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Evidence-Based Complementary and Alternative Medicine (eCAM) is an international, peer-reviewed journal that seeks to understand the sources and to encourage rigorous research in this
new, yet ancient world of complementary and alternative medicine. The journal seeks to apply scienti�c rigor to the study of complementary and alternative medicine (CAM) modalities,
particularly traditional Asian healing systems. eCAM emphasizes health outcome, while documenting biological mechanisms of action. The journal is devoted to the advancement of science
in the �eld of basic research, clinical studies, methodology or scienti�c theory in diverse areas of Biomedical Sciences. The journal does not consider articles on homeopathy.
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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 scienti�c discussion an average article of the

Total Documents

Evolution of the number of published documents. All types

of documents are considered, including citable and non

citable documents.

Year Documents

2005 79
2006 73
2007 83
2008 72

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) 2005 0.000
Cites / Doc. (4 years) 2006 2.937
Cites / Doc. (4 years) 2007 2.599
Cites / Doc. (4 years) 2008 2.379
Cites / Doc. (4 years) 2009 2.515
Cites / Doc. (4 years) 2010 2.431
Cites / Doc. (4 years) 2011 4.054
Cites / Doc. (4 years) 2012 2.569
Cites / Doc. (4 years) 2013 2.727
Cites / Doc. (4 years) 2014 2.450

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

Self Cites 2005 0

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.

Cites Value

% 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

2005 11.39
2006 19.18

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.

Documents Year Value

Non-citable documents 2005 0

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 2005 0
Uncited documents 2006 19
Uncited documents 2007 40
Uncited documents 2008 76
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• VIJAYA ANAND, BHARATHIAR UNIVERSITY, India
• Smail Aazza, Laboratory of Physiology-Pharmacology-Environmental Health, Faculty

of Sciences Dhar El Mehraz, BP 1796 Atlas, University Sidi Mohamed Ben Abdallah,
Fez 30 000, Morocco

• Nahla S. Abdel-Azim, Chemistry of Medicinal Plants Department National Research
Centre , Egypt

• Essam A. Abdel-Sattar , Cairo University, Egypt
• Mona Abdel-Tawab, Central Laboratory of German Pharmacists, Germany
• Usama Ramadan Abdelmohsen, Univ Wurzburg, Julius von Sachs Inst Biol Sci, Dept

Bot 2, Julius von Sachs Platz 3, D-97082 Wurzburg, Germany, Germany
• Azian Azamimi Abdullah , Universiti Malaysia Perlis, Malaysia
• Ana Lúcia Abreu-Silva , Departamento de Patologia, Universidade Estadual do

Maranhão, São Luís, Maranhão, Brazil, Brazil
• Gustavo J. Acevedo-Hernández, Universidad de Guadalajara, Mexico
• Mohd Adnan , University of Hail, Saudi Arabia
• Jose C Adsuar , Faculty of Sport Science, University of Extremadura, Spain
• Gabriel A. Agbor , Institute of Medical Research and Studies on Medicinal Plants,

Cameroon
• Sayeed Ahmad, Jamia Hamdard, India
• Wan Mohd Aizat, Institute of Systems Biology (INBIOSIS), Universiti Kebangsaan

Malaysia, 43600 UKM Bangi, Selangor, Malaysia, Malaysia
• Basiru Ajiboye , Federal University, Oye-Ekiti, Nigeria
• Bushra Akhtar, Department of Pharmacy, University of Agriculture Faisalabad,

Pakistan, Pakistan
• Muhammad Furqan Akhtar, Riphah International University, Pakistan
• Fahmida Alam , Human Genome Centre, School of Medical Sciences, Universiti

Sains Malaysia, 16150 Kubang Kerian, Kelantan, Malaysia, Malaysia
• Mohammad Jahoor Alam, University of Ha'il, Saudi Arabia
• Ulysses Paulino Albuquerque , Universidade Federal Rural de Pernambuco, Brazil
• Mohammed S. Ali-Shtayeh , Biodiversity and Environmental Research Center,

Palestinian Authority
• Ekram Alias, Universiti Kebangsaan Malaysia, Malaysia
• Terje Alraek , Univeristy of Tromso, Norway
• Sergio R. Ambrosio, University of Franca, Brazil
• Samson Amos, Cedarville University , USA
• Won G. An , Division of Pharmacology, School of Korean Medicine, Pusan National

University, Republic of Korea
• Adolfo Andrade-Cetto , Laboratorio de EtnofarmacologíaFacultad de

CienciasUniversidad Nacional Autónoma de México, Mexico
• Isabel Andújar, Universitat de València, Spain
• Letizia Angiolella , Sapienza Università di Roma, Italy
• Makoto Arai , Chiba University, Japan
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• Daniel Arcanjo , Universidade Federal do Piauí, Brazil
• Duygu AĞAGÜNDÜZ, GAZİ UNIVERSITY, Turkey
• Neda Baghban, Bushehr University of Medical Sciences, Iran
• Winfried Banzer, Goethe University Frankfurt, Germany
• Ahmed Bari, King Saud University, Saudi Arabia
• Sabina Barrios Fernández , University of Extremadura, Spain
• Samra Bashir , The Aga Khan University, Pakistan
• Rusliza Basir , Universiti Putra Malaysi, Malaysia
• Jairo Kenupp Bastos , University of São Paulo, Brazil
• Arpita Basu , University of Nevada Las Vegas, USA
• Daniela Beghelli , Università degli Studi di Camerino, Italy
• Mateus R. Beguelini, Center of Biological and Health Science UFOB - Universidade

Federal do Oeste da Bahia , Brazil
• Olfa Ben Braiek , University of Monastir, Tunisia
• Juana Benedí, Universidad Complutense de Madrid, Spain
• Roberta Bernardini , Centro Servizi Interdipartimentale-STA, University of Rome

“Tor Vergata”, Rome, Italy
• Andresa A. Berretta , Universidade de São Paulo, Brazil
• Monica Borgatti , Ferrara University, Italy
• Francesca Borrelli , University of Naples Federico II, Italy
• Samira Boulbaroud, Sultan Moulay Slimane University Beni Mellal , Morocco
• Mohammed Bourhia , Faculty of Medicine and Pharmacy, University Hassan II,

Casablanca 20000, Morocco, Morocco
• Abdelhakim Bouyahya, Mohammed V University in Rabat, Morocco
• Célia Cabral , Universidade de Coimbra, Coimbra, Portugal
• Nunzio Antonio Cacciola, University of Naples Federico II, Italy
• Gioacchino Calapai , Università degli Studi di Messina, Italy
• Giuseppe Caminiti , San Raffaele Scienti�c Institute, Italy
• Francesco Cardini , Healthcare and social Agency of Emilia Romagna Region, Italy
• María C. Carpinella , Catholic University of Córdoba, Argentina
• Isabella Cavalcanti , CAV-UFPE, Brazil
• Shun-Wan Chan , Technological and Higher Education Institute of Hong Kong,

Hong Kong
• Harish Chandra, Department of Medicinal and Aromatic Plant High Altitude Plant

Physiology Research Centre H.N.B. Garhwal University (A Central University), India
• Wen-Dien Chang , National Taiwan University of Sport, Taiwan
• Calvin Yu-Chian Chen , Sun Yat-sen University, China
• Guang Chen, Department of Integrative Traditional Chinese and Western Medicine

Tongji Hospital Tongji Medical College, China
• Jianping Chen , Shenzhen Traditional Chinese Medicine Hospital, the Fourth

Clinical Medical College of Guangzhou University of Chinese Medicine, China
• Kevin Chen, University of Maryland Medical Center, USA
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• Mei-Chih Chen, National Chung Hsing University, Taiwan
• Xiaojia Chen , Universidade de Macau, Macau
• Evan P. Cherniack , University of Miami, USA
• Ching-Chi Chi , Chang Gung Memorial Hospital, Chiayi, Taiwan
• Giuseppina Chianese, University of Naples Federico II, Italy
• Kok-Yong Chin , Pharmacology Department, Universiti Kebangsaan Malaysia

Medical Centre, Jalan Yaacob Latif , Malaysia
• Lin China, Shenzhen Bao’an District Traditional Chinese Medicine Hospital, The

Af�liated Hospital of Guangzhou University of Chinese Medicine, China
• I. Chinou , Division of Pharmacognosy and Chemistry of Natural ProductsSchool of

