
5

Published by Baishideng Publishing Group Inc

World Journal of 
Pharmacology
World J Pharmacol  2017 March 9; 6(1): 1-10

ISSN 2220-3192 (online)



World Journal of 
PharmacologyW J P

EDITOR-IN-CHIEF
Geoffrey Burnstock, London

ASSOCIATE EDITORS
Raouf A Khalil, Boston
Godefridus J Peters, Amsterdam
W.S. Fred WONG, Singapore

GUEST EDITORIAL BOARD 
MEMBERS
Chia-Hsiang Chen, Zhunan
Jong-Yuh Cherng, Chia-yi
Jia-You Fang, Taoyuan
Ming-Fa Hsieh, Chung Li
Dong-Ming Huang, Miaoli County
Tsong-Long Hwang, Taoyuan
Jiiang-Huei Jeng, Taipei
Mei-Chuan Ko, Taipei
Po-Lin Kuo, Kaohsiung
Hsien-Yuan Lane, Taichung City
Chen-Lung Steve Lin, Kaohsiung
Min-Hsiung Pan, Taipei
Joen-Rong Sheu, Taipei
Chih-Hsin Tang, Taichung
Chin-Hsiao Tseng, Taipei
Chih-Shung Wong, Taipei
Sheng-Nan Wu, Tainan City
Wen-Bin Wu, Taipei
Chuen-Mao Yang, Kwei-San

MEMBERS OF THE EDITORIAL 
BOARD

Australia

Jonathon C Arnold, Sydney

Alexander Bobik, Melbourne
Stephen J Clarke, St Leonards
Brian Dean, Melbourne
Xiao-Jun Du, Melbourne
Cherrie A Galletly, Adelaide
Jacob George, Sydney
Andrew J Lawrence, Parkville
Johnson Mak, Victoria
Des R Richardson, Sydney
Shaun L Sandow, Sydney
Karly C Sourris, Melbourne
Fanfan Zhou, Sydney

Austria

Andreas Bernkop-Schnurch, Innsbruck
Martin Hohenegger, Vienna
Siegfried Kasper, Vienna

Belarus

Peter Gregor Rytik, Minsk

Belgium

Van D Debby, Antwerp
Mark Van de Casteele, Brussels
Mathieu Vinken, Brussels

Brazil

Maria de Nazaré C Soeiro, Rio de Janeiro
Waldiceu A Verri Jr, Londrina
Angelina Zanesco, Sao Paulo

Bulgaria

Stanislav G Yanev, Sofia

Canada

Sylvain G Bourgoin, Québec
Subrata Chakrabarti, London
Thomas KH Chang, Vancouver
Janos G Filep, Montreal
Pierre A Guertin, Quebec
Suhayla Mukaddam-Daher, Montréal
Claude Rouillard, Quebec
Jean Sévigny, Québec
Ashok K Srivastava, Montréal
Margarey D Weiss, Vancouver
Jonathan P Wong, Main Station
Xi Yang, Winnipeg

Chile

Javier Palacios, Iquique
Armando Rojas Rubio, Talca

China

George G Chen, Hong Kong
Chi-Hin Cho, Hong Kong
Liwu Fu, Guangzhou
Qin He, Chengdu
Qing-Yu He, Guangzhou
Xi-Qun Jiang, Nanjing
Tai-Yi Jin, Shanghai
Yiu Wa Kwan, Hong Kong

I

Editorial Board
2016-2019

The World Journal of Pharmacology Editorial Board consists of 455 members, representing a team of worldwide 
experts in pharmacology. They are from 42 countries, including Australia (13), Austria (3), Belarus (1), Belgium 
(3), Brazil (3), Bulgaria (1), Canada (12), Chile (2), China (46), Czech Republic (1), Denmark (2), Egypt (1), Finland 
(3), France (13), Germany (7), Greece (17), Hungary (6), Iceland (1), India (11), Iran (4), Ireland (1), Israel (12), Italy 
(39), Japan (30), Malaysia (1), Netherlands (10), New Zealand (2), Poland (3), Portugal (2), Russia (1), Saint Kitts 
and Nevis (1), Saudi Arabia (1), Serbia (1), Singapore (7), South Korea (9), Spain (22), Sweden (4), Switzerland (2), 
Thailand (1), Turkey (6), United Kingdom (19), and United States (131).

March 2, 2016WJP|www.wjgnet.com



Ke Lan, Chengdu
George Pak-Heng Leung, Hong Kong
Jian-Jun Li, Beijing
Zhi-Xiu Lin, Hong Kong
Xiao-Dong Liu, Nanjing
Xin-Yong Liu, Jinan
Liang Peng, Shenyang
Mei Qiang, Taiyuan
Yong-Yong Shi, Shanghai
Jing-Fang Wang, Shanghai
Yong-Qing Wang, Nanjing
Chi-Ming Wong, Hong Kong
William Ka Kei Wu, Hong Kong
Ruian Xu, Xiamen
Xiao-Qiang Yao, Hong Kong
Wei-Hai Ying, Shanghai
Shu-Biao Zhang, Dalian
Yu Zhang, Beijing

Czech Republic

Kamil Kuca, Hradec Kralove

Denmark

Morten Grunnet, Ballerup
Yasser A Mahmmoud, Aarhus

Egypt

Nagwa MN El-Din, Alexandria

Finland

Seppo Kahkonen, Helsinki
Hannu I Kankaanranta, Seinajoki
Helder A Santos, Helsinki

France

Eric Boue-Grabot, Bordeaux
Christian Bronner, Illkirch
Rene Bruno, Marseille
Marie-Chantal Canivenc-Lavier, Dijon
Bertrand Cariou, Nantes
Emmanuelle Corruble, Le Kremlin Bicêtre
Gerard,Siest, Nancy
Laurent Karila, Villejuif
Frederic Lagarce, Angers
Tangui Maurice, Montpellier
Fernando Rodrigues-Lima, Paris
Jean-Marc Sabatier, Rousset
Steeve H Thany, Angers

Germany

Axel Becker, Magdeburg
Thomas Efferth, Mainz
Florian Lang, Tuebingen
Huige Li, Mainz
Frank Thevenod, Witten
Michael Wink, Heidelberg
Jianbo Xiao, Würzburg

