


3/28/22, 9:27 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 1/6

  Open Access  Published since March 1, 2003

Open Chemistry
ISSN: 2391-5420

Impact Factor: 1.554

OVERVIEW LATEST ISSUE ISSUES RANKING SUBMIT EDITORIAL

Regular Articles

 Open Access January 26, 2022

Photocatalytic degradation of Rhodamine B in aqueous phase by bimetallic metal-organic
framework M/Fe-MOF (M = Co, Cu, and Mg)
Thi Kim Ngan Tran, Huu Loc Ho, Huu Vinh Nguyen, Bich Thuy Tran, Trung Thanh Nguyen, Phuong Quynh Thi
Bui, Long Giang Bach
Page range: 52-60

More  Cite this Download PDF

 Open Access February 8, 2022

Assessment of using electronic portal imaging device for analysing bolus material utilised in
radiation therapy
Alper Özseven
Page range: 61-68

More  Cite this Download PDF

 Open Access February 11, 2022

A detailed investigation on highly dense CuZr bulk metallic glasses for shielding purposes
Huseyin Ozan Tekin, Ghada ALMisned, Gulfem Susoy, Hesham M. H. Zakaly, Shams A. M. Issa, Gokhan Kilic,
Yasser Saad Rammah, Gandham Lakshminarayana, Antoaneta Ene
Page range: 69-80

More  Cite this Download PDF

 Open Access February 8, 2022

Simulation of gamma-ray shielding properties for materials of medical interest
Mucize Sarihan
Page range: 81-87

More  Cite this Download PDF

 Open Access February 8, 2022

Environmental impact assesment regulation applications and their analysis in Turkey
Hakan Ceylan
Page range: 88-96

More  Cite this Download PDF

 Open Access February 22, 2022

Volume 20 Issue 1 January 2022

 Should you have institutional access? Here's how to get it ...

SUBJECTS SERVICES PUBLICATIONS ABOUT

https://creativecommons.org/licenses/by/4.0/
https://www.degruyter.com/document/doi/10.1515/chem-2021-0110/html
https://www.degruyter.com/document/doi/10.1515/chem-2021-0110/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0126/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0126/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0127/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0127/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2021-0118/html
https://www.degruyter.com/document/doi/10.1515/chem-2021-0118/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0125/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0125/pdf
https://www.degruyter.com/how-access-works
https://www.degruyter.com/publishing/subjects
https://www.degruyter.com/publishing/services
https://www.degruyter.com/publishing/publications
https://www.degruyter.com/publishing/about-us


3/28/22, 9:27 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 2/6

Sample age effect on parameters of dynamic nuclear polarization in certain difluorobenzen
isomers/MC800 asphaltene suspensions
Hüseyin Ovalioglu
Page range: 97-104

More  Cite this Download PDF

 Open Access March 10, 2022

Passenger demand forecasting for railway systems
Melek Nar, Seher Arslankaya
Page range: 105-119

More  Cite this Download PDF

 Open Access February 22, 2022

Design of a Robust sliding mode controller for bioreactor cultures in overflow metabolism via
an interdisciplinary approach
Pablo Antonio Lopéz-Peréz, Abraham Efraim Rodriguez-Mata, Omar Hernández-González, Leonel E. Amabilis-
Sosa, Rogelio Baray-Arana, Jesus Leon-Borges
Page range: 120-129

More  Cite this Download PDF

 Open Access March 2, 2022

Gamma, neutron, and heavy charged ion shielding properties of Er -doped and Sm -doped
zinc borate glasses
Huseyin Ozan Tekin, Ghada ALMisned, Hesham M. H. Zakaly, Abdallah Zamil, Dalia Khoucheich, Ghaida Bilal,
Lubna Al-Sammarraie, Shams A. M. Issa, Mohammed Sultan Al-Buriahi, Antoaneta Ene
Page range: 130-145

More  Cite this Download PDF

 Open Access March 2, 2022

Bridging chiral de-tert-butylcalix[4]arenes: Optical resolution based on column
chromatography and structural characterization
Wen-Shan Liu, Hong-Ying Li, Hai-Xia Zhang, Xiu-Yuan Han, Xi-Chun Guo, Chuan-Hua Ding
Page range: 163-168

More  Cite this Download PDF

 Open Access March 11, 2022

Petrology and geochemistry of multiphase post-granitic dikes: A case study from the Gabal
Serbal area, Southwestern Sinai, Egypt
Mohamed S. Kamar, Ibrahim A. Salem, Ibrahim E. El-Aassy, Abdu A. El-Sayed, Hamdy A. Awad, Huseyin Ozan
Tekin, Abdullah M. Alzahrai, El Saeed R. Lasheen
Page range: 169-181

More  Cite this Download PDF

 Open Access March 8, 2022

Comparison of the yield and purity of plasma exosomes extracted by ultracentrifugation,
precipitation, and membrane-based approaches
Wei-Jian Li, Hong Chen, Man-Li Tong, Jian-Jun Niu, Xiao-Zhen Zhu, Li-Rong Lin
Page range: 182-191

More  Cite this Download PDF

 Open Access March 10, 2022

Bioactive triterpenoids from Indonesian medicinal plant Syzygium aqueum
Alfinda Novi Kristanti, Ei Ei Aung, Nanik Siti Aminah, Yoshiaki Takaya, Hnin Thanda Aung, Rico Ramadhan

3+ 3+

https://www.degruyter.com/document/doi/10.1515/chem-2021-0114/html
https://www.degruyter.com/document/doi/10.1515/chem-2021-0114/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0124/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0124/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2021-0098/html
https://www.degruyter.com/document/doi/10.1515/chem-2021-0098/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0128/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0128/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0130/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0130/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0136/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0136/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0139/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0139/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0138/html


3/28/22, 9:27 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 3/6

Page range: 204-211

More  Cite this Download PDF

 Open Access March 15, 2022

Investigation of the effects of machining parameters on surface integrity in micromachining
Ayhan Etyemez, Umut Aydin
Page range: 212-224

More  Cite this Download PDF

 Open Access March 16, 2022

The mesoporous aluminosilicate application as support for bifunctional catalysts for n-
hexadecane hydroconversion
Gulzira Vassilina, Kamilla Umbetkaliyeva, Albina Abdrassilova, Tursunay Vassilina, Zhassulan Zakirov
Page range: 225-236

More  Cite this Download PDF

 Open Access March 17, 2022

Gamma-ray shielding properties of Nd O -added iron–boron–phosphate-based composites
Bekir Oruncak
Page range: 237-243

More  Cite this Download PDF

 Open Access March 23, 2022

Numerical investigation on perforated sheet metals under tension loading
Cetin Karakaya
Page range: 244-253

More  Cite this Download PDF

 Open Access March 23, 2022

Statistical analysis on the radiological assessment and geochemical studies of granite rocks in
the north of Um Taghir area, Eastern Desert, Egypt
Hamdy A. Awad, Ibrahim Abu El-Leil, Aleksey V. Nastavkin, Abdellah Tolba, Mostafa Kamel, Refaey M. El-
Wardany, Abdalla Rabie, Antoaneta Ene, Huseyin O. Tekin, Shams A. M. Issa, Hesham M. H. Zakaly
Page range: 254-266

More  Cite this Download PDF

 Open Access March 24, 2022

Two new polypodane-type bicyclic triterpenoids from mastic
Xuerui An, Junlong Wang, Xuehui Yu, Hao Wu, Wei Liu
Page range: 267-271

More  Cite this Download PDF

 Open Access March 24, 2022

Structural, physical, and mechanical properties of the TiO  added hydroxyapatite composites
Ayhan Etyemez
Page range: 272-276

More  Cite this Download PDF

 Open Access March 24, 2022

Tribological properties and characterization of borided Co–Mg alloys
Ismail Yıldız
Page range: 277-286

2 3

2

https://www.degruyter.com/document/doi/10.1515/chem-2022-0138/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0141/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0141/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0134/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0134/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0143/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0143/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0142/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0142/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0131/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0131/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0144/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0144/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0140/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0140/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0133/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0133/pdf