PharmacyUniversity of Athens, Greece
• Salvatore Chirumbolo , University of Verona, Italy
• Hwi-Young Cho , Department of Physical Therapy, College of Health Science,

Gachon University, Republic of Korea
• Jeong June Choi , Daejeon University Laboratory of Molecular Medicine College of

Korean Medicine, Republic of Korea
• Jun-Yong Choi, Korean Medicine Hospital, Pusan National University , Republic of

Korea
• Seung Hoon Choi, Department of Medicine Consilience of Dankook University,

Republic of Korea
• Kathrine Bisgaard Christensen , University College Absalon, Denmark
• Shuang-En Chuang, National Health Research Institutes, Taiwan
• Ying-Chien Chung , Department of Biological Science and Technology, China

University of Science and Technology, Taiwan
• Francisco José Cidral-Filho, Laboratória de Neurobiologia da Dor e Inflamação,

Departamento de Ciências Fisiológicas, Centro de Ciências Biológicas, Universidade
Federal de Santa Catarina, Campus Universitário, Trindade, Florianópolis 88040-900,
SC, Brasil., Brazil

• Ian Cock , Grif�th University, Australia
• Guy Cohen, Dead sea and Arava regional research center, Israel
• Daniel Collado-Mateo , University of Extremadura, Spain
• Marisa Colone , Istituto Superiore di Sanità, Italy
• Lisa A. Conboy , Harvard Medical School, USA
• Kieran Cooley , Canadian College of Naturopathic Medicine, Canada
• Edwin L. Cooper , University of California, Los Angeles, USA
• José Otávio do Amaral Corrêa, Universidade Federal de Juiz de Fora, Brazil
• Maria T. Cruz , University of Coimbra, Portugal
• Huantian Cui, Shandong University, China
• Roberto K. N. Cuman , State University of Maringá, Brazil
• Giuseppe D'Antona , Università degli studi di Pavia, Italy
• Ademar A. Da Silva Filho , Universidade Federal de Juiz de Fora, Brazil
• Chongshan Dai , Department of Pharmacology and Toxicology, College of
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Veterinary Medicine, China Agricultural University, P.R., China
• Nawab Dar, University of Texas Health Sciences center at San Antonio TX USA, USA
• Vincenzo De Feo , University of Salerno, Italy
• Laura De Martino, University of Salerno, Italy
• Josué De Moraes, Núcleo de Pesquisa em Doenças Negligenciadas, Universidade

Guarulhos, Brazil
• Arthur De Sá Ferreira , Augusto Motta University Center, Brazil
• Nunziatina De Tommasi , Università degli Studi di Salerno, Italy
• Rocío De la Puerta , Universidad de Sevilla, Spain
• Marinella De leo, Università di Pisa, Italy
• Gourav Dey, Institute of Bioinformatics International Technology Park , India
• Dinesh Dhamecha, Department of Biomedical and Pharmaceutical Sciences,

University of Rhode Island College of Pharmacy, Kingston, USA
• Claudia Di Giacomo , University of Catania, Italy
• Antonella Di Sotto , Sapienza University, Italy
• Gabriel O. Dida, Department of Vector Ecology and Environment, Institute of Tropical

Medicine, Nagasaki University, Japan
• Mario Dioguardi, , Italy
• Vishal Diwan, Univ of Queensland, Australia
• Shizheng Du , School of Nursing, Nanjing University of Chinese Medicine, Nanjing,

China, China
• Lin-Rui Duan, Northwest University, China
• Jeng-Ren Duann , University of California San Diego, USA
• Nativ Dudai, Agricultural Research Organization, Israel
• Thomas Efferth , Johannes Gutenberg University, Germany
• Abir El-Alfy, Associate Professor - Biopharmaceutical Sciences Department, USA
• Mohamed Ahmed El-Esawi , Botany Department, Faculty of Science, Tanta

University, Egypt
• Mohd Ramli Elvy Suhana, Department of Anatomy, Faculty of Medicine, Universiti

Kebangsaan Malaysia, Kuala Lumpur, Malaysia
• Talha Bin Emran, Laboratory of Vaccinology and Applied Immunology Kanazawa

University School of Pharmacy Kanazawa University, Japan
• Roger Engel , Macquarie University, Australia
• Karim Ennouri , Technopark of Sfax, Tunisia
• Giuseppe Esposito , University of Rome "La Sapienza", Italy
• Tahereh Eteraf-Oskouei, Faculty of Pharmacy, Tabriz University of Medical Sciences,

Iran
• Mohammad Faisal, King Saud University, Saudi Arabia
• Sharida Fakurazi , Universiti Putra Malaysia, Malaysia
• Robson Xavier Faria , Fiocruz, Brazil
• Mohammad Fattahi , Department of Horticulture Faculty of Agriculture Urmia

University, Iran
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• Keturah R. Faurot , University of North Carolina at Chapel Hill, USA
• Piergiorgio Fedeli, University of Camerino, Italy
• Nianping Feng , Shanghai University of Traditional Chinese Medicine, China
• Yibin Feng , The University of Hong Kong, Hong Kong
• Glaura Fernandes, Biological Sciences Center UEL-State University of Londrina,

Brazil
• Laura Ferraro, Università degli Studi di Palermo, Palermo, Italy
• Antonella Fioravanti , University of Siena, Italy
• Johannes Fleckenstein, Goethe Universitat, Germany
• Carmen Formisano, Università degli Studi di Napoli Federico II, Italy
• Harquin Simplice Foyet , University of Maroua, Cameroon
• Hua-Lin Fu, Department of Instrument Science and Engineering Key Laboratory for

Thin Film and Microfabrication of the Ministry of Education Institute of Nano
Biomedicine and Engineering, China

• Huiying Fu , Second Af�liated Hospital, The Second Clinical Medical College,
Zhejiang University of Traditional Chinese Medicine, Hangzhou 310005, China, China

• Liz G Müller , Programa de Pós-Graduação em Ciências Farmacêuticas,
Universidade Federal do Rio Grande do Sul, Brazil

• Jianming GUO, Nanjing University of Chinese Medicine, China
• Dolores García Giménez, University of Seville, Spain
• Gabino Garrido , Universidad Católica del Norte, Chile
• Safoora Gharibzadeh, Pasteur Institute of Iran, Department of Epidemiology and

Biostatistics, Research Centre for Emerging and Reemerging Infectious Diseases,
Tehran, Iran., Iran

• Muhammad N. Ghayur , UPike, Pikeville, KY, USA, USA
• Roxana Ghiulai, Department of Pharmaceutical Chemistry “Victor Babes“ University

of Medicine and Pharmacy Timi?oara, Romania
• Angelica Gomes, Universidade Federal do Triangulo Mineiro, Brazil
• Elena González-Burgos, Department of Pharmacology, Faculty of Pharmacy,

Complutense University of Madrid, Spain
• Susana Gorzalczany , Universidad de Buenos Aires, Argentina
• Sebastian Granica, Medical University of Warsaw, Poland
• Jiangyong Gu , School of Basic Medical Science, Guangzhou University of Chinese

Medicine, China
• Maruti Ram Gudavalli , Palmer Center for Chiropractic Research, USA
• Hai-dong Guo , Shanghai University of Traditional Chinese Medicine, China
• Jian-You Guo , CAS Key Laboratory of Mental Health, Institute of Psychology,

Chinese Academy of Sciences, Beijing 100101, China
• Shanshan Guo, Beijing Key Laboratory of Traditional Chinese Medicine Protection

and Utilization Faculty of Geographical Science Beijing Normal University, China
• Shuzhen Guo , Beijing university of Chinese Medicine, China
• Zihu Guo, Northwest A&F University, China
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• Narcís Gusi , Faculty of Sport Science Departamento de Didáctica de la Expresión
Musical Plástica y Corporal, Spain

• Svein Haavik, University of Bergen, Norway
• Fernando Hallwass, Universidade Federal de Pernambuco, Brazil
• Gajin Han , Kyung Hee University, Republic of Korea
• Ihsan Ul Haq, Quaid-i-Azam University, Islamabad, Pakistan
• Md. Areeful Haque, International Islamic University Chittagong, India
• Hicham Harhar , Université Mohammed V, Morocco
• Mohammad Hashem Hashempur , Research Center for Traditional Medicine and