Greece

Panagiotis G Anagnostis, Thessaloniki
Charalambos Antoniades, Athens
Ekaterini Chatzaki, Alexandroupolis
Vassilis J Demopoulos, Thessaloniki
Moses S Elisaf, Ioannina
Panagiotis P Ferentinos, Athens
Dimitrios Galaris, Ioannina
Tzortzis Nomikos, Athens
Constantinos M Paleos, Aghia PAraskevi
George Panagis, Rethymno
Andreas Papapetropoulos, Patras
Kosmas I Paraskevas, Athens
George P Patrinos, Patras
Evangelos Rizos, Ioannina
Despina Sanoudou, Athens
Konstantinos N Syrigos, Athens
Ioannis S Vizirianakis, Thessaloniki

Hungary

Albert Császár, Budapest
Peter Hamar, Budapest
Peter Krajcsi, Budaors
Gabor Maksay, Budapest
Attila J Miseta, Cserkut
Joseph Molnar, Szeged

Iceland

Hekla Sigmundsdottir, Reykjavik

India

VN Balaji, Bangalore
Chiranjib Chakraborty, Vellore
Naibedya Chattopadhyay, Lucknow
Swaran JS Flora, Gwalior
Rumi Ghosh, Mumbai
Srinivas Gopala, Thiruvananthapuram
Seetharamappa Jaldappagari, Dharwad
Noboru Motohashi, 
Basavaraj K Nanjwade, Karnataka
Kishore M Paknikar, Pune
Vikas Anand Saharan, Uttarakhand
Abdus Samad, Mumbai

Iran

Payman Adibi, Isfahan
Ahmad R Dehpour, Tehran
Mehrdad Hamidi, Zanjan
Arash Mowla, Shiraz

Ireland

Marek W Radomski, Dublin

Israel

Galila Agam, Beer-Sheva

Robert H Belmaker, Beer Sheva
Shomron Ben-Horin, Tel-Hashomer
Arik Dahan, Beer-Sheva
Hagit Eldar-Finkelman, Rehovot
Eliezer Flescher, Tel Aviv
Moshe Gavish, Haifa
Israel Hanukoglu, Ariel
Joseph Kost, Beer-Shiva
Irena Manov, Haifa
Mordechai Muszkat, Jerusalem
Michal Schwartz, Rehovot

Italy

Giuseppe Barbaro, Rome
Francesca Borrelli, Napoli
Franco Borsini, Pomezia
Silvio Caccia, Milan
Giuseppe M Campo, Messina
Raffaele Capasso, Naples
Mauro AM Carai, Cagliari
Dario Cattaneo, Milan
Davide Cervia, Viterbo
Giuseppe Cirino, Napoli
Emilio Clementi, Milano
Massimo Collino, Torino
Vincenzo Cuomo, Rome
Francesca Fallarino, Perugia
Tullio Florio, Genova
Vittorio Gentile, Naples
Guido Grassi, Milan
Mario Grassi, Trieste
Annalisa Guaragna, Napoli
Milena Gusella, Trecenta
Francesco Impagnatiello, Milan
Angelo A Izzo, Naples
Luca La Colla, Parma
Aurelio Leone, Castelnuovo Magra
Mauro Magnani, Urbino
Mario Marchi, Genoa
Silvia Marinelli, Rome
Robert Nistico, Rome
Francesco Parmeggiani, Ferrara
Sabina Passamonti, Trieste
Emilio Perucca, Pavia
Carlo Riccardi, Perugia
Graziano Riccioni, Chieti
Sergio Rutella, Rome
Gianni Sava, Trieste
Pier A Serra, Sassari
Luca Steardo, Roma
Claudiu T Supuran, Florence
Gianluca Tettamanti, Varese

Japan

Katsuya Dezaki, Tochigi
Jun Fang, Kumamoto
Takahisa Furuta, Hamamatsu
Mitsuko Furuya, Yokohama
Osamu Handa, Kyoto
Kenji Hashimoto, Chiba
Zhi-Qing Hu, Tokyo
Peng Huang, Okayama
Toru Kobayashi, Niigata
Hiroshi Kunugi, Tokyo
Makoto Makishima, Itabashi-ku

II March 2, 2016WJP|www.wjgnet.com



III March 2, 2016WJP|www.wjgnet.com

Makoto Makishima, Tokyo
Takayuki Masaki, Oita
Shin-Ichiro Miura, Fukuoka
Yuji Naito, Kyoto
Satomi Onoue, Shizuoka
Honoo Satake, Osaka
Masaharu Seno, Okayama
Yasuyuki Shimada, AKITA
Mitsushige Sugimoto, Shiga
Masafumi Takahashi, Tochigi
Shinji Takai, Takatsuki
Yoh Takuwa, Kanazawa
Shingo Tsuji, Osaka
Hirokazu Tsukahara, Fukui
Motoko Unoki, Fukuoka
Shizuo Yamada, Shizuoka
Norio Yasui-Furukori, Hirosaki
Yukio Yoneda, Kanazawa

Malaysia

Johnson Stanslas, Serdang

Netherlands

Arjan Blokland, Maastricht
Eliyahu Dremencov, Groningen
Elisa Giovannetti, Amsterdam
Hidde J Haisma, Groningen
Frank A Redegeld, Utrecht
Martina Schmidt, Groningen
Frederik M van der Veen, Rotterdam
Charles J Vecht, The Hague
Joris C Verster, Utrecht

New Zealand

Hesham Al-Sallami, Dunedin
Lin Yang, Dunedin

Poland

Thomas Brzozowski, Cracow
Wladyslawa A Daniel, Krakow
Andrzej Pilc, Krakow

Portugal

Bruno Sarmento, Porto
Cristina M Sena, Coimbra

Russia

Roman G Efremov, Moscow

Saint Kitts and Nevis

Ignacio Lizarraga, Basseterre

Saudi Arabia

Mohamed AA Haidara, Abha

Serbia

Milan Jokanovic, Belgrade

Singapore

Jinsong Bian, Singapore
Gavin S Dawe, Singapore
Chang Ming Li, Singapore
Haishu Lin, Singapore
Rajkumar Ramamoorthy, Singapore
Gautam Sethi, Singapore

