were carried out 
three times, each done in triplicates. The percentage of enzyme inhibition was calculated by using the equation 
(Eq. 1) below:  

%𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
𝑚𝑒𝑎𝑛 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑚𝑒𝑎𝑛 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑚𝑒𝑎𝑛 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100 

 
Equation 1. Calculation of inhibitory activity  

 
4.6. Data analysis 

The IC50 values as well as the unpaired t-test analyses were carried out by the Prism software (Graph 
Pad 8 Inc, San Diego, USA). The IC50 values were obtained by plotting the percentage of inhibition as ordinate 
and log of concentration as an axis. 
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