History of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran., Iran
• Muhammad Ali Hashmi , Department of Chemistry, University of Education, Attock

Campus, Attock 43600, Pakistan, Pakistan
• Waseem Hassan , China Pharmaceutical University&Bahauddin Zakariya

University, Pakistan
• Sandrina A. Heleno, Laboratory of Separation and Reaction Engineering – Laboratory

of Catalysis and Materials (LSRE-LCM) Polytechnic Institute of Bragança Campus
Santa Apolónia, Portugal

• Pablo Herrero, University of Zaragoza, Spain
• Soon S. Hong , Department of Internal Medicine University of Ulsan College of

Medicine , Republic of Korea
• Md. Akil Hossain , College of Veterinary Medicine, Kyungpook National University,

Republic of Korea
• Muhammad Jahangir Hossen , Patuakhali Science & Technology University,

Bangladesh
• Shih-Min Hsia , School of Nutrition and Health Sciences, Taipei Medical University,

Taipei, Taiwan
• Changmin Hu , The National Key Laboratory of Agricultural Microbiology, China
• Sen Hu , Burns Institute Chinese PLA General Hospital, China
• Tao Hu , West China Hospital of Stomatology, State Key Laboratory of Oral

Diseases, Sichuan University, China
• Weicheng Hu, Huaiyin Normal University, China
• Wen-Long Hu, Kaohsiung Chang Gung Memorial Hospital, Taiwan
• Xiao-Yang (Mio) Hu, University of Southampton, United Kingdom
• Sheng-Teng Huang , Research Cancer Center for Traditional Chinese Medicine

Department of Medical Research China Medical University Hospital, Taiwan
• Ciara Hughes , Ulster University, Ireland
• Attila Hunyadi , University of Szeged, Hungary
• Dr. Liaqat Hussain, Government College University Faisalabad Pakistan, Pakistan
• Tarique Hussain , Pakistan Institute of Engineering and Applied Sciences (PIEAS),

Pakistan
• Maria-Carmen Iglesias-Osma , Department of Physiology and Pharmacology,

Faculty of Medicine, University of Salamanca, Spain
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• Elisha R. Injeti, Department of Pharmaceutical Sciences School of Pharmacy
Cedarville University, USA

• H. Stephen Injeyan , Canadian Memorial Chiropractic College , Canada
• Amjad Iqbal , Abdul Wali Khan University Mardan, Pakistan
• Chie Ishikawa , University of the Ryukyus, Japan
• Angelo A. Izzo, University of Naples Federico II, Italy
• Mohieddin Jafari , Faculty of Medicine, University of Helsinki, 00270 Helsinki,

Finland
• Satveer Jagwani, Harvard Medical School, USA
• Rana Jamous , Biodiversity & Environmental Research Center, Palestinian

Authority
• Muhammad Saeed Jan, Department of Pharmacy, University of Swabi, Pakistan
• G. K. Jayaprakasha, Texas A&M University, USA
• Kamani Ayoma Perera Wijewardana Jayatilaka , University of Ruhuna, Sri Lanka
• Kyu Shik Jeong, Department of Veterinary PathologyCollege of Veterinary

MedicineKyungpook National University, Republic of Korea
• Qing Ji , Department of Medical Oncology, Shuguang Hospital, Shanghai University

of Traditional Chinese Medicine, China
• Hualiang Jin , the First People's Hospital of Hangzhou, China
• Yanxia Jin, Department of Hematology, Zhongnan Hospital, Wuhan University,

Wuhan,Hubei Province 430071, China, China
• Leopold Jirovetz , University of Vienna, Austria
• Jeeyoun Jung , Korea Institute of Oriental Medicine, Republic of Korea
• Won-Kyo Jung, Department of Biomedical Engineering, and Center for Marine-

Intergrated Biomedical Technology (BK21 Plus) Pukyong National University, Republic
of Korea

• Atul Kabra , Chandigarh University, India
• Sleman Kadan, Qasemi Research Center- Al-Qasemi Academic College, Israel
• Takahide Kagawa , Forestry and Forest Products Research Institute, Japan
• Nurkhalida Kamal, Nurkhalida Kamal, Institute of System Biology (INBIOSIS)

Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia, Saint Vincent
and the Grenadines

• Atsushi Kameyama , Tokyo Dental College, Japan
• Kyungsu Kang, Gangneung Institute of Natural Products, Korea Institute of Science

and Technology, Republic of Korea
• Wenyi Kang , Henan University, China
• Shao-Hsuan Kao , Chung Shan Medical University, Taiwan
• Juntra Karbwang , Nagasaki University, Japan
• Nasiara Karim , Department of Pharmacy University of Malakand, Pakistan
• Morimasa Kato , Department of Health and Nutrition Yamagata Prefectural

Yonezawa University of Nutrition Sciences , Japan
• Deborah A. Kennedy , The Canadian College of Naturopathic Medicine, Canada
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• Asaad Khalid Khalid , Jazan University, Saudi Arabia
• Haroon Khan , Abdul Wali Khan University Mardan, Pakistan
• Washim Khan, University of Mississippi, USA
• Bonglee Kim , Kyung Hee University, Republic of Korea
• Dong Hyun Kim , Inje University College of Medicine, Republic of Korea
• Jin-Kyung Kim, Department of Biomedical Science, College of Natural Science,

Catholic University of Daegu , Republic of Korea
• Junghyun Kim , Chonbuk National University, Republic of Korea
• Kibong Kim , Department of Korean Pediatrics, Hospital of Korean Medicine, Pusan

National University, Republic of Korea
• Kyungho Kim, , Republic of Korea
• Youn-Chul Kim , Wonkwang University, Republic of Korea
• Yun Jin Kim , Xiamen University Malaysia, Malaysia
• Woojin Kim , Kyung Hee University, Republic of Korea
• Yoshiyuki Kimura , Ehime University, Japan
• Nebojša Kladar , , Serbia
• Mi Mi Ko , Korea Institute of Oriental Medicine, KM Fundamental Research Division,

Republic of Korea
• Toshiaki Kogure , Gunma Central & General Hospital, Japan
• Jian Kong , Massachusetts General Hospital, USA
• Malcolm Koo , Tzu Chi University of Science and Technology, Taiwan
• Yu-Hsiang Kuan , Department of Pharmacology, School of Medicine, Chung Shan

Medical University, Taiwan
• Robert Kubina , Department of Pathology, Faculty of Pharmaceutical Science,

Medical University of Silesia, ul. Ostrogorska 30, 41-200 Sosnowiec, Poland
• Omer Kucuk , Emory University, USA
• Woon-Man Kung , Taipei Tzu Chi Hospital, New Taipei City, Taiwan
• Chan-Yen Kuo , Department of Research, Taipei Tzu Chi Hospital, Buddhist Tzu Chi

Medical Foundation, Taiwan
• Joey S. W. Kwong, Clinical Research and Evaluation Unit Chinese Evidence-Based

Medicine Center West China Hospital, China
• Kuang C. Lai , China Medical University Taichung, Taiwan
• Fanuel Lampiao, Department of Basic Medical Sciences Division of Physiology

College of Medicine , Malawi
• Ilaria Lampronti , University of Ferrara, Italy
• Chou-Chin Lan , Taipei Tzu Chi Hospital Buddhist Tzu Chi Medical Foundation

Division of Pulmonary Medicine, Taiwan
• Mario Ledda , Consiglio Nazionale delle Ricerche, Italy
• Byung-Cheol Lee , Kyung Hee University, Republic of Korea
• Dong-Sung Lee, College of Pharmacy, Chosun University, Republic of Korea
• Gihyun Lee , Dongshin University, Republic of Korea
• Harry Lee, Chinese Univ Hong Kong, Dept Geog & Resource Management, Hong Kong
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999077, Peoples R China, China
• Jeong-Sang Lee, Department of Functional Food and Biotechnology College of

Medical Science Jeonju University, Republic of Korea
• Ju Ah Lee , Medical Research Division, Korea Institute of Oriental Medicine, 1672

Yuseongdae-ro, Yuseong-gu, Daejeon 305-811, Republic of Korea, Republic of Korea
• Kyu Pil Lee, Department of Physiology College of Veterinary Medicine Chungnam