South Korea

Ki Churl Chang, Jinju
Joohun Ha, Seoul
Sang June Hahn, Seoul
Byeongmoon Jeong, Seoul
Myung Gull Lee, Gyeonggi-Do
Won Suk Lee, Gyeongsangnam-do
Seung-Yeol Nah, Seoul
Kyoungho Suk, Daegu
Young-Hyun Yoo, Busan

Spain

José L Arias-Mediano, Granada
Pedro E Bermejo, Majadahonda
Fermin Sánchez de Medina LH, Granada
Guillermo Elizondo, Mexico City
Leandro Fernandez-Perez, Las Palmas
Cristina Fillat, Barcelona
J Adolfo Garcia-Sainz, Mexico
Angel LM Gonzalez, Salamanca
Tomas Herraiz, Madrid
Miguel JA Lainez, Valencia
Jose M Lanao, Salamanca
ángel Lanas, Zaragoza
Vicente Martinez, Bellaterra
Faustino Mollinedo, Salamanca
Virginia Motilva, Sevilla
Gorka Orive, Victoria
Ricardo E Perez-Tomas, Barcelona
Susana Rodriguez-Couto, Donostia-San 
Sebastian
María E Sáez, Seville
Juan Sastre, Valencia
Juan L Tamargo, Madrid
Salvador V Zamora, Barcelona

Sweden

Aleksander A Mathe, Stockholm
Hari S Sharma, Uppsala
Marie-Louise G Wadenberg, Kalmar
Cang-Bao Xu, Lund

Switzerland

Stefan J Borgwardt, Basel
Felicien Karege, Geneva

Thailand

Kanokwan Jarukamjorn, Khon Kaen

Turkey

Cengiz A Akkaya, Bursa
Fatih Canan, Antalya
Saygin S Eker, Bursa
Sule Apikoglu Rabus, Istanbul
Nese Tuncel, Eskisehir
Mehmet Yaman, Elazig

United Kingdom

Sabine Bahn, Cambridge
Christopher J Bushe, New Malden
David J Chambers, London
Rossen M Donev, Swansea
Marco Falasca, London
David J Grieve, Belfast
Alan J Hargreaves, Nottingham
Mahmoud M Iravani, London
Nigel Irwin, Coleraine
Lin-Hua Jiang, Leeds
Veena Kumari, London
Kim Lawson, Sheffield
Debbi MacMillan, Glasgow
Elek Molnár, Bristol
Stuart A Rushworth, Norwich
Sunita Suri, Nottingham
Jinsheng Xu, Bristol
Alexander V Zholos, Belfast

United States

James D Adams, Los Angeles
Nihal Ahmad, Madison
Gustav Akk, St. Louis
Karim A Alkadhi, Houston
Charles Antzelevitch, Utica
Hugo R Arias, Glendale
Dominick L Auci, San Diego
Ross J Baldessarini, Belmont
Oleg A Barski, Louisville
Bjorn Bauer, Duluth
Chengpeng Bi, Kansas City
Karina S Blair, Bethesda
Bortolato,Marco, Los Angeles
Josh Burk, Williamsburg
William K Chan, Stockton
James J Chen, Jefferson City
Zhe-Sheng Chen, Queens
Beek Y Chin, Boston
Olivier Civelli, Irvine
John A Dani, Houston
Keith M Erikson, Greensboro
Eric R Fedyk, Cambridge
Pingfu Feng, Cleveland
William D Figg, Bethesda
Mitchell P Fink, Los Angeles
Masayuki Fukata, Miami
Bolin Geng, Waltham
Arup K Ghose, West Chester
Alasdair M Gilfillan, Bethesda
Neeraj Gupta, Cambridge

Malaysia 计数
Johnson Stanslas, Serdang
Netherlands 计数
Arjan Blokland, Maastricht
Eliyahu Dremencov, Groningen
Elisa Giovannetti, Amsterdam
Hidde J Haisma, Groningen
Frank A Redegeld, Utrecht
Martina Schmidt, Groningen
Frederik M van der Veen, Rotterdam
Charles J Vecht, The Hague
Joris C Verster, Utrecht
New Zealand 计数
Hesham Al-Sallami, Dunedin
Lin Yang, Dunedin
Poland 计数
Thomas Brzozowski, Cracow
Wladyslawa A Daniel, Krakow
Andrzej Pilc, Krakow
Portugal 计数
Bruno Sarmento, Porto
Cristina M Sena, Coimbra
Russia 计数
Roman G Efremov, Moscow
Saint Kitts and Nevis 计数
Ignacio Lizarraga, Basseterre
Saudi Arabia 计数
Mohamed AA Haidara, Abha
Serbia 计数
Milan Jokanovic, Belgrade
Singapore 计数
Jinsong Bian, Singapore
Gavin S Dawe, Singapore
Chang Ming Li, Singapore
Haishu Lin, Singapore
Rajkumar Ramamoorthy, Singapore
Gautam Sethi, Singapore
South Korea 计数
Ki Churl Chang, Jinju
Joohun Ha, Seoul
Sang June Hahn, Seoul
Byeongmoon Jeong, Seoul
Myung Gull Lee, Gyeonggi-Do
Won Suk Lee, Gyeongsangnam-do
Seung-Yeol Nah, Seoul
Kyoungho Suk, Daegu
Young-Hyun Yoo, Busan
Spain 计数
José L Arias-Mediano, Granada
Pedro E Bermejo, Majadahonda
Fermin Sánchez de Medina LH, Granada
Guillermo Elizondo, Mexico City
Leandro Fernandez-Perez, Las Palmas
Cristina Fillat, Barcelona
J Adolfo Garcia-Sainz, Mexico
Angel LM Gonzalez, Salamanca
Tomas Herraiz, Madrid
Miguel JA Lainez, Valencia
Jose M Lanao, Salamanca
ángel Lanas, Zaragoza
Vicente Martinez, Bellaterra
Faustino Mollinedo, Salamanca
Virginia Motilva, Sevilla
Gorka Orive, Victoria
Ricardo E Perez-Tomas, Barcelona
Susana Rodriguez-Couto, Donostia-San 
Sebastian
María E Sáez, Seville
Juan Sastre, Valencia
Juan L Tamargo, Madrid
Salvador V Zamora, Barcelona
Sweden 计数
Aleksander A Mathe, Stockholm
Hari S Sharma, Uppsala
Marie-Louise G Wadenberg, Kalmar
Cang-Bao Xu, Lund
Switzerland 计数
Stefan J Borgwardt, Basel
Felicien Karege, Geneva
Taiwan 计数
Chia-Hsiang Chen, Zhunan
Jong-Yuh Cherng, Chia-yi
Jia-You Fang, Taoyuan
Ming-Fa Hsieh, Chung Li
Dong-Ming Huang, Miaoli County