3/28/22, 9:27 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 4/6

More  Cite this Download PDF

Review Articles

 Open Access January 20, 2022

Comprehensive review on synthesis, physicochemical properties, and application of activated
carbon from the Arecaceae plants for enhanced wastewater treatment
Ngoc Bich Hoang, Thi Cam Quyen Ngo, Thi Kim Ngan Tran, Van Tan Lam
Page range: 10-22

More  Cite this Download PDF

 Open Access January 26, 2022

Research progress on speciation analysis of arsenic in traditional Chinese medicine
Congnan Peng, Juntong Zhou, Chi Li, Yuxin Chen, Qing Huo, Fei Xie
Page range: 23-39

More  Cite this Download PDF

Special Issue on Applied Biochemistry and Biotechnology (ABB
2021)

 Open Access January 18, 2022

Study of solidification and stabilization of heavy metals by passivators in heavy metal-
contaminated soil
Shenglan Ye, Luyao Wang, Tiancheng Liu
Page range: 1-9

More  Cite this Download PDF

 Open Access March 8, 2022

Human health risk assessment and distribution of VOCs in a chemical site, Weinan, China
Yan Li, Bo Yan
Page range: 192-203

More  Cite this Download PDF

Special Issue on the Conference of Energy, Fuels, Environment 2020

 Open Access January 26, 2022

Improving the thermal performance of existing buildings in light of the requirements of the EU
directive 2010/31/EU in Poland
Tomasz Sumera, Tadeusz Olkuski
Page range: 40-51

More  Cite this Download PDF

Special Issue on Ethnobotanical, Phytochemical and Biological
Investigation of Medicinal Plants

 Open Access March 2, 2022

Study of plant resources with ethnomedicinal relevance from district Bagh, Azad Jammu and
Kashmir, Pakistan
Tasneem Maqsood, Tayyaba Munawar, Yamin Bibi, Ahmad El Askary, Amal F. Gharib, Tariq E. Elmissbah, Basem
H. Elesawy, Abdul Qayyum
Page range: 146-162

More  Cite this Download PDF

https://www.degruyter.com/document/doi/10.1515/chem-2022-0133/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2021-0117/html
https://www.degruyter.com/document/doi/10.1515/chem-2021-0117/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0123/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0123/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2021-0101/html
https://www.degruyter.com/document/doi/10.1515/chem-2021-0101/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0132/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0132/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2021-0103/html
https://www.degruyter.com/document/doi/10.1515/chem-2021-0103/pdf
https://www.degruyter.com/document/doi/10.1515/chem-2022-0129/html
https://www.degruyter.com/document/doi/10.1515/chem-2022-0129/pdf


3/28/22, 9:27 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 5/6

(Deutsch)

Type: Journal

Language: English

Publisher: De Gruyter Open Access

First published: March 1, 2003

Publication Frequency: 1 Issue per Year

Search journal

Subjects

Architecture and Design

Arts

Asian and Pacific Studies

Business and Economics

Chemistry

Classical and Ancient Near Eastern

Studies

Computer Sciences

Cultural Studies

Engineering

General Interest

Geosciences

History

Industrial Chemistry

Islamic and Middle Eastern Studies

Jewish Studies

Law

Library and Information Science,

Book Studies

Life Sciences

Linguistics and Semiotics

Literary Studies

Materials Sciences

Mathematics

Medicine

Music

Pharmacy

Philosophy

Physics

Social Sciences

Sports and Recreation

Theology and Religion

Services

For journal authors

For book authors

For librarians

Rights & Permissions

Publications

Publication types

Open Access

About

Contact

Career

About De Gruyter

Partnerships

Press

New website FAQs

Help/FAQ Privacy policy Cookie Policy Accessibility Terms & Conditions Legal Notice

© Walter de Gruyter GmbH 2022



https://www.degruyter.com/journal/key/chem/html?lang=de
https://www.degruyter.com/publishing/subjects
https://www.degruyter.com/search?query=*&subjectFacet=AD
https://www.degruyter.com/search?query=*&subjectFacet=AR
https://www.degruyter.com/search?query=*&subjectFacet=AS
https://www.degruyter.com/search?query=*&subjectFacet=EC
https://www.degruyter.com/search?query=*&subjectFacet=CH
https://www.degruyter.com/search?query=*&subjectFacet=CL
https://www.degruyter.com/search?query=*&subjectFacet=CO
https://www.degruyter.com/search?query=*&subjectFacet=CS
https://www.degruyter.com/search?query=*&subjectFacet=EN
https://www.degruyter.com/search?query=*&subjectFacet=GL
https://www.degruyter.com/search?query=*&subjectFacet=GS
https://www.degruyter.com/search?query=*&subjectFacet=HI
https://www.degruyter.com/search?query=*&subjectFacet=IC
https://www.degruyter.com/search?query=*&subjectFacet=IS
https://www.degruyter.com/search?query=*&subjectFacet=JS
https://www.degruyter.com/search?query=*&subjectFacet=LA
https://www.degruyter.com/search?query=*&subjectFacet=LB
https://www.degruyter.com/search?query=*&subjectFacet=LF
https://www.degruyter.com/search?query=*&subjectFacet=LS
https://www.degruyter.com/search?query=*&subjectFacet=LT
https://www.degruyter.com/search?query=*&subjectFacet=MS
https://www.degruyter.com/search?query=*&subjectFacet=MT
https://www.degruyter.com/search?query=*&subjectFacet=MD
https://www.degruyter.com/search?query=*&subjectFacet=MU
https://www.degruyter.com/search?query=*&subjectFacet=PM
https://www.degruyter.com/search?query=*&subjectFacet=PL
https://www.degruyter.com/search?query=*&subjectFacet=PY
https://www.degruyter.com/search?query=*&subjectFacet=SN
https://www.degruyter.com/search?query=*&subjectFacet=SR
https://www.degruyter.com/search?query=*&subjectFacet=TL
https://www.degruyter.com/publishing/services
https://www.degruyter.com/publishing/services/for-journal-authors
https://www.degruyter.com/publishing/services/for-book-authors
https://www.degruyter.com/publishing/services/for-librarians
https://www.degruyter.com/publishing/services/rights-and-permissions
https://www.degruyter.com/publishing/publications
https://www.degruyter.com/publishing/publications/publicationtypes
https://www.degruyter.com/publishing/publications/openaccess
https://www.degruyter.com/publishing/about-us
https://www.degruyter.com/publishing/about-us/contact
https://www.degruyter.com/publishing/about-us/careers
https://www.degruyter.com/publishing/about-us/about-dg
https://www.degruyter.com/publishing/about-us/publisher-partners
https://www.degruyter.com/publishing/about-us/press
https://www.degruyter.com/publishing/about-us/new-website-faqs
https://www.degruyter.com/publishing/about-us/new-website-faqs
https://www.degruyter.com/publishing/our-privacy-policy
https://www.degruyter.com/publishing/our-cookie-policy
https://www.degruyter.com/publishing/accessibility
https://www.degruyter.com/publishing/terms-conditions
https://www.degruyter.com/publishing/imprints