National University, Republic of Korea
• Namhun Lee , Liver and Immunology Research Center, 22-5, Daeheung-dong Jung-

gu , Daejeon 301-724, Korea, Republic of, Republic of Korea
• Sang Yeoup Lee , Family Medicine, Pusan National University Yangsan Hospital and

Pusan National University School of Medicine, Republic of Korea
• Yun Jung Lee , Wonkwang University, Republic of Korea
• Ankita Leekha, University of Houston, USA
• Christian Lehmann , Dalhousie University, Canada
• Marivane Lemos, School of Pharmaceutical Sciences of Ribeirão Preto, University of

São Paulo - Department of Pharmaceutical Sciences, Brazil
• George B. Lenon , RMIT University, Australia
• Marco Leonti, Università di Cagliari, Italy
• Chun-Guang Li , Western Sydney University, Australia
• Hua Li , The Fourth Military Medical University, China
• Min Li, The Second Military Medical University, China
• Xing Li , Shaanxi Normal University, China
• XiuMin Li, The Icahn School of Medicine at Mount Sinai, Armenia
• Xuqi Li , Department of General Surgery, First Af�liated Hospital of Medical College,

Xi’an Jiaotong University, China
• Yi-Rong Li , Changhau Christian Hospital, Taiwan
• Yu-cui Li , School of Chinese Materia Medica, Guangzhou University of Chinese

Medicine, China
• Xi-Wen Liao, Department of Hepatobiliary Surgery First Af�liated Hospital Guangxi

Medical University, China
• Vuanghao Lim, Universiti Sains Malaysia, Malaysia
• Bi-Fong Lin, National Taiwan University, Taiwan
• Ho Lin , National Chung Hsing University, Taiwan
• Shih-Chao Lin, National Taiwan Ocean University, Taiwan
• Shuibin Lin, Sun Yat-sen University, China
• Chian-Jiun Liou , Department of Nursing Research Center for Chinese Herbal

Medicine Chang Gung University of Science and Technology, Taiwan
• Kuo-Tong Liou , Chinese Culture University, Taiwan
• Gerhard Litscher , Medical University of Graz, Austria
• I-Min Liu, Tajen University, Taiwan
• Jingping Liu , Key Laboratory of Transplant Engineering and Immunology, China
• Suhuan Liu , 1.Xiamen Diabetes Institute, The First Af�liated Hospital of Xiamen
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University, Xiamen 361003, China 2.Central Laboratory, The First Af�liated Hospital of
Xiamen University, Xiamen 361003, China, China

• Xiaosong Liu , University of Sunshine Coast, Australia
• Yujun Liu , National Engineering Laboratory for Tree Breeding College of Biological

Sciences and Biotechnology Beijing Forestry University, China
• Emilio Lizarraga, National University of Tucumán, Argentina
• Monica Loizzo , Università della Calabria, Italy
• Nguyen Phuoc Long, Inje University College of Medicine, Republic of Korea
• Víctor López , Universidad San Jorge, Spain
• Zaira López , Universidad de Guadalajara, Mexico
• Chunhua Lu , china, China
• Ângelo Luís, University of Beira Interior, Covilhã, Portugal
• Anderson Luiz-Ferreira , Federal University of Goiás, Brazil
• Jian-Guang Luo , State Key Laboratory of Natural Medicines Department of Natural

Medicinal Chemistry China Pharmaceutical University, China
• Ivan Luzardo Luzardo-Ocampo, Universidad Nacional Autonoma de Mexico, Mexico
• Zheng-tao Lv , Department of Orthopedics, Tongji Hospital, Tongji Medical College,

Huazhong University of Science and Technology,Wuhan, China, China
• Michel Mansur Machado , Federal University of Pampa, Brazil
• Filippo Maggi , University of Camerino,, Italy
• Jamal A. Mahajna, Migal Galilee Technology Center , Israel
• Juraj Majtan , Institute of Molecular Biology, Slovak Academy of Sciences, Slovakia
• Toshiaki Makino , Nagoya City University, Japan
• Nicola Malafronte, Università di salerno, Italy
• Giuseppe Malfa, Department of Drug Science - Biochemistry Section, University of

Catania, Italy
• Francesca Mancianti , University of Pisa, Italy
• Subashani Maniam , Monash University, Wellington Road, Victoria 3800, Australia,

Australia
• Carmen Mannucci , University of Messina, Italy
• Arroyo-Morales Manuel , University of Granada, Spain
• Juan M. Manzaneque , University of Malaga, Spain
• Fatima Martel , Universidade do Porto, Portugal
• Simona Martinotti , University of Piemonte Orientale, Italy
• Carlos H. G. Martins , Federal University of Uberlandia, Brazil
• Stefania Marzocco , University of Salerno, Italy
• Maulidiani Maulidiani, Faculty of Science and Marine Environment, Universiti

Malaysia Terengganu, Malaysia, Malaysia
• Andrea Maxia , Università degli Studi di Cagliari, Italy
• Avijit Mazumder, NIET, Dept. of Pharm. Tech. 19, Knowledge park -II, Greater Noida,

UP, India
• Isac Medeiros , Universidade Federal da Paraíba, Brazil
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• Ahmed Mediani , Institute of Systems Biology (INBIOSIS), Universiti Kebangsaan
Malaysia, Selangor, Malaysia

• Lewis Mehl-Madrona, Union Institute and University, USA
• Ayikoé Guy Mensah-Nyagan , Université de Strasbourg, France
• Oliver Micke , Franziskus Hospital, Germany
• Maria G. Miguel , Universidade do Algarve, Portugal
• Luigi Milella , Università degli Studi della Basilicata, Italy
• Roberto Miniero , Magna Graecia di Catanzaro, Italy
• Letteria Minutoli, University of Messina, Italy
• Prashant Modi , Yenepoya University, India
• Daniel Kam-Wah Mok, State Key Laboratory of Chinese Medicine and Molecular

Pharmacology, Department of Applied Biology and Chemical Technology, The Hong
Kong Polytechnic University, Hong Kong, China, Hong Kong

• Chaowalit Monton , Rangsit University, Thailand
• Changjong Moon , College of Veterinary Medicine Chonnam National University,

Republic of Korea
• Albert Moraska, University of Colorado Anschutz Medical Campus, USA
• Mark Moss , Northumbria University, United Kingdom
• Yoshiharu Motoo , Kanazawa Medical University, Japan
• Yoshiki Mukudai , Showa University, Japan
• Sakthivel Muniyan, University of Nebraska Medical Center, USA
• Laura Muñoz-Bermejo, University of Extremadura, Spain
• Saima Muzammil , Government College University, Pakistan
• Benoit Banga N'guessan , Department of Pharmacology & Toxicology, School of

Pharmacy, College of Health Sciences, University of Ghana, Ghana
• Massimo Nabissi , University of Camerino, Italy
• Siddavaram Nagini, Department of Biochemistry and BiotechnologyFaculty of

ScienceAnnamalai University , India
• Takao Namiki , Chiba University Faculty of Medicine, Japan
• Srinivas Nammi , Western Sydney University, Australia
• Krishnadas Nandakumar , Department of Pharmacology, Manipal College of

Pharmaceutical Sciences, Manipal Academy of Higher Education, Manipal -576104,
India

• Vitaly Napadow , Martinos Center, USA
• Edoardo Napoli, Istituto di Chimica Biomolecolare - Consiglio Nazionale delle

Ricerche, Italy
• Derek Tantoh Ndinteh , Department of Chemistry, Rhodes University,

Grahamstown, South Africa
• Pratibha V. Nerurkar , University of Hawaii, USA
• Jorddy Neves Cruz, Embrapa Amazônia Oriental and Federal University of Pará,

Belém, Brazil, Brazil
• Marcello Nicoletti , University of Roma Sapienza, Italy
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• Eliud Nyaga Mwaniki Njagi, Department of Biochemistry and Biotechnology
Kenyatta University , Kenya

• Cristina Nogueira , Universidade Federal de Santa Maria, Brazil
• Sakineh Kazemi Noureini, Deptartment of Biology, Faculty of Basic Sciences, Hakim

Sabzevari University , Iran
• Rômulo Dias Novaes, Institute of Biomedical Sciences, Department of Structural