IV March 2, 2016WJP|www.wjgnet.com

James P Hardwick, Rootstown
David W Hein, Louisville
Lawrence A Hill, Salt Lake City
Huixiao Hong, Jefferson
Andrew G Horti, Baltimore
Eric Huang, San Diego
Ying Huang, Syracuse
Basalingappa L Hungund, Orangeburg
Sally A Huston, Athens
Kenneth A Jacobson, Bethesda
Sabzali Javadov, San Juan
Douglas L Jennings, Detroit
Robert T Jensen, Bethesda
Guang-Liang Jiang, Irvine
Zhi-Gen Jiang, Portland
Harish C Joshi, Atlanta
Thomas H Kelly, Lexington
Arifulla Khan, Seattle
Mattheos Koffas, Buffalo
Zbigniew K Krowicki, New Orleans
Macus T Kuo, Houston
Lorenzo Leggio, Tehran
Jinhe Li, Abbott Park
Liwu Li, Blacksburg
Ching-Shwun Lin, San Francisco
Yong Lin, Albuquerque
Dongmin Liu, Blacksburg
Jerry J Liu, Kansas City
Ming-Cheh Liu, Toledo
Xiu Liu, Jackson
Edythe D London, Los Angeles
Jian Lu, Baltimore
Rudolf Lucas, Augusta
Qing Ma, Buffalo

Iddo Magen, Los Angeles
Gerald A Maguire, Orange
Kenneth Maiese, Newark
Stuart Maudsley, Baltimore
Christopher R McCurdy, Mississippi
Michael R McDevitt, New York
Pamela A McKinley, Detroit
Beverley Greenwood-Van Meerveld, 
Oklahoma City
Kapil Mehta, Houston
Murielle Mimeault, Omaha
Ashim K Mitra, Kansas City
Agostino Molteni, Kansas City
Nader H Moniri, Atlanta
Valentina E Moran, Bay Pines
Sandeep Mukherjee, Omaha
Oz Murat, Baltimore
Masanori Onda, Bethesda
Pal Pacher, Rockville
Hui-Lin Pan, Houston
Weihong Pan, Baton Rouge
Giulio M Pasinetti, New York
Kennerly S Patrick, Charleston
George Perry, San Antonio
James Porter, Grand Forks
Lucas Pozzo-Miller, Birmingham
Baskaran Rajasekaran, Pittsburgh
Jeff Reagan, Woodside
Victoria Risbrough, San Diego
Michael A Rogawski, Sacramento
Steven A Rosenzweig, Charleston
Arnold E Ruoho, Madison
Ahmad R Safa, Indianapolis
Shakil A Saghir, Midland

Manar M Salem, Columbus
Sanjeev Shangary, Ann Arbor
Mahesh C Sharma, Washington
Riyi Shi, West Lafayette
Amruthesh C Shivachar, Houston
Brij B Singh, Grand Forks
Xue-Long Sun, Cleveland
Manjunath N Swamy, El Paso
Yvette Taché, Los Angeles
Kevin S Thorneloe, King of Prussia
Robin L Thurmond, San Diego
Guochuan E Tsai, Torrance
Tove Tuntland, San Diego
Libor Velisek, Valhalla
Christoph FA Vogel, Davis
Christian Waeber, Charlestown
Yu-Jui Y Wan, Kansas City
Qin Wang, Birmingham
R Clinton Webb, Augusta
Thomas Wisniewski, New York
Wing Tak Jack Wong, Stanford
Jie Wu, Phoenix
Zheng-Xiong Xi, Baltimore
Da-Liao Xiao, Loma Linda
Lixia Yao, King of Prussia
Hao Yin, Cambridge
Xiaozhong Yu, Seattle
Chang-Guo Zhan, Lexington
Hanting Zhang, Morgantown
Qunwei Zhang, Louisville
Shuxing Zhang, Houston
Bao-Ting Zhu, Kansas
Chang Z Zhu, Abbott Park



W J World Journal of 
PharmacologyP

 

Contents

IWJP|www.wjgnet.com March 9, 2017|Volume 6|Issue 1|

Quarterly  Volume 6  Number 1  March 9, 2017

           MINIREVIEWS
1	 Emerging pharmacological strategies for the treatment of fibromyalgia

Lawson K



Contents
World Journal of Pharmacology

Volume 6  Number 1  March 9, 2017

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li	               Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Ya-Jing Lu	               Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

EDITORIAL OFFICE
Fang-Fang Ji, Director
World Journal of  Pharmacology
Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

PUBLICATION DATE
March 9, 2017

COPYRIGHT
© 2017 Baishideng Publishing Group Inc. Articles 
published by this Open-Access journal are distributed 
under the terms of  the Creative Commons Attribution 
Non-commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non-commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION 
http://www.wjgnet.com/esps/

IIWJP|www.wjgnet.com

ABOUT COVER

AIM AND SCOPE

Indexing/Abstracting

FLYLEAF

March 9, 2017|Volume 6|Issue 1|

NAME OF JOURNAL 
World Journal of  Pharmacology

ISSN
ISSN 2220-3192 (online)

LAUNCH DATE
February 9, 2012

FREQUENCY
Quarterly

EDITOR-IN-CHIEF
Geoffrey Burnstock, PhD, DSc, FAA, FRCS (Hon), 
FRCP (Hon), FmedSci, FRS, Professor, Autonomic 
Neuroscience Centre, University College Medical 
School, Royal Free Campus, Rowland Hill Street, Lon-
don NW3 2PF, United Kingdom

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/2220-3192/editorialboard.htm

Editorial Board Number of World Journal of Pharmacology, Sylvain G Bourgoin, 

PhD, Professor, Department of Rhumatologie et Immunologie, Centre de Recherche 

du CHUQ, Pavillon CHUL, Québec G1V 4G2, Canada

World Journal of  Pharmacology (World J Pharmacol, WJP, online ISSN 2220-3192, DOI: 10.5497) 
is a peer-reviewed open access academic journal that aims to guide clinical practice and 
improve diagnostic and therapeutic skills of  clinicians.