3/28/22, 9:27 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 6/6



3/28/22, 9:28 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 1/4

  Open Access  Published since March 1, 2003

Open Chemistry
ISSN: 2391-5420

Impact Factor: 1.554

OVERVIEW LATEST ISSUE ISSUES RANKING SUBMIT EDITORIAL

Editorial
Editor-in-Chief 
Snezana D. Zaric, University of Belgrade, Serbia

Managing Editor 
Karolina Kurtyka, Poland

Editorial Advisory Board 
Metin Hayri Acar, Istanbul Technical University, Turkey 
Sergei Aldoshin, Russian Academy of Sciences, Russia 
Roland Boese, University of Essen, Germany 
David C. Clary, University of Oxford, UK 
Graham Cooks, Purdue University, USA 
Elias J. Corey, Harvard University, USA 
Carlos Fernandez , Robert Gordon University, UK 
Boris Furtula, University of Kragujevac, Serbia 
Jean-François Gérard, SGM INSA Lyon, CNRS, ECNP, France 
Raquel P. Herrera, Isqch (Csic-Uz) Instituto De Síntesis Química Y Catálisis Homogénea, Spain 
Janusz Jurczak, Warsaw University and Institute of Organic Chemistry, Poland 
Alexei Khokhlov, Moscow State University and Nesmeyanov Institute of Organoelement Compounds, Russia 
Alexander M. Klibanov, Massachusetts Institute of Technology, USA 
Jacek Klinowski, University of Cambridge, UK 
Shu Kobayashi, University of Tokyo, Japan 
Pavel Kratochvil, Academy of Sciences of the Czech Republic, Czech Republic 
Janusz Lipkowski, Polish Academy of Sciences, Poland 
Goverdhan Mehta, Indian Institute of Science, India 
Achim Müller, University of Bielefeld, Germany 
Stanislaw Penczek, Centre of Molecular and Macromolecular Studies, Poland 
Chintamani Nagesa Ramachandra Rao, Jawaharlal Nehru Centre for Advanced Scientific Research, India 
Thomas Rauchfuss, University of Illinois, USA 
Vladimir Sklenar, Masaryk University, Czech Republic
Edward I. Solomon, Stanford University, USA 
Barry Trost, Stanford University, USA 
Donald G. Truhlar, University of Minnesota, USA 
Fosong Wang, Chinese Academy of Sciences, China 
George Whitesides, Harvard University, USA 
Frank Würthner, Institut für Organische Chemie & Center for Nanosystems Chemistry, Germany 
Jung Woon Yang, Sungkyunkwan University, South Korea

Editors 
Mozhgan Afshari, Islamic Azad University, Shoushtar, Iran 
Khuram Shahzad Ahmad, Fatima Jinnah Women University, Pakistan 
Iskender Akkurt, Süleyman Demirel Üniv. Physics Dep.Nuclear Physics Div. Isparta, Turkey 
Diego Alonso, Alicante University, Spain 
Biljana Arsic, Department of Chemistry, Faculty of Sciences and Mathematics, University of Nis, Republic of Serbia 
Aleksander Maria Astel, Pomeranian University in Słupsk, Poland 

 Should you have institutional access? Here's how to get it ...

SUBJECTS SERVICES PUBLICATIONS ABOUT

https://creativecommons.org/licenses/by/4.0/
http://www.pmf.kg.ac.rs/bfurtula/
http://truhlar.chem.umn.edu/
https://www.degruyter.com/how-access-works
https://www.degruyter.com/publishing/subjects
https://www.degruyter.com/publishing/services
https://www.degruyter.com/publishing/publications
https://www.degruyter.com/publishing/about-us


3/28/22, 9:28 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 2/4

Maria Luisa Astolfi Sapienza University of Rome, Italy 
Ebaa Adnan Azooz, The Gifted Students` School in Najaf, Ministry of Education, Iraq 
Sezgin Bakirdere, Yıldız Technical University, Turkey 
Saikat Bala, Scientist II at Beam Therapeutics, Cambridge, Massachusetts, USA 
Csaba Balazsi, Centre for Energy Research, Centre of Excellence of Hungarian Academy of Sciences, Hungary 
Roya Boodaghi Malidarre, Payame Noor University, Tehran, Iran 
Arindam Bose, Harvard Medical School, USA 
Anthony J. Burke, University of Evora, Portugal 
Eugenijus Butkus, Vilnius University, Lithuania 
Sergio Carrasco, Universidad Rey Juan Carlos, Spain 
Domenico Cautela, Stazione Sperimentale per le Industrie delle Essenze e dei Derivati Dagli Agrumi (SSEA), Italy 
Paolo Censi, University of Palermo, Italy 
Christophoros Christophoridis, Aristotle University of Thessaloniki, Greece 
Łukasz Cieśla, University of Alabama, USA 
Dibyendu Dana, KemPharm Inc., USA 
Costel C. Darie, Clarkson University, USA 
Adi Darmawan, Faculty of Sciences and Mathematics, Diponegoro University, Indonesia 
Rajat Subhra Das, Omega Therapeutics, USA 
Joaquín R. Domínguez, Universidad de Extremadura, Spain 
Biswanath Dutta, University of Illinois Urbana Champaign, USA 
Chiara Fanali, Campu Bio-Medico University of Rome, Italy 
Is Fatimah, Universitas Islam Indonesia, Indonesia 
Huanhuan Feng, Harbin Institute of Technology (Shenzhen), China 
Robert Fraczkiewicz, Simulations Plus Inc., USA 
Iolanda Francolini, Sapienza University of Rome, Italy 
Ramesh L. Gardas, Indian Institute of Technology Madras, India 
Mazeyar Parvinzadeh Gashti, PRE Labs Inc, Canada 
Jose Gonzalez-Rodriguez, University of Lincoln, UK 
Sravanthi Devi Guggilapu, Nimble Therapeutics, USA 
Juan Luis Garcia Guirao, Technical University of Cartagena, Spain 
Oğuz Gürsoy, Burdur Mehmet Akif Ersoy University, Turkey 
Dariusz Guziejewski, University of Lodz, Poland 
Ahmed A. Hussein, Cape Peninsula University of Technology, South Africa 
Ahmed S. Ibrahim, Qatar University, Qatar 
Saravana Kumar Jaganathan, Universiti Teknologi Malaysia, Malaysia 
Agata Jakóbik-Kolon, Silesian University of Technology, Poland 
Paweł Jeżowski, Poznan University of Technology, Poland 
Hassan Karimi-Maleh, University of Electronic Science and Technology of China, China 
Yasar Nelliyot Kavil, King Abdulaziz University, Saudi Arabia 
Przemysław Kowalczewski, Poznań University of Life Sciences, Poland 
Iryna Kravchenko, Odessa Polytechnic State University (Department of Organic and Pharmaceutical Technology),
Ukraine 
Jerzy Langer, Adam Mickiewicz University, Poland
Fei Li, Zhongnan University of Economics and Law, China 
Wenhui Li, Applied Materials Inc., USA 
Antonio Martin-Esteban, INIA-CSIC, Spain 
Zoran Mazej, Jozef Stefan Institute, Slovenia 
Mohsen Mhadhbi, National Institute of Research and Physical-chemical Analysis, Tunisia 
Christiana Mitsopoulou, National and Kapodistrian University of Athens, Greece 
Raj Mukherjee, Sanofi, USA 
Selvakumar Murugesan, University of Bayreuth, Germany 
Dmitry Murzin, Åbo Akademi, Finland 
Waqas Nazeer, GC University Lahore, Pakistan 
Awal Noor, King Faisal University, Saudi Arabia 
Mozaniel Santana de Oliveira, Adolpho Ducke Laboratory, Botany Coordination, Museu Paraense Emílio Goeldi, Brazil 
Shagufta Perveen, King Saud University, Saudi Arabia 
Christos Petrou, School of Sciences and Engineering, Cyprus 
Daniela Piazzase, University of Palermo, Italy 
Tanay Pramanik, University of Engineering and Management Kolkata, India 
María Mar Quesada-Moreno, University of Granada, Spain 
Fitria Rahmawati, Universitas Sebelas Maret, Indonesia 
Ponnadurai Ramasami, University of Mauritius, Mauritius 



3/28/22, 9:28 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 3/4

Abdul Rauf, University of Swabi, Pakistan 
Dominique Richon, MINES ParisTECH, France 
Juan Garcia Rodriguez, Complutense University, Spain 
Daily Rodriguez-Padron, Universidad de Cordoba, Spain 
Agnieszka Saeid, Wroclaw University of Science and Technology, Poland 
Suresh Sagadevan, FRSC, Nanotechnology & Catalysis Research Centre, University of Malaya, Malaysia 
Christian Schmitz, Hochschule Niederrhein, Germany 
Catinca Secuianu, Politehnica University of Bucharest, Romania 
Navpreet Kaur Sethi, Zhejiang University, China 
Belgin Sever, Anadolu University, Faculty of Pharmacy, Turkey 
Praveen Kumar Sharma, Lovely Professional University, India 
Francesco Siano, National Research Council, Italy 
Krishnamoorthy Sivakumar, SCSVMV University, India 
Gaweł Sołowski, Institute of Fluid Machinary, Poland 
Atul Srivastava, University of Chicago, USA 
Lakshmi Narayana Suvarapu, Yeungnam University, South Korea 
Jose Luis Toca-Herrera, BOKU, Austria 
Riaz Ullah, Department of Pharmacognosy, College of Pharmacy, King Saud University Riyadh Saudi Arabia 
Konstantin Volcho, Novosibirsk Institute of Organic Chemistry SB RAS, Russia 
Iveta Waczulikova, Comenius University, Fac of Math, Phys. and Inform., Slovakia 
Chunpeng Wan, Jiangxi Agricultural University, China 
Shin-ichi Yusa, Univ of Hyogo, Japan 
Constantinos K. Zacharis, Aristotle University of Thessaloniki, Greece 
Szczepan Zapotoczny, Jagiellonian University in Krakow, Poland 
Snezana Zaric, University of Belgrade, Serbia 
Zhien Zhang, Ohio State University, USA 
Tingting Zheng, Peking University Shenzhen Hospital, Shenzhen PKU-HKUST Meidical Center, Peking University, China 
Grigoris Zoidis, National and Kapodistrian University of Athens, Greece