Biology, Federal University of Alfenas, Alfenas, Minas Gerais, Brazil, Brazil
• Martin Offenbaecher , Ludwig Maximilian University of Munich, Germany
• Oluwafemi Adeleke Ojo , Landmark University, Omu-Aran, Nigeria
• Olufunmiso Olusola Olajuyigbe , Department of Microbiology, Babcock University,

Nigeria
• Luís Flávio Oliveira, Universidade Federal do Pampa, Brazil
• Mozaniel Oliveira , Museu Paraense Emílio Goeldi, Brazil
• Atolani Olubunmi , Chemical Sciences Department, Redeemer's University,

Nigeria, Nigeria
• Abimbola Peter Oluyori , Landmark University, Nigeria
• Timothy Omara, University of Natural Resources and Life Sciences, Vienna, Uganda
• Vahidreza Ostadmohammadi , Research Center for Biochemistry and Nutrition in

Metabolic Diseases Kashan University of Medical Sciences, Kashan, Iran, Iran
• Chiagoziem Anariochi Otuechere , Redeemer's University, Mowe, Ogun State,

Nigeria
• Mustafa Ozyurek , Istanbul University - Cerrahpaşa, Engineering Faculty,

Department of Chemistry, Turkey
• Ester Pagano , University of Naples, Italy
• Sokcheon Pak , Charles Sturt University, Australia
• Antônio Palumbo Jr, Universidade Federal do Rio de Janeiro, Brazil
• Yunbao Pan , panyunbao@outlook.com, China
• Zongfu Pan , Zhejiang Cancer Hospital, China
• Siyaram Pandey , University of Windsor, Canada
• Niranjan Parajuli, Tribhuvan University, Nepal
• Gunhyuk Park , Korea Institute of Oriental Medicine (KIOM), Republic of Korea
• Wansu Park , Department of Pathology, College of Korean Medicine, Gachon

University, Seong-nam, 13120, Republic of Korea, Republic of Korea
• Rodolfo Parreira, School of Postural and Manual Therapy, Salgado Institute of

Integral Health, Londrina, Paraná, Brazil., Brazil
• Mohammad Mahdi Parvizi, Shiraz University of Medical Sciences, Shiraz, Iran, Iran
• Matheus Pasquali , Centro de Estudos em Estresse Oxidativo (Lab. 32),

Departamento de Bioquímica, ICBS, Universidade Federal do Rio Grande do Sul, Brazil
• Luiz Felipe Passero , São Paulo State University, Brazil
• Visweswara Rao Pasupuleti, Universiti Malaysia Sabah, Malaysia
• Dr. Mitesh Patel, Parul University, Vadodara, Gujarat, India, India
• Bhushan Patwardhan , University of Pune, India
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• Claudia Helena Pellizzon , Universidade Estadual Paulista, Brazil
• Cheng Peng, The University of Queensland, Australia
• Weijun Peng , The Second Xiangya Hospital, Central South University, China
• Shagufta Perveen , Department of Pharmacognosy, College of Pharmacy, King

Saud University, P.O. Box 2457, Riyadh 11451, Saudi Arabia
• Raffaele Pezzani , Università degli Studi di Padova, Italy
• Sonia Piacente, Salerno University, Italy
• Andrea Pieroni , University of Gastronomic Sciences, Italy
• Richard Pietras , UCLA David Geffen School of Medicine, USA
• Haifa Qiao , Florida State University, USA
• Sheng Qin, The Key Laboratory of Biotechnology for Medicinal Plant of Jiangsu

Province, School of Life Science, , China
• Cláudia Quintino Rocha , Department of Organic Chemistry, Chemical Institute,

Univ Estadual Paulista (UNESP), Araraquara, SP, Brazil
• DANIELA RUSSO, UNIVERSITY OF BASILICATA, Italy
• Khalid Rahman , Liverpool John Moores University, United Kingdom
• Nor Fadilah Rajab , Associate Professor, Malaysia
• Elia Ranzato , University of Piemonte Orientale, Italy
• Manzoor A. Rather , Islamic University of Science and Technology, India
• Valentina Razmovski-Naumovski, National Institute of Complementary Medicine

(NICM), Western Sydney University; Faculty of Medicine, University of New South
Wales., Australia

• Julita Regula, Department of Human Nutrition and Hygiene Poznan University of Life
Sciences , Poland

• Gauhar Rehman, Abdul Wali Khan University Mardan, Pakistan
• Kanwal Rehman, Institute of Pharmacy Physiology and Pharmacology University of

Agriculture Faisalabad, Pakistan
• Man Hee Rhee , Kyungpook National University, Republic of Korea
• Daniela Rigano , Università di Napoli "Federico II", Italy
• José L. Rios, Universitat de València, Spain
• Francisca Rius Diaz, Wellman Center for Photomedicine;Massachusetts General

Hospital;Harvard Medical School, Spain
• Eliana Rodrigues , Universidade Federal de São Paulo, Brazil
• Maan Bahadur Rokaya, Department of Biodiversity Research, Global Change

Research Centre, Czech Academy of Republic Sciences, Brno, Czech Republic, Czech
Republic

• Barbara Romano , University of Naples Federico II, Italy
• Mariangela Rondanelli , Department of Public Health, Experimental and Forensic

Medicine, University of Pavia, Italy
• Antonietta Rossi, University of Naples Federico II, Italy
• Mi Heon Ryu , Department of Oral Pathology, School of Dentistry, Pusan National

University, Republic of Korea
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• Bashar Saad , Arab American University, Palestinian Authority
• Abdul Sadiq, Department of Pharmacy, University of Malakand, Pakistan
• Sabiu Saheed, Durban University of Technology, South Africa
• Mohamed Z.M. Salem , Forestry and Wood Technology Department Faculty of

Agriculture (EL-Shatby) Alexandria University , Egypt
• Avni Sali, National Institute of Integrative Medicine, Melbourne, Australia
• Andreas Sandner-Kiesling, Medical University of Graz, Austria
• Manel Santafe , Universitat Rovira i Virgili, Spain
• José Roberto Santin , University of São Paulo, Brazil
• Antonietta Santoro, Department of Medicine Surgery and Dentistry “Scuola Medica

Salernitana”, Italy
• Tadaaki Satou , International University of Health and Welfare, Japan
• Roland Schoop, Bioforce AG, Switzerland
• Sven Schröder, University Medical Center Hamburg-Eppendorf, Germany
• Sindy Seara-Paz, University of A Coruña, Spain
• Veronique Seidel , Strathclyde Institute of Pharmacy and Biomedical Sciences,

United Kingdom
• Dr.Vijayakumar Sekar, Shandong University, China
• Terry Selfe, University of Florida, USA
• Senthamil R. Selvan PhD , Siddha Yoga Research International, USA
• Arham Shabbir , Institute of Pharmacy, Lahore College for Women, University

Lahore, Pakistan
• Suzana Shahar, Dietetic Programme, Center for Health Care Sciences, Faculty of

Health Sciences, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia, Malaysia
• Hongcai Shang , Beijing University of Chinese Medicine, China
• Wen-Bin Shang , Key Laboratory for Metabolic Diseases in Chinese Medicine First

College of Clinical Medicine Nanjing University of Chinese Medicine, China
• Xiaofei Shang, Chinese Academy of Agricultural Sciences, China
• Karen J. Sherman , Group Health Cooperative, USA
• Ronald Sherman , BTER Foundation, USA
• San-Jun Shi, School of Pharmacy, Chengdu University of Traditional Chinese

Medicine, China
• She-Po Shi, Modern Research Center for Traditional Chinese Medicine, Beijing

University of Chinese Medicine , China
• Insop Shim , Dept. of Physiology, College of Medicine, Kyung Hee University,

Republic of Korea
• Maria Im Hee Shin, Hospital of Catholic University of Daegu, China
• Yukihiro Shoyama, Nagasaki International University, Japan
• Morry Silberstein , Curtin University, Australia
• Samuel Martins Silvestre , Universidade da Beira Interior, Portugal
• Moganavelli Singh, School of Life Sciences, University of KwaZulu-Natal, South

Africa
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• Rajeev K Singla , West China Hospital, China
• Kuttulebbai N. S. Sirajudeen , International Islamic University Malaysia (IIUM),

Malaysia
• Slim Smaoui , University of Sfax, Tunisia
• Eun Jung Sohn , College of Korean Medicine, Kyung Hee University, Republic of