WJP covers topics concerning neuropsychiatric pharmacology, cerebrovascular phar-
macology, geriatric pharmacology, anti-inflammatory and immunological pharmacology, 
antitumor pharmacology, anti-infective pharmacology, metabolic pharmacology, gastro-
intestinal and hepatic pharmacology, respiratory pharmacology, blood pharmacology, uri-
nary and reproductive pharmacology, pharmacokinetics and pharmacodynamics, clinical 
pharmacology, and drug toxicology.

We encourage authors to submit their manuscripts to WJP. We will give priority to 
manuscripts that are supported by major national and international foundations and those 
that are of  great basic and clinical significance.

	 World Journal of  Pharmacology is now indexed in China National Knowledge Infrastructure 

(CNKI).

I-IV	 Editorial Board



Kim Lawson

MINIREVIEWS

� March 9, 2017|Volume 6|Issue 1|WJP|www.wjgnet.com

Emerging pharmacological strategies for the treatment of 
fibromyalgia

Kim Lawson, Department of Biosciences and Chemistry, Bio­
molecular Sciences Research Centre, Sheffield Hallam University, 
Faculty of Health and Wellbeing, Sheffield S1 1WB, United 
Kingdom

Author contributions: Lawson K researched the materials for 
the article and wrote the manuscript.

Conflict-of-interest statement: There is no conflict of interest 
associated with the author for the contributions in this manuscript.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Kim Lawson, BTech(Hons), PhD, Senior 
Lecturer, Department of Biosciences and Chemistry, Biomolecular 
Sciences Research Centre, Sheffield Hallam University, Faculty of 
Health and Wellbeing, City Campus, Sheffield S1 1WB, 
United Kingdom. k.lawson@shu.ac.uk
Telephone: +44-114-2253057
Fax: +44-114-2253066

Received: October 29, 2016
Peer-review started: November 2, 2016
First decision: December 1, 2016
Revised: January 6, 2017
Accepted: February 8, 2017
Article in press: February 10, 2017
Published online: March 9, 2017

Abstract
Fibromyalgia (FM) has been described as a chronic cli
nical condition related to multisensory hypersensitivity 

presenting with a complex of symptoms dominated by 
chronic widespread pain associated with the existence of a 
range of co-morbidities, such as fatigue, sleep disturbance, 
cognitive impairment, anxiety and depression. Current 
treatments include drugs that target serotonin and nor
adrenaline levels within the central nervous system, e.g. , 
tricyclic antidepressants, serotonin noradrenaline reuptake 
inhibitors, and voltage-gated calcium channel subunit 
ligands, e.g. , gabapentin and pregabalin. Investigation 
of a range of novel targets, such as melatoninergic, 
cannabinoid, dopamine, NMDA, angiotensin, orexin and 
opioid receptors, and ion channels, in addition revisiting 
bioamine modulation and subunits has provided efficacy 
outcomes that improve the health status of patients 
with FM. Nevertheless, modest and limited efficacy is 
often observed reflecting the heterogeneity of FM with 
existence of subpopulations of patients, the contribution of 
peripheral and central components to the pathophysiology, 
and the extensive range of accompanying co-morbidities. 
The complexity and multidimensional nature of FM is 
emphasized by the diversity of pharmacological targets 
gaining interest. Clues to underlying mechanisms which 
offer themselves as novel and potential targets for new 
medications are being provided by advances in the 
understanding of the pathophysiology of FM.

Key words: Fibromyalgia; Chronic pain; Fatigue; Central 
sensitization; NMDA receptors; Melatonin receptors; Gaba
pentanoids

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Fibromyalgia (FM) is a multidimensional chronic 
pain condition that current therapies provide modest and 
limited efficacy due to the heterogeneity of the condition, 
contribution of peripheral and central components to the 
pathophysiology, and a range of co-morbidities. Drugs 
acting on novel and existing targets, such as melatoninergic, 
cannabinoid, dopamine, NMDA, angiotensin, orexin and 
opioid receptors, ion channels, bioamine processes and 
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subunits have provided efficacy outcomes that improve the 
health status of patients with FM. An understanding of the 
pathophysiology of FM is providing potential targets for new 
medications.

Lawson K. Emerging pharmacological strategies for the treatment 
of fibromyalgia. World J Pharmacol 2017; 6(1): 1-10  Available 
from: URL: http://www.wjgnet.com/2220-3192/full/v6/i1/1.htm  
DOI: http://dx.doi.org/10.5497/wjp.v6.i1.1

INTRODUCTION
Fibromyalgia (FM) has been described as a chronic clinical 
condition related to multisensory hypersensitivity[1,2]. 
Thus, FM presents with a complex of symptoms do­
minated by chronic widespread pain, characterized 
by hyperalgesia and allodynia, as a consequence of 
amplified responses of the central nervous system 
(CNS) to peripheral sensory input leading to enhanced 
neuronal excitability. It is further complicated by the 
existence of a range of co-morbidities, such as fatigue, 
sleep disturbance, cognitive impairment, anxiety and 
depression, which present with variable intensity[1,2].  