Publisher 
DE GRUYTER Poland 
Bogumiła Zuga 32A Str. 
01-811 Warsaw, Poland 
T: +48 22 701 50 15

Editorial Contact 
openchemistry@degruyter.com

Assistant Managing Editor 
Deepan Selvaraj, Compuscript 
AssistantManagingEditor@degruyter.com

(Deutsch)

Type: Journal

Language: English

Publisher: De Gruyter Open Access

First published: March 1, 2003

Publication Frequency: 1 Issue per Year

Search journal 

mailto:openchemistry@degruyter.com
mailto:AssistantManagingEditor@degruyter.com
https://www.degruyter.com/journal/key/chem/html?lang=de


3/28/22, 9:28 AM Open Chemistry

https://www.degruyter.com/journal/key/chem/html 4/4

Subjects

Architecture and Design

Arts

Asian and Pacific Studies

Business and Economics

Chemistry

Classical and Ancient Near Eastern

Studies

Computer Sciences

Cultural Studies

Engineering

General Interest

Geosciences

History

Industrial Chemistry

Islamic and Middle Eastern Studies

Jewish Studies

Law

Library and Information Science,

Book Studies

Life Sciences

Linguistics and Semiotics

Literary Studies

Materials Sciences

Mathematics

Medicine

Music

Pharmacy

Philosophy

Physics

Social Sciences

Sports and Recreation

Theology and Religion

Services

For journal authors

For book authors

For librarians

Rights & Permissions

Publications

Publication types

Open Access

About

Contact

Career

About De Gruyter

Partnerships

Press

New website FAQs

Help/FAQ Privacy policy Cookie Policy Accessibility Terms & Conditions Legal Notice

© Walter de Gruyter GmbH 2022

https://www.degruyter.com/publishing/subjects
https://www.degruyter.com/search?query=*&subjectFacet=AD
https://www.degruyter.com/search?query=*&subjectFacet=AR
https://www.degruyter.com/search?query=*&subjectFacet=AS
https://www.degruyter.com/search?query=*&subjectFacet=EC
https://www.degruyter.com/search?query=*&subjectFacet=CH
https://www.degruyter.com/search?query=*&subjectFacet=CL
https://www.degruyter.com/search?query=*&subjectFacet=CO
https://www.degruyter.com/search?query=*&subjectFacet=CS
https://www.degruyter.com/search?query=*&subjectFacet=EN
https://www.degruyter.com/search?query=*&subjectFacet=GL
https://www.degruyter.com/search?query=*&subjectFacet=GS
https://www.degruyter.com/search?query=*&subjectFacet=HI
https://www.degruyter.com/search?query=*&subjectFacet=IC
https://www.degruyter.com/search?query=*&subjectFacet=IS
https://www.degruyter.com/search?query=*&subjectFacet=JS
https://www.degruyter.com/search?query=*&subjectFacet=LA
https://www.degruyter.com/search?query=*&subjectFacet=LB
https://www.degruyter.com/search?query=*&subjectFacet=LF
https://www.degruyter.com/search?query=*&subjectFacet=LS
https://www.degruyter.com/search?query=*&subjectFacet=LT
https://www.degruyter.com/search?query=*&subjectFacet=MS
https://www.degruyter.com/search?query=*&subjectFacet=MT
https://www.degruyter.com/search?query=*&subjectFacet=MD
https://www.degruyter.com/search?query=*&subjectFacet=MU
https://www.degruyter.com/search?query=*&subjectFacet=PM
https://www.degruyter.com/search?query=*&subjectFacet=PL
https://www.degruyter.com/search?query=*&subjectFacet=PY
https://www.degruyter.com/search?query=*&subjectFacet=SN
https://www.degruyter.com/search?query=*&subjectFacet=SR
https://www.degruyter.com/search?query=*&subjectFacet=TL
https://www.degruyter.com/publishing/services
https://www.degruyter.com/publishing/services/for-journal-authors
https://www.degruyter.com/publishing/services/for-book-authors
https://www.degruyter.com/publishing/services/for-librarians
https://www.degruyter.com/publishing/services/rights-and-permissions
https://www.degruyter.com/publishing/publications
https://www.degruyter.com/publishing/publications/publicationtypes
https://www.degruyter.com/publishing/publications/openaccess
https://www.degruyter.com/publishing/about-us
https://www.degruyter.com/publishing/about-us/contact
https://www.degruyter.com/publishing/about-us/careers
https://www.degruyter.com/publishing/about-us/about-dg
https://www.degruyter.com/publishing/about-us/publisher-partners
https://www.degruyter.com/publishing/about-us/press
https://www.degruyter.com/publishing/about-us/new-website-faqs
https://www.degruyter.com/publishing/about-us/new-website-faqs
https://www.degruyter.com/publishing/our-privacy-policy
https://www.degruyter.com/publishing/our-cookie-policy
https://www.degruyter.com/publishing/accessibility
https://www.degruyter.com/publishing/terms-conditions
https://www.degruyter.com/publishing/imprints


3/28/22, 9:31 AM Open Chemistry

https://www.scimagojr.com/journalsearch.php?q=21100384025&tip=sid&clean=0 1/5

also developed by scimago: SCIMAGO INSTITUTIONS RANKINGS

Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Open Chemistry

COUNTRY

Germany 

SUBJECT AREA AND CATEGORY

Chemistry

Materials Science

PUBLISH

Walter d
Gruyter
GmbH 

PUBLICATION TYPE

Journals

ISSN

23915420

COVERA

2003,
2015-
2020

Enter Journal Title, ISSN or Publisher Name  

Universities and research
institutions in Germany

Chemistry (miscellaneous)

Materials Chemistry

https://www.scimagoir.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=DE
https://www.scimagojr.com/journalrank.php?area=1600
https://www.scimagojr.com/journalrank.php?area=2500
https://www.scimagojr.com/journalsearch.php?q=Walter%20de%20Gruyter%20GmbH&tip=pub
https://www.scimagoir.com/rankings.php?country=DEU
https://www.scimagojr.com/journalrank.php?category=1601
https://www.scimagojr.com/journalrank.php?category=2505


3/28/22, 9:31 AM Open Chemistry

https://www.scimagojr.com/journalsearch.php?q=21100384025&tip=sid&clean=0 2/5

SCOPE

Open Chemistry is a peer-reviewed, open access journal that publishes original research, reviews and short communica
chemistry in an ongoing way. Our central goal is to provide a hub for researchers working across all subjects to present
to be a forum for the discussion of the important issues in the �eld. Our journal is the premier source for cutting edge re
chemistry and it provides high quality peer review services for its authors across the world. Moreover, it allows for librar
avoid subscribing to multiple local publications, and to receive instead all the necessary chemistry research from a sing
the entire scienti�c community.