Korea
• Maxim A. Solovchuk , Institute of Biomedical Engineering and Nanomedicine,

National Health Research Institutes, Taiwan
• Young-Jin Son , Sunchon National University, Republic of Korea
• Chengwu Song, College of Pharmacy, Hubei University of Chinese Medicine, China
• Yanting Song , university, China
• Klaokwan Srisook , Burapha University, Thailand
• Vanessa Steenkamp , University of Pretoria, South Africa
• Annarita Stringaro , Italian National Institute of Health, Italy
• Dan Su , Jiangxi University of Traditional Chinese Medicine, China
• Keiichiro Sugimoto , Research and Development Center, Nagaoka Co., Ltd., Japan
• Valeria Sulsen , University of Buenos Aires, Argentina
• Zewei Sun , Jilin Agricultural University, Changchun, China, China
• Amir Syahir , Department of Biochemistry, Faculty of Biotechnology and

Biomolecular sciences, Universiti Putra Malaysia, Malaysia
• Sharifah S. Syed Alwi , Cancer Research UK Centre Southampton General Hospital

Somers Cancer Research Building (MP824), United Kingdom
• Eryvaldo Sócrates Tabosa do Egito , UFRN, Brazil
• Orazio Taglialatela-Scafati , Università di Napoli, Italy
• Shin Takayama , Tohoku University Hospital, Japan
• Takashi Takeda , Kinki University, Japan
• Amin Tamadon , The Persian Gulf Marine Biotechnology Research Center, The

Persian Gulf Biomedical Sciences Research Institute, Bushehr University Of Medical
Sciences, Bushehr, Iran

• Gianluca Tamagno , Dept of Endocrinology & Diabetes, Mater Misericordiae
University Hospital, Dublin 7, Ireland

• Jing-Yu (Benjamin) Tan , Charles Darwin University, Australia
• Jun Jie Tan , Advanced Medical and Dental Institute, Universiti Sains Malaysia,

Malaysia
• Qingfa Tang , Southern Medical University, China
• Nader Tanideh , Shiraz University of Medical Sciences, Iran
• Hongxun Tao, Jiangsu University, China
• Jun-Yan Tao, State Key Laboratory of Virology, College of Life Sciences, Wuhan

University; Faculty of Pharmacy, Hubei College of Traditional Chinese Medicine, China
• Hamid Tebyaniyan, Science and Research Branch, Islamic Azad University, Iran
• Lay Kek Teh , Universiti Teknologi MARA, Malaysia
• Norman Temple , Athabasca University, Canada
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Background. Each part of H. annuus plants is traditionally used as medicinal remedies for several diseases, including malaria.
Antimalarial activity of the leaf and the seed has already been observed; however, there is no report about antimalarial activity of
the other parts ofH. annuus plants. In this study, we assess in vitro and in vivo antimalarial activity of each part of the plants and its
mechanism as antimalarial agent against inhibition of heme detoxification. Objective. To investigate the antimalarial activity of
various parts of H. annuus. Methods. Various parts of the H. annuus plant were tested for in vitro antimalarial activity against
Plasmodium falciparum 3D7 strain (chloroquine-sensitive), in vivo antimalarial activity against P. berghei using Peters’ 4-day
suppressive test in BALB/c mice, curative and prophylaxis assay, and inhibition of heme detoxification by evaluating β-hematin
level. Results. Ethanol extract of the roots showed the highest antimalarial activity, followed by ethanol extract of leaves, with IC50
values of 2.3± 1.4 and 4.3± 2.2 μg/mL, respectively and the percentage inhibition of P. berghei of 63.6± 8.0 and 59.3± 13.2 at a
dose of 100mg/kg, respectively. Ethanol extract of roots produced an ED50 value of 10.6± 0.2mg/kg in the curative test and
showed an inhibition of 79.2% at a dose of 400mg/kg in the prophylactic assay. In inhibition of heme detoxification assay, root and
leaf ethanol extracts yielded a lower IC50 value than positive (chloroquine) control with a value of 0.4± 0.0 and 0.5± 0.0mg/mL,
respectively. Conclusion. 0ere were promising results of the ethanol extracts of root of H. annuus as a new source for the
development of a new plant-based antimalarial agent.

1. Introduction

Most developing countries, including Indonesia, still depend
on using plants in traditional medicine, including antima-
larial agents. One of these plants is Helianthus annuus
(Asteraceae), known as sunflower or “bunga matahari” in
local language. Traditionally, each part ofH. annuus plants is
widely used in several healthcare applications, including the
treatment of malaria. Sunflower tea is reported to be useful
in the treatment of malarial and lung disease [1], and the
leaves have long been used in infusion and decoction as
traditional remedy for malaria by Ambalabe village com-
munity, Madagascar [2].

Muti’ah et al. [3] report that 80% ethanol extract of
H. annuus leaf shows good antimalarial activity with an ED50

value of 4.64mg/kg. Moreover, the combination of 80%
ethanol extract of H. annuus leaf and Acalypha indica Linn.
leads to synergetic effect in in vivo antimalarial assay with a
CI value of 0.46 (CI< 1) and an ED50 value of 1.23mg/kg [4].
Intisar et al. [5] also report that methanol and petroleum
ether extract from H. annuus seeds showed good inhibition
activity against P. falciparum strain KI with an EC50 of 0.19
and 0.34 μg/mL, respectively.

Based on the data above, it is recognized that H. annuus
plants are potential source of antimalarial drugs. However,
antimalarial activity of the other parts of H. annuus plants
has not been reported to date. 0us, in this study, we assess
in vitro and in vivo antimalarial activity of each part of the
plant and its mechanism as antimalarial agent against the
inhibition of heme detoxification. 0e inhibition of heme
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detoxification leads to growth disorder and malaria para-
sites’ mortality as a result of membrane lysis and activity
disorder of some enzymes [6–9]. Hence, a substance with
high heme detoxification inhibition activity is considered a
potential antimalarial agent. Inhibition of heme de-
toxification is one of the potential biochemical targets, which
is possessed by chloroquine and artemisinin [10, 11]. 0e
highest antimalarial activity of H. annuus plant parts and its
ability to inhibit heme detoxification are expected to be
obtained through this study as it can be a new source of
antimalarial drugs.

2. Materials and Methods

2.1. Plant Materials. H. annuus plants were obtained from
Oro-oro Ombo, Malang, East Java, Indonesia, in November
2016, and determined by Materia Medica Batu, Malang, East
Java. Each part of the plant, including roots, stems, seeds,
flowers, and leaves, were air-dried separately. Samples were
then ground to powder, once they are completely dried.

2.2.AnimalModel. Adult male BALB/c mice with 20–30 g of
bodyweight were obtained from Faculty of Veterinary
Medicine, Universitas Airlangga. 0e mice were fed with
mice pellet diet and given free access to drink clean water.
0e animals were allowed to acclimatize for two weeks
before being treated. 0e permission and approval for an-
imal studies were obtained from Faculty of Veterinary
Medicine, Universitas Airlangga.

2.3. Preparation of 96% Ethanol Extract of H. annuus.
Powders from each part of H. annuus plants (50 gram) were
macerated by 96% ethanol and then evaporated on a rotary
evaporator.

2.4. In Vitro Antimalarial Assay. In this research, cultures of
Plasmodium falciparum strain 3D7 (chloroquine-sensitive)
were used and cultivated using the Trager and Jensen
method [12]. Cultures were cultivated in human O+ red
blood cells with 5% hematocrit in RPMI 1640 (Gibco BRL,
USA) added with 22.3mM HEPES (Sigma), hypoxanthine,
sodium bicarbonate, and 10% human O+ plasma. Chloro-
quine diphosphate was used as the positive control.

Antimalarial assay was done using a 24-well microplate
with 1% initial and experimental parasitaemia (1mL/well of
suspension), followed by incubation in a multigas incubator
at 37°C for 48 hours. 0e incubated materials were then
collected and used to make a thin smear in a glass slide,
fixated in methanol, and stained with Giemsa. 0e number
of parasites was then observed under a microscope and
compared with the negative control to determine the per-
centage of parasite growth inhibition. IC50 value was cal-
culated using Probit Analysis.