Epidemiology
The classification of FM has often been based on fulfilment 
by the patient of the American College of Rheumatology 
(ACR) 1990 criteria which require a history (at least 3 
mo) of widespread pain in all 4 quadrants of the body 
and pain in 11 of 18 tender point sites at 9 symmetrical 
locations[3]. Application of the ACR 1990 criteria has 
resulted in the reporting of the prevalence of FM to be 
0.4%-8% of the population with the condition being more 
common in females than males[4,5]. As a consequence, FM 
presents a major financial and social burden to patients 
and healthcare systems. Although the ACR 1990 criteria 
are often used for diagnosis they were developed for 
research classification of FM and are focused to the pain 
and subjective tender point score with no consideration of 
the other symptoms characteristic of FM. The subjectivity 
of the current diagnostic approach and the lack of bio­
chemical tests for FM have led to many patients that would 
fulfil the ACR 1990 FM criteria remaining undiagnosed[6,7]. 
Thus, to accommodate the spectrum of symptoms and 
remove reliance on tender points 2010 ACR criteria were 
developed to assess somatic symptom (sleep disturbance, 
cognitive disturbance and fatigue) severity and 
widespread pain[8]. A 2016 update was published based 
on the assessment of validation studies comparing the 
2010 criteria with the ACR 1990 classification and clinical 
criteria[9]. The 2016 revision puts emphasis on generalised 
pain criterion to limit misclassification of regional pain 
disorders, recommends use of the FM symptom scale (FS 
scale), eliminates recommendation regarding diagnostic 
exclusion by the return to original 1990 proposal that “FM 
remains a valid construct irrespective of other diagnoses”, 

and combines “physician” and “patient self-report” criteria 
into a single set. 

PATHOPHYSIOLOGY
Neuronal excitability associated with amplified res­
ponses to peripheral input of the CNS leading to central 
sensitization (CS) is believed to be an underlying patho­
physiology of FM[1,2]. The enhanced excitability of the 
neurophysiology reflects altered neurotransmitter function 
and possible neuroplasticity leading to augmented sensory 
processing[10]. Peripheral nociceptive generators, such as 
nerve pathologies, neuro-inflammation, skeletal muscle 
abnormalities and ischaemia, have been reported to play 
a role in the enhanced activity of the central components 
and thereby the symptoms[11,12]. Thus, the chronic pain 
experience of patients with FM is consistent with balance 
shifts to an enhanced excitation and reduced inhibition 
within the CNS. 

Altered biochemistry in FM, where increased con­
centrations of substance P (2 to 3-fold), endogenous 
opioids (3 to 4-fold), glutamine (2-fold), nerve growth 
factor (4-fold) and brain-derived neurotrophic factor (2 
to 4-fold) in the cerebrospinal fluid (CFS) have been 
observed, is consistent with the wind-up phenomenon 
(a progressive increase in response reflective of slow 
temporal summation) leading to self-sustaining CS[1,13]. 

In healthy subjects, application of intense painful 
stimuli activates the diffuse noxious inhibitory control 
(DNIC), leading to a whole-body analgesia, which involves 
descending opioidergic and serotonergic-noradrenergic 
efferent pathways from the brain to the spinal cord that 
downregulate the pain signal. DNIC has consistently been 
reported to be reduced or absent in FM, compared to 
healthy controls[14]. An altered biochemistry of serotonin 
and noradrenaline in the cerebrospinal fluid (CSF) and 
serum is consistent with a decreased endogenous sero­
tonergic and noradrenergic activity associated with 
reduced DNIC in FM patients. The CFS levels of 5-hydroxy 
indoleacetic acid (5-HIAA), the main metabolite of sero­
tonin, and 3-methoxy-4-hydroxyphenylglycol (MHPG), 
the main metabolite of noradrenaline, and blood levels of 
L-tryptophan and serotonin are lower in patients with FM 
compared to healthy controls[1,13]. In contrast, data from 
FM patients indicates high baseline occupancy of opioid 
receptors rather than a deficiency of endogenous opioid 
release, as a consequence of normal or increased (3 to 
4-fold) endogenous opioid activity[13].

Alterations in the hypothalamic pituitary adrenal 
axis (HPA), and autonomic and cardiovascular system 
associated with systemic stress-related effects have also 
been proposed to enhance or underlie the symptoms, 
particularly the pain, of FM[2,13]. However, studies in patients 
with FM regarding alterations of these stress systems, 
are often inconsistent with abnormal HPA or autonomic 
function in only a small proportion of patients with marked 
patient and healthy subject overlap. In contrast, HPA and 
autonomic abnormalities have been suggested to be a 
consequence of the pain in FM patients[15].
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Although the pathophysiology of FM has been suggested 
to involve an inflammatory component, studies of cytokines 
have provided variable findings and have several limitations 
which could influence the outcomes[1,2,13]. Thus, the role 
of cytokines in FM have been questioned because of the 
inconsistency of measurements and lack of correlation 
with parameters of the disease[16]. The generation and 
enhancement of chronic pain characteristic of FM may be 
associated with raised pro-inflammatory cytokines, however 
it is not possible to conclude whether the inflammatory 
response is the cause of the symptoms or due to the 
changed physiology initiating the pain. Clinical trials have 
indicated no or very limited efficacy of anti-inflammatory 
drugs, such as non-steroidal anti-inflammatory drugs 
(NSAIDS) and steroids, in the treatment of FM consistent 
with a lack of a role of inflammation[2,13].    

TREATMENT STRATEGIES
Pharmacological and non-pharmacological therapeutic 
approaches are often required as treatments of the 
challenges associated with FM with drug therapy often 
focused towards the individual symptoms primarily 
the pain[1,2,9]. The complexity of FM has identified that 
psychological and social factors along with biological 
variables are associated with a biopsychosocial model[17]. 
Thus biological, psychological, and social factors require 
to be simultaneously addressed. As a consequence, 
non-pharmacological treatments such as acupuncture, 
biofeedback, cognitive behavioural therapies, exercise, 
hydrotherapy, hyperbaric oxygen therapy, mindfulness/
mind-body therapy, massage, transcranial magnetic 
stimulation, have been evaluated for the management of 
the symptoms of FM.

Acupuncture has been shown to reduce pain in various 
pain conditions, including FM[18]. It has been proposed 
that acupuncture reduces inflammation, causes the 
release of endorphins and creates a calmer mind. The 
analgesic effects of acupuncture may be associated with 
the adenosine metabolised from released adenosine 
triphosphate (ATP) activating adenosine A1 receptors[19]. 
In patients with FM, acupuncture demonstrated a 
small improvement in pain and fatigue[18]. Psychological 
and mind-body therapies, which include biofeedback, 
mindfulness, relaxation, incorporate strategies to improve 
psychological and physical well-being. In patients with FM 
mind-body therapies have been suggested to improve 
physical functioning, pain and mood, however due to 
the inconsistency in the design of studies the quality of 
the evidence is low[20]. Cognitive behavioural therapies 
provided sustained (up to 6 mo) reduction of pain, 
negative mood and disability in patients with FM[21].