Join the conversation about this journal

Quartiles

FIND SIMILAR JOURNALS 



3/28/22, 9:31 AM Open Chemistry

https://www.scimagojr.com/journalsearch.php?q=21100384025&tip=sid&clean=0 3/5

1
Journal of Chemistry

USA

67%
similarity

2
Bulgarian Chemical
Communications
BGR

57%
similarity

3
Molecules

CHE

56%
similarity

4
J
S
P

SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2003 1
2004 0
2005 0
2006 0

Citations per document

This indicator counts the number of citations received
by documents from a journal and divides them by the

total number of documents published in that journal.
The chart shows the evolution of the average number
of times documents published in a journal in the past
two, three and four years have been cited in the current

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

Cites per document Year Value
Cites / Doc. (4 years) 2003 0.000
Cites / Doc. (4 years) 2004 0.000
Cites / Doc. (4 years) 2005 0.000
Cites / Doc. (4 years) 2006 0.000
Cites / Doc. (4 years) 2015 0.000
Cites / Doc. (4 years) 2016 1.055
Cites / Doc. (4 years) 2017 1.624
Cites / Doc. (4 years) 2018 1.615
Cites / Doc. (4 years) 2019 1.738
Cites / Doc. (4 years) 2020 1.709

Total Cites Self-Cites

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

documents during the three previous years.
 

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

Cites Year Value
f

External Cites per Doc Cites per Doc

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

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

received by the journal’s documents.

% International Collaboration Citable documents Non citable documents

2004 2006 2008 2010 2012 2014 2016 2018 2020

0

0.2

0.4

2003 2006 2009 2012 2015 2018

0

90

180

Cites / Doc. (4 years)
Cites / Doc. (3 years)
Cites / Doc. (2 years)

2003 2006 2009 2012 2015 2018

0

0.4

0.8

1.2

1.6

2

2003 2006 2009 2012 2015 2018

0

300

600

2003 2006 2009 2012 2015 2018

0

0.9

1.8

https://www.scimagojr.com/journalsearch.php?q=21100208308&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=19700175454&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=26370&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=23349&tip=sid&clean=0


3/28/22, 9:31 AM Open Chemistry

https://www.scimagojr.com/journalsearch.php?q=21100384025&tip=sid&clean=0 4/5

Metrics based on Scopus® data as of April 2021

Leave a comment

Name  

% International Collaboration

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

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

Year International Collaboration

Citable documents Non-citable documents

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

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

papers.

Cited documents Uncited documents

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

not cited during the following year.

Documents Year Value
Uncited documents 2003 0
Uncited documents 2004 1
Uncited documents 2005 1
Uncited documents 2006 1

← Show this widget in
your own website

Just copy the code below
and paste within your html
code:

<a href="https://www.scimag

   SCImago GraphicaSCImago GraphicaSCImago Graphica
   

Explore, visuallyExplore, visuallyExplore, visually
communicate and makecommunicate and makecommunicate and make
sense of data with our sense of data with our sense of data with our newnewnew
free toolfree toolfree tool...

   

Get it

2003 2005 2007 2009 2011 2013 2015 2017 2019

0

20

40

2003 2006 2009 2012 2015 2018

0

200

400

2003 2006 2009 2012 2015 2018

0

200

400

https://www.graphica.app/


3/28/22, 9:31 AM Open Chemistry

https://www.scimagojr.com/journalsearch.php?q=21100384025&tip=sid&clean=0 5/5

Email
(will not be published)

 

Submit

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a

speci�c journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.

Developed by:
 

 

Powered by:
 

Follow us on @ScimagoJR
  

Scimago Lab, Copyright 2007-2020. Data Source: Scopus®

http://www.scimagolab.com/
http://www.scopus.com/
https://twitter.com/ScimagoJR
http://www.scimagolab.com/
http://www.scopus.com/


Research Article

Alfinda Novi Kristanti*, Ei Ei Aung, Nanik Siti Aminah, Yoshiaki Takaya, Hnin Thanda Aung,

Rico Ramadhan

Bioactive triterpenoids from Indonesian
medicinal plant Syzygium aqueum

https://doi.org/10.1515/chem-2022-0138

received December 23, 2021; accepted February 15, 2022

Abstract: A large common species, Syzygium aqueum,

belonging to the genus Syzygium possesses numerous

bioactive phytochemical constituents. Moreover, the dif-

ferent parts of this species have been used as folk med-

icine since centuries ago. In this study, a phytochemical

exploration was carried out on the plant’s stem bark.

Isolation of the compounds was carried out through the

extraction step with some organic solvents, followed by

separation and purification using chromatography tech-

niques until the two triterpenoids were isolated from

nonpolar and semipolar extracts. Structure elucidation

was done using spectroscopic methods. These compounds

were identified as alphitolic acid and arjunolic acid.

Subsequently, these two compounds were used in anti-

cancer tests against human cancer cells HeLa, T47D, and

A549 using colorimetric assay. The result showed that both

compounds showed more inhibition of the growth of HeLa

and T47D than A549 cancer cells, with the highest activity

shown by arjunolic acid against HeLa cell lines.

Keywords: Syzygium aqueum, alphitolic acid, arjunolic

acid, MTT assay, XTT assay

1 Introduction

One of the probablemedicament manufacturing countries,

Indonesia, between the Pacific and Indian Oceans, is com-

monly known as a country with the second richest bio-

diversity of medicinal plants on the earth. Medicinal plants

have therapeutic properties or provide beneficial pharma-

cological effects for the human body. Some examples are

given here. The chemical composition of the essential oils

extracted from Elaeagnus umbellata Thunb fruit demon-

strated antioxidant, anticholinesterase, and antidiabetic

activities that could be used as an alternative drug to treat

oxidative stress-related diseases [1]. The essential oil of

Teucrium stocksianum possesses a strong antinociceptive

potential, which is further used as a topical analgesic [2].

The study of Woodwardia unigemmata (Makino) Nakai

plant extracts, which were rich in polyphenolic com-

pounds (total phenolic compounds and total flavonoid

compounds)with efficient antioxidant activity, also showed

remarkable antibacterial activity against plant and animal

pathogenic bacteria [3]. The diverse Indonesian medicinal

plants have been used as the sources of herbal medicines

for the inhibition and treatment of human diseases for sev-

eral thousand years [4].

The sixteenth largest genus of flowering plants in the

Myrtaceae family, Syzygium, comprises about 1,200–1,800

species. Moreover, Syzygium species of tree and shrub

types are distributed in tropical areas worldwide, espe-

cially Indonesia, Malaysia, Philippines, and Thailand.

Some species of Syzygium are widely cultivated for eco-

nomic importance, edible fruits, spices, flavoring agents,

and pharmacological proprieties. Syzygium contains abun-

dant diversity of bioactive phytochemical constituents

such as terpenoids, steroids, chalcones, flavonoids, lig-

nans, alkyl phloroglucinols, hydrolysable tannins, and

chromone derivatives [5].
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A medicinal species of Syzygium found in Indonesia,

Syzygium aqueum, is a large common species in this

genus found in Malaysia [6]. Fruits, leaves, and roots of

this species have been used as folkmedicine, especially for

antibiotic properties, diabetic treatment, the treatment for

a cracked tongue, relieving itches, stomach aches, dysen-

tery, and reducing of swelling, respectively [7–11].

Some researchers were focused on bioactive phyto-

chemical constituents based on the above medicinal

values of this plant. Therefore, bioactive phytochemical

constituents such as tannins, flavonoids, steroids, triter-

penoids, and phenols from leaves and stem bark of this

plant have already been reported in some research articles

[12–17]. These articles also showed that some flavonoids

from S. aqueum (leaves) strongly showed antidiabetic

properties using α-glucosidase and α-amylase inhibition

assays and showed their cytotoxicity against MCF-cell

line using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-

zolium bromide (MTT) assay. Moreover, some triterpe-

noids and steroids from S. aqueum (stem bark) were active

with high cytotoxicity on HeLa, T47D, and A549 cancer cell

lines using MTT and 2,3-bis-(2-methoxy-4-nitro-5-sulfo-

phenyl)-2H-tetrazolium-5-carboxanilide (XTT) assays.

Based on the literature study, the stem bark of S. aqueum

was designated for this research. Primarily, some extracts

of stem bark of S. aqueum were separated to collect bio-

active constituents with vacuum liquid chromatography

and column chromatography. The structure of isolated

compounds was identified with spectroscopic methods,

including UV, Fourier transform infrared (FTIR), nuclear

magnetic resonance (NMR [1D and 2D]), and HR-DART-

MS. After this, their anticancer activity was determined

with colorimetric assay (MTT and XTT assays). The iso-

lated bioactive constituents were triterpenoid compounds,

first isolated from S. aqueum.