2.5. InVivoAntimalarialActivityAssay. Plasmodium berghei
strain ANKA was obtained from Eijkman Institute of
Molecular Biology, Jakarta, Indonesia. About 20% of

parasitaemia-infected mice were dissected and then the
intracardial blood was taken and diluted with the PBS. Each
mouse used in this research was inoculated priorly in-
traperitoneally with 0.2mL of solution containing 1× 107
P. berghei-infected erythrocytes [13].

In vivo antimalarial assay of the plant extract was done
using Peter’s method [14], which had been modified with
100mg/kg/day as the selected dose. 0irty-six adult male
BALB/c mice (25 g± 3) were inoculated with parasites and
randomly grouped into six groups (five treatment groups
and one control group), with six mice in each group.
Negative control group was treated with 0.5% sodium
carboxymethyl cellulose (Na CMC) suspension. Treatment
groups were treated with extract suspension of each part of
the plant with the selected dose. Suspension was given orally
once a day for 4 days. On the fourth day, a thin blood smear
was made from the tail of each mouse, fixated in methanol,
and then stained with Giemsa. 0e thin blood smears were
then observed under a microscope to calculate the per-
centage of parasitaemia and parasite inhibition.

2.6. In Vivo Curative Assay of 96% Ethanol Extract of
H. annuus Roots. 0irty adult male BALB/c mice (8 weeks
old) were randomly divided into five groups (six mice per
group). Each mouse was infected intraperitoneally with
0.2mL of solution containing 1× 107 P. berghei-infected
erythrocytes. Negative control (group 1) was treated with
0.5% Na CMC suspension. Groups 2, 3, 4, and 5 were treated
with 96% ethanol extract suspension of H. annuus root with
1, 10, 100, and 250mg/kg dose per mouse. Suspension was
given orally once a day for 4 days. Percentage of parasitaemia
was calculated by making a thin blood smear on the fourth
day, which is then fixated in methanol and stained with
Giemsa.0e calculation was then compared with the control
group. ED50 value was obtained by using Probit Analysis.

2.7. In Vivo Prophylaxis Assay of 96% Ethanol Extract of
H. annuus Roots. 0irty adult male BALB/c mice (8 weeks
old) were randomly grouped into six groups (five mice per
group). Groups 1, 2, 3, and 4 were treated with 96% ethanol
extract suspension ofH. annuus root with 100, 200, 400, and
800mg/kg dose per mouse. Group 5 as the negative control
group was treated with 0.5% Na CMC suspension, while the
positive control (group 6) was given 13mg/kg of doxycycline
suspension [15]. Each suspension was given orally once a day
for 4 days. On the fourth day, each mouse was inoculated
with 0.2mL of solution containing 1× 107 P. berghei-in-
fected erythrocytes by intraperitoneal injection. Percentage
of parasitaemia was determined on the third day by ob-
serving the thin blood smear and compared with the control
group. Mean survival time of mice in each group was de-
termined during 14 days (D0–D13). Mean survival time was
calculated using the following equation:

mean survival time(MST) �
sumof survival days

total observation days(14)
× 100.

(1)
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2.8. Heme Detoxification Inhibition Assay. Inhibition of
heme detoxification was assessed using the Basilico method
[16] with modification. 0e extract and positive control
(chloroquine diphosphate) were diluted with dimethyl
sulfoxide (DMSO) a concentration range of 2–0.01mg/mL.
0e amount of hematin present in each sample was cal-
culated using a standard curve of hematin dissolved in 0.2M
NaOH.0e absorbance was read using the ELISA reader at a
wavelength of 405 nm. 0e effect of each sample against the
production of β-hematin was calculated and compared with
the negative control [17, 18].

2.9. Statistical Analysis. Data are expressed as mean-
± standard deviation (SD). IC50 values were calculated using
Probit Analysis. Statistical significance was determined by
Kruskal–Wallis nonparametric independent t-test and
ANOVA (one-way).

3. Results and Discussion

H. annuus has been planted widely in Indonesia and long
been used traditionally as anti-inflammatory, antimalarial,
antiasthma, antioxidant, antitumor, and antimicrobial
agent. It has been reported that several chemical compounds
were already isolated and identified from various parts of
this plant, such as heliangolides (sesquiterpene lactones),
α-pinene, sabinene (monoterpene), helikauranoside (diter-
pene), and alkaloid and phenolic group in the leaf part;
helianthoside (triterpene) and saponin group in the flower
part; fatty acid, tocopherol, tannin, and polyphenol group in
the seed part; alkaloid and phenolic group in the stem and
root parts [1]. Extraction yield from each part of H. annuus
plants macerated with 96% ethanol is shown in Table 1.

In vitro screening to observe P. falciparum inhibition
activity of the plant extract with IC50 value less than 10 μg/
mL is an important primary step in the development of new
antimalarial drugs. Plant extracts showing IC50 values
≤10 μg/mL can be considered to be active, IC50 values in the
range 10< IC50≤ 25 μg/mL can be considered to be mod-
erately active, and those exhibiting IC50 values >25 μg/mL
can be considered to be inactive [19]. IC50 values of 96%
ethanol extract of variousH. annuus plant parts are shown in
Table 2. Root extract exhibits the highest in vitro antimalarial
activity, followed by leaf and flower extracts with an IC50
value of 2.3± 1.4, 4.3± 2.2, and 4.8± 0.0 μg/mL, respectively.

In vivo antimalarial activity was also determined for each
extract from various parts of H. annuus plants, and the
results are shown in Table 3. Ethanol extract of root exhibits
the highest percentage inhibition against P. berghei, followed
by leaf extract with the percentage inhibition of 63.6± 8.0
and 59.3± 13.2, respectively.

Method and criteria are varied among the treatment
groups examining antimalarial potency of plants by using
the rodent animal model. P. berghei-infected mice given
orally 50–250mg/kg/day of extract exhibiting inhibition
percentage >60% are considered to be active or very active,
and those exhibiting inhibition percentage >30% are con-
sidered to be moderately active [20–24]. In this research, oral

administration at a dose of 100mg/kg/day of ethanol H.
annuus extract is used as an initial experiment and obser-
vation of parasite growth up to day 4 using mice model.

Based on the first screening of in vivo assay, it is shown
thatH. annuus root extract has the highest activity.0us, the
experiment is continued to assess curative and prophylaxis
antimalarial activity of the ethanol root extract ofH. annuus.

In in vivo curative assay, P. berghei-infected mice are
treated orally with 96% ethanol root extract at a dose of 1, 10,
100, and 250mg/kg. 0e results of the 4-day suppressive test
show that the ethanol extract of H. annuus root has an ED50
value of 10.6± 0.2mg/kg (Table 4). According to Munoz
et al. [25], antimalarial activity can be categorized based on
the ED50 value, where ED50 <100mg/kg is considered to
have very good activity.

In prophylactic effect evaluation of 96% ethanol
H. annuus root extract, mice are given a sample orally for 4
days before inoculating with the parasite. 0e results (see
Figure 1) show that the percentage of inhibition parasitaemia
in mice treated with the extract at a dose of 400mg/kg is
higher than that in those treated with 800mg/kg. Despite that,
this result is still lower than that of doxycycline, a standard
drug for prophylactic antimalarial in Indonesia.

0e 400mg/kg dose group shows the highest percentage
of prophylactic inhibition (79.2%) at day 3, and it declines to
62.5% at a dose of 800mg/kg. Calabrese and Baldwin [26]
report that the upside-down U-curve in the drug activity
assessment at different doses may indicate the occurrence of
the hormetic effect, which points out to the toxicity of the
drug. Aside from the declining percentage of inhibition, the
low mean survival time at a dose of 800mg/kg, compared to
200 and 400mg/kg doses, indicates that the H. annuus root
extract at high dose (800mg/kg) tends to have toxicity.

0e results of Kruskal–Wallis nonparametric in-
dependent t-test and one-way ANOVA analysis show that
there are significant differences (p value< 0.05) in inhibition
percentage of the positive control group compared with all
the sample groups and the negative control group. 0ere is
no significant difference between 100, 200, 400, and 800mg/
kg doses.