Many patients with FM are deconditioned and thereby 
will gain from activity programs that involve the activation 
of endogenous analgesic conditions and increase well­
being[22]. In trials of aerobic exercise and resistance 
training improvement in pain, physical function and well-
being has been observed[23]. Although land and aquatic 
exercise were reported to be equally effective, for severely 

deconditioned individuals hydrotherapy or exercising in 
water may be particularly valuable[23,24]. 

Increasing oxygen concentration by hyperbaric oxygen 
therapy (HBOT) can induce neuroplasticity leading to 
repair of chronically impaired brain functions which may 
change the brain metabolism and glial function to rectify 
FM-associated brain abnormal activity[25,26]. In a study 
of patients with FM HBOT led to improvement of all FM 
symptoms, with significant changes in pain, physical 
function and quality of life assessments[27]. Although these 
outcomes are encouraging HBOT requires further study as 
a treatment for FM.

There is evidence of transcranial magnetic stimulation 
(rTMS) being effective in reducing the severity of the 
pain in patients with FM which has led to the use of 
this treatment approach for at least a decade[28]. Other 
studies of rTMS as a treatment of FM however remain 
inconclusive questioning the routine recommendation of 
this method[29-31].

The pharmacological treatments of FM are primarily 
aimed at lowering levels of pronociceptive excitatory 
neurotransmission or/and increasing antinociceptive 
neurotransmission in the CNS. Current treatments (Table 
1) include drugs that target serotonin and noradrenaline 
levels, e.g., tricyclic antidepressants, serotonin nora­
drenaline reuptake inhibitors (SNRIs), or voltage-
gated calcium channel subunit ligands, e.g., gabapentin 
and pregabalin[2,9]. The modulation of serotonin and 
noradrenaline levels has led to a reduction of pain, de­
pression and fatigue, and an improvement of quality of 
life in patients with FM supporting the involvement of the 
low levels of these neurotransmitters in the pathogenesis 
of FM[2,9]. Voltage-gated calcium channel subunit ligands 
decrease calcium influx with a reduction of the release 
of neurotransmitters that transmit, at least nociceptive 
signals reducing pain, anxiety and fatigue and improving 
sleep in patients with FM. Although the bioamine mod­
ulators and the ligands demonstrate efficacy in the 
management of FM symptoms, the outcomes are limited 
with only a proportion of patients experiencing a partial 
reduction of symptom severity. The limitation of the 
effectiveness of current medications is exacerbated by 
the incidence of adverse effects leading many patients to 
discontinue use[32,33].  

Suppression of neuronal excitability and neuro­
transmitter release appears to be a key pharmacological 
property to the management of FM as observed with 
the ligands and the bioamine modulators. Clues to under­
lying mechanisms as potential targets for new and novel 
medications are becoming available through advances 
in the understanding of the pathogenesis of FM. The 
complexity of FM is emphasized by the diversity of phar­
macological targets gaining interest (Table 2). The alteration 
at both central and peripheral levels of multiple biological 
mechanisms and systems has however presented a 
complex pathophysiology with a lack of clarity which pro­
cesses are a cause or consequence of FM.  Inconsistent 
success of current treatments has led to the investigation 
of a range of novel targets, such as melatoninergic, 

Lawson K. Emerging pharmacological fibromyalgia treatment strategies



� March 9, 2017|Volume 6|Issue 1|WJP|www.wjgnet.com

cannabinoid, dopamine, NMDA, angiotensin, orexin and 
opioid receptors, and ion channels, in addition revisiting 
bioamine modulation and a2d ligands (Tables 2 and 3). This 
article will focus on emerging pharmacological strategies 
involving many of these targets.

EMERGING THERAPIES
Bioamine modulation
The clinical symptoms of FM have been associated with 
altered bioaminergic neurotransmitters (noradrenaline, 
serotonin and dopamine) and involvement of serotonin and 
noradrenaline in several aspects of the pathophysiology 
of FM has, for example, been supported by the tricyclic 
antidepressant amitriptyline correlated the clinical response 
with normalization of neuronal function of areas such as the 
bilateral thalamus and basal ganglia[59]. Further, dopamine 
deficiency in the regulation of pain processes and chronic 
stress has been implicated in the pathophysiology of FM[60]. 
Drugs (droxidopa, esreboxetine, mirtazapine, pramipexole, 
TD-9855, cyclobenzaprine, trazodone) that modulate 
the bioamine system by targeting receptors, reuptake 
processes and neurotransmitter availability either individual 
or in various combination have demonstrated efficacy in the 
treatment of FM with a reduction in pain and fibromyalgia 
impact questionnaire scores (FIQ) (Table 2). Although 
dopamine release into the basal ganglia in response to 
painful stimuli is attenuated or absent, outcomes with 
dopamine receptor agonists have been inconsistent with 
pramipexole, but not ropinirole and terguride, improving 
symptoms in studies with FM patients[48,61,62]. The design of 
the clinical trials being single dose monotherapy has limited 
comparison of the outcomes of the different treatments and 
thereby mechanisms. Whilst enhancement of the activity of 
the serotonergic, noradrenergic and dopaminergic pathways 
demonstrate benefit in the management of FM symptoms, 
further studies are required to identify the preferable profile 
of drug activity and patient profile that will profit. 

Gabapentanoids
The gabapentanoid ligands, gabapentin and pregabalin, 
are used regularly in FM patients to improve quality of 
life through the reduction of pain, sleep dysfunction and 
fatigue[63]. The gabapentanoids have been suggested to 
down regulate brain glutamate release and inhibit astrocyte 
induction of glutamatergic synapse formation[64]. Thus, 
the analgesia observed with pregabalin and gabapentin 

in clinical settings has been suggested to be linked to the 
modulation of glutamatergic activity and functional brain 
connectivity. Interestingly, FM patients with the highest 
levels of glutamate were the most likely to respond to 
pregabalin decreasing glutamatergic activity in the insula[65]. 
Further, short-term pregabalin treatment of FM patients 
reduced brain gray matter volume assessed by voxel-
based morphometry within the posterior insula bilaterally 
and in the medial frontal gyrus[64]. The gray matter volume 
reductions were associated with reductions in evoked pain-
pressure assessed functional brain connectivity and reduced 
clinical pain. 