2 Materials and methods

2.1 Plant materials

The stem bark of S. aqueum was collected in December

2018 from Wage, Taman, Sidoarjo, East Java, Indonesia.

The plant material was identified at the Department of

Biology, Faculty of Science and Technology, Universitas

Airlangga, and the voucher specimen (UA-MSa050918)

was deposited at the Herbarium of Universitas Airlangga,

Laboratory of Biosystematic, Department of Biology, Faculty

of Science and Technology, Universitas Airlangga. The

collected stem bark was cleaned, chopped, and crushed

into small pieces of coarse powder.

2.2 Instrumentations

A polarimeter with φ 3.5mm diameter (cell size) × 100mm

(cell length) was used to measure the specific rotation. For

structure elucidation, some of the instruments used are

a UV-vis 1800 spectrometer (Shimadzu), FTIR spectra on

a Tracer-100 spectrophotometer (Shimadzu), NMR spectra

on Bruker Avance III HD 600, and HR-DART-MS on an

Exactive Plus Orbitrap DART Mass Spectrometer. Enzyme-

linked immunosorbent assay (ELISA) reader was used for

the anticancer test.

2.3 General procedure

For extraction, fractionation, isolation, and purification

of a sample, organic solvents such as n-hexane (n-Hex),

ethyl acetate (EtOAc), dichloromethane (DCM), andmethanol

(MeOH) were used. In analytical thin-layer chromatography

(TLC), a precoated silica gel 60 F254 (Merck) was used and an

anisaldehyde-sulfuric acid reagent was sprayed on a TLC

plate for visualization. Silica gel 60 (700–200 mesh ASTM)

was applied for column chromatography. Then, vacuum

liquid chromatography (VLC) was performed using Kieselgel

60 (F254, Merck). The melting point of pure compounds was

measured on a Fisher-Johns melting point apparatus (Stuart

SMP30). Spectroscopic methods, including UV-vis, IR, NMR,

and MS, were used to determine the structure of isolated

compounds. An anticancer test was carried out using MTT

and XTT reagents (colorimetric assay), and the absorbance

for an anticancer test was recorded on an ELISA reader.

2.4 Extraction and isolation

At room temperature, 2 kg of coarse powder of stem bark

was extracted with a polar solvent (MetOH, 40 L) for

3 × 24 h. This crude extract (450 g) was then mentioned

to partition with a nonpolar solvent (n-hexane). It was

separated into a nonpolar fraction and a methanol frac-

tion. Then, 400mL of aqueous was added to methanol

fractions before partitioning with a semipolar solvent,

EtOAc. After this, this mixture was separated into a semi-

polar fraction and an aqueous methanol residue. First, the

Bioactive triterpenoids from Indonesian medicinal plant S. aqueum  205



nonpolar fraction was chromatographed with gradient

polarity solvents, n-Hex:EtOAc. Separation procedure was

carried out for three times using column chromatography

to obtain a pure compound. Compound 1 (30 mg) was

acquired from a fraction eluted with n-Hex:EtOAc = 7:3.

The semipolar fraction was separated by VLC using gra-

dient solvent mixtures of n-Hex:DCM and DCM:EtOAc.

Separation procedure using column chromatography was

carried out twice to obtain a pure compound, Compound 2

(50mg), that was eluted with DCM:EtOAc = 6:4.

2.5 Anticancer activity

2.5.1 Cell culture

Three cancer cell lines, HeLa (cervical cancer), T47D

(breast cancer), and A459 (lung cancer), were obtained

from American Type Culture Collection. Cells were cul-

tured at 37°C in a CO2 incubator for 24 h and 100%humidity

in medium supplemented with 10% FBS, 1% L-glutamine,

and 1% penicillin/streptomycin. The cell culture process

was carried out in the Cancer Chemoprevention Research

Center, Faculty of Pharmacy at Universitas Gadjah Mada,

Indonesia and in Physic Laboratory, Faculty of Science of

University Putra Malaysia (UPM), Malaysia.

2.5.2 MTT assay

An anticancer test of pure compounds was performed

using MTT assay. Cells were cultured in 96 well plates

at 213 × 104 cell/well density and were incubated at

37°C in a CO2 incubator for 24 h. The cells were then

treated with 100 µL of the prepared sample with different

concentration series (1.5625–100 µg/mL) at 37°C in a CO2

incubator for 24 h. As much as 100 µL of the MTT reagent

(50mg in 10mL of PBS) was filled in each well after incu-

bation, and it was incubated again at 37°C in a CO2 incu-

bator for 2–4 h until purple formazan crystals are formed.

After the crystal formation, cells were observed with a

microscope, and 100 µL of 10% SDS stopper in 0.1 N

HCl was added, and it was kept in a dark place overnight

(room temperature). Next, the plate’s absorbance value

was read at a wavelength of 560 nm by using an ELISA

reader [18,19].

2.5.3 XTT assay

The anticancer test was carried out using XTT assay. Cells

were seeded (104–105 cells/well) into 96 well plates and

were incubated at 37°C in a CO2 incubator for 24 h.

As much as 100 µL of the prepared sample with various

concentrations (1.5625–100 µg/mL) was inserted to treat

cancer cells. The plate was incubated at 37°C in a CO2

incubator for 24 h. And then, PMS solution (10 mM PMS

solution and PBS (3 mg PMS + 1 mL PBS)) was prepared

and 10 µL of this solution was added in 4mL of XTT (4mg

of XTT dissolved in 4mL of 37°C cells culture medium).

After incubation, 25 µL of the XTT reagent (XTT/PMS

solution) was filled in each well. After this, it was incu-

bated for 2–4 h in a CO2 incubator at 37°C until the chan-

ging of the orange formazan. The next step was to read

the absorbance value at a wavelength of 450 nm using an

ELISA reader [19,20]. Each experiment was carried out in

triplicate, and the number of viable cells was calculated

using the following formula:

= −
−

×

% Cell viability

Absorbance of treatment Absorbance of media

Absorbance of negative control Absorbance of media

100%.

3 Results and discussion

3.1 Isolation of compounds and structure

elucidation

Nonpolar and semipolar fractions of S. aqueum (stem

bark) gave one bioactive compound each, Compound 1

and Compound 2. Structures of these compounds were

identified and elucidated using spectroscopic methods.

Compound 1 was acquired as white powder, [ ]α D
25-9,

m.p. 279–280°C. According to the HR-DART-MS spec-

trum, the molecular formula was C30H48O4, m/z 471.3462

[M–H]− (calc. mass for C30H48O4–H
−, m/z 471.3474). The

UV spectrum inMeOHwas displayed at λmax 182 nm. In the

FTIR spectrum (KBr), hydroxyl group (3,423 cm−1), sym-

metric and asymmetric sp3 C–H stretching (2,941–1,870 cm−1),

carbonyl acid group (1,699 cm−1), CH2 bending (1,456 cm−1),

and CH3 bending (1,381 cm−1) were recorded. The proton sig-

nals, both δH: 3.60ppm (H-2β) and δH: 2.89ppm (H-3α), were

suggested as carbinol methine protons, which coupled each

other according to the Double Quantum Filtered-COSY (DFQ-

COSY) experiment and relative configuration indicated trans

configuration due to the 9.6Hz coupling constant of H-3α.