Figure 1 shows that, 96 hours or the fourth day after
parasite inoculation, there is an increase in the parasitic
growth in the negative dose and control group, whereas in
the doxycycline group the parasite growth is relatively stable,
which is below 3%. 0is is thought to be related to the half-
life of doxycycline which ranges from 12 to 22 hours
[15, 27, 28] allowing doxycycline to last longer in the body
and inhibit the growth of parasites. It is in contrast to ex-
tracts or traditional medicines that tend to have a short half-
life, such as artemisinin and its derivatives [29, 30]. Based on

Table 1: Extraction yield from various parts of H. annuus plants.

H. annuus plant parts Extraction yield (%)
Roots 2.1
Stems 5.0
Seeds 2.9
Flowers 6.7
Leaves 4.4
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Table 3: Mean percentage of parasitaemia, growth, and inhibition in P. berghei-infected mice treated with 96% ethanolH. annuus extract at
a dose of 100mg/kg orally once a day for 4 days.

H. annuus plant parts
Mean % parasitaemia

Mean % growth Mean % inhibition
Day 0 Day 4

Roots 0.9± 0.2 4.6± 1.0 3.7± 0.8 63.6± 8.0
Stems 1.2± 0.2 7.3± 1.0 6.1± 0.8 40.3± 8.2
Seeds 1.0± 0.2 7.1± 0.5 6.0± 0.4 41.5± 4.4
Flowers 1.2± 0.5 7.8± 0.4 6.6± 0.5 35.9± 4.6
Leaves 0.9± 0.2 5.1± 1.5 4.2± 1.4 59.3± 13.2
Na CMC 1.6± 0.3 11.8± 0.9 10.3± 0.9 —

Table 4: Mean percentage of parasitaemia, growth, and inhibition against P. berghei of 96% ethanol H. annuus root extract compared with
control.

Sample Dose (mg/kg)
Mean %

parasitaemia Mean % growth Mean % inhibition ED50 (mg/kg)
D0 D4

96% ethanol extract of H. annuus root

1 1.1± 0.1 26.2± 1.4 6.3± 0.4 35.8± 4.7

10.6± 0.210 1.0± 0.2 21.2± 0.9 5.1± 0.2 48.3± 2.8
100 1.0± 0.1 15.4± 1.7 3.6± 0.4 64.0± 5.3
250 1.2± 0.4 12.0± 1.8 2.7± 0.4 72.3± 5.3

Na CMC — 1.2± 0.3 40.3± 6.1 9.8± 1.5 —

Table 2: IC50 values of 96% ethanol extract of various parts of H. annuus plants against P. falciparum strain 3D7.

H. annuus plant parts
% inhibition at each concentration (μg/mL)

IC50 (μg/mL)
100 10 1 0.1 0.01

Roots 86.6± 1.7 73.3± 6.9 32.0± 3.7 22.3± 0.0 7.3± 7.4 2.3± 1.4
Stems 64.4± 4.6 56.4± 1.1 30.7± 7.7 18.8± 4.9 0 10.2± 5.0
Seeds 84.4± 1.0 22.2± 6.9 14.2± 3.9 6.2± 10.3 0 19.3± 5.5
Flowers 85.7± 8.7 48.4± 2.6 32.0± 2.9 19.3± 8.7 0 4.8± 0.0
Leaves 96.3± 1.8 47.1± 4.7 24.3± 11.7 16.5± 6.2 7.0± 1.0 4.3± 2.2

1 2 3 4 5 6 7

Day a�er parasite inoculation

EEHA-100mg/kg/day
EEHA-200mg/kg/day
EEHA-400mg/kg/day

EEHA-800mg/kg/day
Doxycycline (13mg/kg/day)
Sodium carboxymethyl cellulose
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Figure 1: Percentage of parasite growth during seven days after inoculation with parasites on in vivo prophylaxis assay of 96% ethanol
extract of H. annuus roots. Average values and standard deviations from five mice per drug/dose are also shown. p value <0.05.
EEHA� ethanolic extract of H. annuus.
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the antimalarial test results of H. annuus root in vivo, it can
be concluded that the 96% ethanol extract of H. annuus root
has more potential activities as curative antimalarial than
prophylactic.

One of the potential biochemical targets for the devel-
opment of new antimalarial drugs is heme detoxification.
0e results of heme detoxification inhibition assay (see
Table 5) show that the 96% ethanol extract ofH. annuus root
(IC50 � 0.4± 0.0mg/mL) and leaf (IC50 � 0.5± 0.0mg/mL)
has higher activity than chloroquine diphosphate, a standard
antimalarial drug (IC50 � 0.6± 0.0mg/mL).

It was reported that free heme is toxic to parasites as it
causes lysis of the parasite vacuolar membrane [31]. 0us,
malaria parasites develop heme detoxification mechanism to
change the toxic heme into a harmless one. 0e inhibition of
heme detoxification leads to growth disorder and malaria
parasites mortality as a result of membrane lysis and activity
disorder of some enzymes [6–9].

Based on the entire assay undertaken in this research, it
is established that the ethanol extract of H. annuus root
shows the highest antimalarial activity among the other parts
of plants, either in in vitro, in vivo, or in heme detoxification
inhibition assay. 0erefore, the ethanol extract of H. annuus
root is a potential source of new antimalarial drugs from
natural resources.

4. Conclusion

Based on the results of the study, they show that 96% ethanol
extract of H. annuus root has the highest antimalarial ac-
tivity compared to stems, seeds, flowers, and leaves of
H. annuus. 96% ethanol extract of H. annuus root has more
potential activity as a curative antimalarial drug than a
prophylactic one. Similarly, for the antimalarial mechanism
in inhibiting heme detoxification, 96% ethanol extract of
H. annuus root has the greatest inhibitory activity compared

Table 5: Results of heme detoxification inhibition assay of the 96% ethanol extract of each part of the H. annuus plant.

Sample Concentration (mg/mL) Mean value of hematin (mM) Mean % inhibition IC50 (mg/mL)
Negative control — 121.0± 2.6 — —

96% ethanol extract of root

2.00 34.2± 1.2 71.7± 1.0

0.4± 0.0

1.00 44.6± 1.2 63.1± 1.0
0.50 58.3± 1.1 51.8± 0.9
0.25 67.6± 1.3 44.1± 1.1
0.10 81.8± 1.3 32.3± 1.1
0.01 99.8± 2.2 17.5± 1.8

96% ethanol extract of seed

2.00 61.6± 1.4 49.1± 1.1

2.4± 0.2

1.00 71.0± 1.2 41.3± 1.0
0.50 84.9± 3.3 29.8± 2.8
0.25 97.3± 2.3 19.6± 1.9
0.10 105.5± 1.3 12.8± 1.1
0.01 114.1± 1.8 5.7± 1.5

96% ethanol extract of flower

2.00 46.8± 1.1 61.4± 0.9

0.9± 0.1

1.00 55.7± 1.3 53.9± 1.1
0.50 68.4± 0.9 43.4± 0.7
0.25 81.8± 0.9 32.4± 0.7
0.10 89.8± 0.9 25.8± 0.8
0.01 99.3± 1.2 17.9± 1.0

96% ethanol extract of leaf

2.00 38.6± 0.9 68.1± 0.7

0.5± 0.0

1.00 48.9± 0.8 59.6± 0.7
0.50 62.0± 1.1 48.7± 0.9
0.25 75.5± 1.4 37.6± 1.1
0.10 83.5± 0.6 31.0± 0.5
0.01 98.1± 0.9 18.9± 0.7

96% ethanol extract of stem

2.00 140.1± 9.2 53.7± 3.1

1.9± 0.5

1.00 179.8± 5.6 40.6± 1.8
0.50 206.3± 8.3 31.8± 2.8
0.25 241.8± 3.6 20.1± 1.2
0.10 264.7± 3.6 12.5± 1.2
0.01 288.0± 5.5 4.8± 1.8

Chloroquine diphosphate

2.00 40.4± 2.1 66.6± 1.7

0.6± 0.0

1.00 50.9± 0.6 57.9± 0.5
0.50 64.3± 0.9 46.8± 0.7
0.25 77.0± 0.8 36.3± 0.7
0.10 85.3± 1.2 29.4± 1.0
0.01 94.6± 0.7 21.8± 0.6
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to the other parts ofH. annuus; even the inhibition is greater
than chloroquine, a standard drug. So, it can be concluded
that the 96% ethanol extract of H. annuus root contains a
potential antimalarial substance which is a new source for
the development of a new plant-based antimalarial agent.
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