Nuclear Overhauser Effect Spectroscopy (NOESY) cross-peaks

of H-3α and H-5α confirmed the presence of the trans-AB

ring. Six methyl protons possessed some Heteronuclear

Multiple Bond Correlation (HMBC) such as H-23 (δH:

0.99 ppm) and C-24 (δC: 15.8 ppm), H-24 (δH: 0.78 ppm)

and H-25 (δH: 0.92 ppm) and C-5 (δC: 55.2 ppm), H-26 (δH:

0.97 ppm) and C-7 (δC: 1.43 ppm), and H-27 (δH: 1.01 ppm)
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and C-14 (δC: 42.3 ppm). Two vinylic protons (H-29) were

observed at δH: 4.60 ppm and δH: 4.71 ppm. Their positions

were confirmed by HMBC between these two H-29 protons

with C-19 (δC: 47.1 ppm) and C-30 (δC: 18.2 ppm). Based on

HSQC experiments, two carbinol methine carbons (R2-

CH-OH) gave correlations H-2β-C-2 (δC: 68.4 ppm) and

H-3α–C-3 (δC: 83.0 ppm). A vinylic group was appeared

at δC: 108.7 ppm (C-29) and δC: 150.6 ppm (C-20) in the
13C NMR spectrum. The C-20 was supposed to be a qua-

ternary carbon of the olefinic system. And then, the C-29

was suggested as methylene carbon of the same olefinic

system (]CH2), which were connected by two protons

[δH: 4.60 ppm (H-29) and δH: 4.71 ppm (H-29)] through

the HSQC spectrum. Chemical shift of the carbonyl

group appeared at δC: 178.7 ppm (C-28) in the 13C NMR

spectrum. In the HMBC spectrum, C-28 showed correla-

tions with H-18 (δH: 1.61 ppm) and H-22 (δH: 1.43 ppm).

Furthermore, the positions of quaternary carbons were

verified based on the HMBC spectrum by observing the

correlations of H-23 and H-24 to C-4 (δC: 39.1 ppm), H-27

to C-8 (δC: 40.6 ppm), H-1 to C-10 (δC: 38.1 ppm), H-15 to

C-14 (δC: 42.3 ppm), and H-16 to C-17 (δC: 56.1 ppm). The

remaining peaks at δC: 27.7 ppm (C-23), 15.8 ppm (C-24),

16.5 ppm (C-25), 15.3 ppm (C-26), 13.7 ppm (C-27), and

18.2 ppm (C-30)were suggested as primary carbons through

Distortionless Enhancement byPolarizationTransfer (DEPT)

135 information. Moreover, six methyl carbons, ten methy-

lene carbons, sevenmethine carbons, and seven quaternary

carbonswere confirmedwith theDEPTexperiment (DEPT90

andDEPT 135). Therefore, Compound 1was verified as alphi-

tolic acid according to the above data. DQF-COSY (1H-1H),

NOESY (1H-1H), and HMBC (1H-13C) correlations of the struc-

ture are shown in Figure 1, aswell as spectral data of both 1H

NMR (600MHz, methanol-d4) with their coupling constant

and 13C NMR (150MHz, methanol-d4) were compared with

the literature data in Table 1.

Compound 2 was acquired as white powder, m.p.

338–340°C. The UV spectrum in MeOH appeared at λmax

220 nm. In FTIR spectra (KBr), hydroxyl group (3,371 cm−1),

asymmetric and symmetric sp3 C–H stretching vibration

(2,941 cm−1), carbonyl (COOH) group (1,693 cm−1), CH2 bending

(1,462 cm−1) and CH3 bending (1,388–1,365 cm−1), and C–O

stretching (1,049 cm−1)wereobserved. In the 1HNMRspectrum,

four carbinol protons were shown at δH: 3.68ppm (H-2β), δH:

3.35ppm (H-3α), δH: 3.27ppm (H-23), and δH: 3.50ppm (H-23).

The H-3α and H-2βwere coupled through the DQF-COSY spec-

trum. The trans configurationwas confirmed due to the 10.2Hz

coupling constant of H-3α and NOESY correlation of H-2β

and H-24β. Thus, H-23 was correlated to C-3 (δC: 76.8 ppm)

according to the HMBC spectrum. The olefinic protons

were shown at δH: 5.25 ppm (H-12) and coupled to H-11

(δH: 1.95 ppm) in the DQF-COSY spectrum. Moreover,

six methyl protons were appeared at δH: 0.70 ppm (H-

24), 1.03 ppm (H-25), 0.82 ppm (H-26), 1.18 ppm (H-27),

0.91 ppm (H-29), and 0.94 ppm (H-30). These methyl pro-

tons have correlations observed on the HMBC spectrum,

especially between H-24 and C-23 (δC: 65.0 ppm), H-26 and

C-8 (δC: 39.2 ppm) and C-14 (δC: 41.6 ppm), H-27 and C-8

(δC: 39.2 ppm), C-14 (δC: 41.6 ppm) and C-15 (δC: 27.4 ppm),

and H-29 and H-30 and C-20 (δC: 30.2 ppm). On the 13C

NMR spectrum, the three carbinol carbons were observed

at δC: 68.8 ppm (C-2), 76.8 ppm (C-3), and 65.0 ppm (C-23).

The carbons of C-2 and C-3 were identified as methine

alcohol (R2-CH-OH), and C-23 was suggested as methylene

alcohol (R-CH2-OH) according to DEPT (DEPT 135 and

DEPT 90) experiments. Chemical shifts at δC: 180.7 ppm

in the 13C NMR spectrum indicated the presence of the

carboxylic acid functional group (C-28), which was
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Figure 1: DQF-COSY, NOESY, and HMBC correlations of alphitolic acid from S. aqueum.
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Table 1: NMR spectra of alphitolic acid by comparing to literature

Position DEPT Experiment Literature [21]

δC (ppm) δH (ppm) {mult, J (Hz)} δC (ppm) δH (ppm) {mult, J (Hz)}

1 CH2 46.9 0.82 (1H, m) 46.5 — —

2.00 (1H, m)

2 CH 68.4 3.60 (1H, m) 68.6 3.46 (1H, dd, J = 4.0, 9.5 Hz)

3 CH 83.0 2.89 (1H, d, J = 9.6 Hz) 83.2 2.74 (1H, d, J = 9.5 Hz)

4 C 39.1 — 40.6 —

5 CH 55.2 0.82 (1H, m) 55.2 —

6 CH2 18.1 1.54 (1H, m) 18.2 —

1.43 (1H, m)

7 CH2 34.1 1.43 (2H, m) 34.1 —

8 C 40.6 — 39.2 —

9 CH 50.6 1.39 (1H, m) 50.3 —

10 C 38.1 — 38.2 —

11 CH2 20.8 1.43 (2H, m) 20.9 —

12 CH2 25.4 1.73 (1H, m) 25.3 1.52 (1H, m)

1.08 (1H, m) 1.64 (1H, m)

13 CH 38.2 2.32 (1H, m) 38.1 —

14 C 42.3 — 40.6 —

15 CH2 29.4 1.30 (1H, m) 30.4 —

1.15 (1H, m)

16 CH2 32.0 0.90 (2H, m) 32.1 —

17 C 56.1 — 56.1 —

18 CH 49.1 1.61 (1H, m) 48.1 —

19 CH 47.1 3.03 (1H, m) 48.9 2.86 (1H, m)

20 C 150.6 — 150.7 —

21 CH2 30.3 1.39 (2H, m) 29.5 —

22 CH2 36.7 1.91 (1H, m) 37.0 —

1.43 (1H, m)

23 CH3 27.7 0.99 (3H, s) 28.2 0.81 (3H, s)

24 CH3 15.8 0.78 (3H, s) 16.4 0.60 (3H, s)

25 CH3 16.5 0.92 (3H, s) 17.1 0.71 (3H, s)

26 CH3 15.3 0.97 (3H, s) 15.7 0.80 (3H, s)

27 CH3 13.7 1.01 (3H, s) 14.5 0.75 (3H, s)

28 COOH 178.7 — 179.3 —

29 CH2 108.7 4.60 (1H, s) 109.4 4.42 (1H, s)

4.71 (1H, s) 4.54 (1H, s)

30 CH3 18.2 1.70 (3H, s) 19.1 1.51 (3H, s)
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Figure 2: DQF-COSY, NOESY, and HMBC correlations of arjunolic acid from S. aqueum.
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correlated with H-18 (δH: 2.86 ppm) on the HMBC spec-

trum. The double bond carbons at positions C-12 and

C-13 were appeared at δC: 121.9 ppm (methine carbon)

and δC: 144.1 ppm (quaternary carbon). The remaining

quaternary carbon signals were shown at δC: 42.7 ppm

(C-4), 39.2 ppm (C-8), 41.6 ppm (C-14), 46.3 ppm (C-17),

and 30.2 ppm (C-20). Carbon signals at δC: 12.4 ppm

(C-24), 16.2 ppm (C-25), 16.4 ppm (C-26), 25.1 ppm (C-27),

32.1 ppm (C-29), and 22.6 ppm (C-30) were suggested as

primary carbons. The presence of eight quaternary carbons,

sixmethine carbons, tenmethylene carbons, and sixmethyl

carbons was also confirmed by the DEPT experiment.

According to the above data, the structure of Compound

2 was verified as arjunolic acid, and its molecular formula

was C30H48O5. DQF-COSY (1H–1H), NOESY (1H–1H), and

HMBC (1H–13C) correlations of the structure are demon-

strated in Figure 2. And then, the spectral data of both 1H

NMR (600MHz, methanol-d4)with their coupling constants

and 13C NMR (150MHz, methanol-d4) are shown in Table 2,

completed with the reported literature data.

Table 2: NMR spectra of arjunolic acid by comparing to literature

Position DEPT Experiment Literature [22]

δC (ppm) δH (ppm) (mult, J in Hz) δC (ppm) δH (ppm) (mult, J in Hz)

1 CH2 46.5 0.89 (1H, m) 47.8 —

1.95 (1H, m)

2 CH 68.8 3.68 (1H, m) 69.6 3.66 (1H, m)

3 CH 76.8 3.35 (1H, d, J = 10.2 Hz) 78.1 3.36 (1H, m)

4 C 42.7 — 43.0 —

5 CH 46.8 1.28 (1H, m) 48.3 —

6 CH2 17.7 1.39 (1H, m) 19.1 —

1.48 (1H, m)

7 CH2 32.0 1.28 (1H, m) 33.8 —

1.64 (1H, m)

8 C 39.2 — 40.7 —

9 CH 47.6 1.69 (1H, m) 48.1 —

10 C 37.7 — 38.5 —

11 CH2 23.2 1.95 (1H, m) 24.0 —

1.24 (1H, m)

12 CH 121.9 5.25 (1H, m) 123.4 5.23 (1H, m)

13 C 144.1 — 144.3 —

14 C 41.6 — 42.7 —

15 CH2 27.4 1.07 (1H, m) 29.1 —

1.78 (1H, m)

16 CH2 22.6 1.59 (1H, m) 24.4 —

2.24 (1H, m)

17 C 46.3 — 46.6 —

18 CH 41.4 2.86 (1H, dd, J = 3.9, 13.7 Hz) 43.3 —

19 CH2 45.9 1.13 2H (m) 44.1 —

20 C 30.2 — 31.6 —

21 CH2 33.5 1.39 (1H, m) 34.8 —

1.21 (1H, m)

22 CH2 32.5 1.75 (1H, m) 33.5 —

1.54 (1H, m)

23 CH2 65.0 3.50 (1H, d, J = 11.0 Hz) 66.2 3.50 (1H, s)

3.27 (1H, d, J = 11.0 Hz) 3.31 (1H, s)

24 CH3 12.4 0.70 (3H, s) 13.9 0.69 (3H, s)

25 CH3 16.2 1.03 (3H, s) 17.7 0.81 (3H, s)

26 CH3 16.4 0.82 (3H, s) 17.5 0.91 (3H, s)

27 CH3 25.1 1.18 (3H, s) 26.8 1.17 (3H, s)

28 COOH 180.7 — 181.8 —

29 CH3 32.1 0.91 (3H, s) 25.3 1.03 (3H, s)

30 CH3 22.6 0.94 (3H, s) 24.6 0.94 (3H, s)
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3.2 Anticancer activity

Isolated compounds in this study were evaluated their

anticancer activity against the human cancer cells as

HeLa (cervical cancer), T47D (breast cancer), and A549

(lung cancer) cell lines using MTT and XTT assays, which

are the colorimetric measurement of cell viability. In the

present anticancer activity test, doxorubicin was used as

the standard. The pure compound is deemed highly toxic

if the half-maximal inhibitory concentration (IC50) is

≤4 µg/mL and toxic if the IC50 is ≤20 µg/mL. The com-

pound is moderately toxic if the IC50 is 20–100 g/mL

and if IC50 above 100 g/mL is recommended as non-

toxic [23,24].

Based on anticancer activity data obtained, alphitolic

acid was suggested as a toxic compound against HeLa

and T47D cell lines, with IC50 being 16.12 µg/mL and

7.37 µg/mL, respectively. However, its activity against

the A549 cell line was presented as moderate inhibition

(IC50 = 84.41 µg/mL). Moreover, arjunolic acid with an

IC50 of 6.74 µg/mL was considered a toxic compound

against HeLa cell lines. Arjunolic acid was a moderate

compound against the T47D cancer cell line with an IC50
of 27.15 µg/mL, although it was a nontoxic compound

against the A549 cancer cell line. According to the data

mentioned earlier, the two types of triterpenoids inhib-

ited higher toxicity against HeLa and T47D cell lines

than the A549 cell line, and their activities may improve

to obtain the natural origin drug from this species. The

IC50 values of the two compounds are listed in Table 3.

Many terpene compounds have interesting bioactiv-

ities, so it is necessary to carry out other activity tests such

as agar-well diffusion methods to evaluate the minimum

inhibitory concentrations, minimumbactericidal concentra-

tion, IC50, and zone of inhibitions that could determine the

potential antimicrobial and antifungal efficacy. The sig-

nificant antioxidant potential could be evaluated through

1,1-diphenyl-2-picryl-hydrazyl and 2,2'-Azino-bis(3-ethyl-

benzothiazoline-6-sulfonic acid) (ABTS) assays. The inhi-

biting of the α-glucosidase represents an antidiabetic activity

that also could be visualized through molecular docking

simulations. The effective anti-inflammatory agent could

be determined via the carrageenan-induced assay, while

an appreciable analgesic activity could be observed through

the acetic acid-induced writhing bioassay [25].

4 Conclusion

This study reports the success of isolating two bioactive

triterpenoid compounds from stem bark of S. aqueum, an

Indonesian medicinal plant, namely alphitolic acid and

arjunolic acid. These two isolated triterpenoids were sig-

nificantly toxic against cervical cancer and breast cancer,

shown by small IC50 values. Based on this result, we

recommended continuing exploring the potential of this

plant so that it can be used as a source of secondary

metabolite compounds with interesting bioactivity.

Acknowledgments: All authors express big thanks to the

Indonesian Ministry of Education and Culture for the

Research Grant (Penelitian Dasar, 2021), to the Faculty

of Pharmacy, Meijo University, Tempaku, Nagoya, Japan,

for NMR and MS data, to the Faculty of Pharmacy, Gajah

Mada University, Indonesia, and the Faculty of Science,

UPM, Malaysia for an anticancer test.

Funding information: This work was supported by the

Indonesian Ministry of Education and Culture for the

Research Grant (Penelitian Dasar, 2021).

Author contributions: Alfinda Novi Kristanti: conceptua-

lization, formal analysis, funding acquisition, investigation,

resources, supervision, andwriting– review and editing; Ei Ei

Aung: data curation, formal analysis, investigation, project

administration, validation, visualization, and writing– ori-

ginal draft; Nanik Siti Aminah: conceptualization, formal ana-

lysis, funding acquisition, methodology, resources, and

supervision; Yoshiaki Takaya: data curation, resources,

software, validation, and visualization; Hnin Thanda Aung:

data curation, formal analysis, methodology, and supervi-

sion; and Rico Ramadhan: data curation, formal analysis,

software, and validation.

Conflict of interest: Authors state no conflict of interest.

Ethical approval: The conducted research is not related to

either human or animal use.

Table 3: Anticancer activity against HeLa, T47D, and A549 cell lines

Compound name MTT assay (IC50 ± SD

µg/mL)

XTT assay (IC50 ±

SD µg/mL)

HeLa T47D A549

Alphitolic acid 16.12

± 0.681

7.37

± 0.388

84.41 ± 0.048

Arjunolic acid 6.74

± 0.015

27.51

± 0.036

168.22 ± 0.090

Doxorubicin 2.67

± 0.25

0.035

± 0.012

NT

The meaning of NT is not test, SD = standard deviation.
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