The analgesic effects and CNS side effects of the 
gabapentanoids have been associated with subtypes of 
the subunits[66]. The a2d-1 subunit has been shown to 
be primarily responsible for the analgesic effects and the 
CNS side effects involve binding of the drugs to the a2d-2 
subunit[66]. Preferentially selective a2d-1 subunit ligands 
could provide a more successful therapeutic option with 
a clinically preferable efficacy/safety profile. Mirogabalin, 
a novel selective-1 subunit ligand (5-30 mg/d) reduced 
pain with an acceptable safety profile in diabetic peripheral 
neuropathic pain during a double-blind, randomized, 
placebo controlled study[67]. The potential of mirogabalin 
as a treatment of FM is being investigated in a double-
blind, randomized, placebo controlled trial and results are 
awaited[54].

Opiates
An increased endogenous opioid activity observed in the 
CNS of FM patients may be related to a form of opioid 
hyperalgesia[13]. The use of the opioid receptor anta­
gonist naltrexone to block endogenous opioid release 
has been proposed as an effective treatment strategy in 
FM patients[47]. In a double-blind, randomized, placebo-
controlled study in FM patients low-dose naltrexone 
(LDN, 4.5 mg/d) reduced pain and improved mood, but 
failed to alter fatigue and sleep disorder[47]. The beneficial 
effects observed with LDN in patients with FM have been 
suggested to involve microglia antagonism in addition to 
blocking endogenous opioid release. Pro-inflammatory 
factors released into the CNS from microglia, which may 
be abnormally sensitized in FM, could lead to central 
facilitation of the pain processing[68]. These outcomes 
are encouraging of LDN as a promising treatment of 
FM, however further studies are required to identify the 
value of these mechanisms of action particularly glial cell 

Table 1  Currently recommended drugs for the management of fibromyalgia[9,30,31]

Drug Mechanism of action Symptom improved

Amitriptyline Tricyclic antidepressant Pain, sleep, fatigue
Cyclobenzaprine Tricyclic antidepressant Sleep
Duloxetine Serotonin-noradrenaline reuptake inhibitor Pain, sleep
Milnacipran Serotonin-noradrenaline reuptake inhibitor Pain, fatigue
Pregabalin a2d ligand Pain, sleep, fatigue
Tramadol Weak opioid and serotonin-noradrenaline reuptake inhibitor Pain
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Table 2  Emerging drug therapies with potential efficacy for the treatment of fibromyalgia

Drug Mechanism of action Regime Effect on pain      Secondary domains accessed Trial sponsor Ref.

VAS-P Significantly 
improved

No observed effect

Agomelatine Melatoninergic receptor 
agonist and 5-HT2 
receptor antagonist

25 mg/d during 
12 wk

-1.06 (5.13 - 
4.07)

FIQ, anxiety, 
depression,

Sleep disorder, 
cognitive/executive 
function, quality of 
life index

University of 
Messina

[34]

25-50 mg/d 
during 12 wk

[35]

Capsaicin Transient receptor 
potential vanilloid 1 
subunits

Topical 0.075% 
TID during 6 wk

No significant 
effect

FIQ (-9.81), 
fatigue severity, 
depression, 
myalgic score, 
pressure pain 
threshold

Anxiety, physical 
functioning

Rheumatology 
Service at the 
Specialist Clinic of 
Cantabria

[36]

Dronabinol (delta-9-
tetrahydrocannabinol)

Cannabinol Daily dose 2.5 -15 
mg during 7 mo

-3.5 (7.9-4.4) Anxiety, 
depression, 
quality of life

Heidelberg 
University

[37]

Droxidopa Noradrenaline prodrug 600 mg TID 
during 9 wk

-1.64 (cf pl 
-0.74)

FIQ (-9.72) Chelsea 
Therapeutics/
Lundbeck

[38]

Esreboxetine Noradrenaline reuptake 
inhibitor

4/8/10 mg/d 
during 14 wk

-1.55 - 1.85
(cf pl -0.42 - 
-0.76)

FIQ (-3.88 to 
-7.12), PGIC 
score, GFI score 
(-0.30 to -0.64)

SF-36 physical 
function score

Pfizer [39]

IMC-1
Celecoxib + 
famciclovir

Viral suppression of 
herpes virus

Fixed dose 
combination 
during 16 wk

-1.9 FIQ (-17.5), 
PGIC, fatigue

Innovative Med 
Concepts

[40]

Melatonin Endogenous melatonin 
receptor ligand

10 mg/d during 
6 wk

-1.74 
(6.49-4.75)

FIQ (-17.7), 
sleep, tender 
points

Brazilian 
Committee for 
Development of 
Higher Education 
Personnel and 
National Council 
for Scientific and 
Technological 
Development 

[41]

10 mg/d plus 
25 mg/d 
amitriptyline 
during 6 wk

-2.1 (6.96-4.86) FIQ (-24.7), 
sleep, tender 
points

Memantine NMDA antagonist 20 mg/d during 
5 mo

-1.9 (cf pl -3.1)
(6.9-5.0)

FIQ (-13.2), CGI, 
Quality of life 
score,

Cognitive state, 
depression

Aragon Institute of 
Health Sciences

[42]

Mirtazapine (Org 3770) a2 adrenergic and 
5-HT2 and 5-HT3 
receptor antagonist

15 mg/d during 
1 wk then 30 
mg/d during 12 
wk

-1.6 (cf pl -0.4) FIQ (-12.9), 
anxiety, 
depression, PGIC, 
quality of life

Meiji Seika Pharma 
Co., Ltd.

[43,44]

Nabilone Cannabinoid receptor 
agonist

0.5-1.0 mg during 
4 wk

-2.04 (cf pl 
-1.43)

FIQ (-12.07), 
anxiety

University of 
Manitoba

[45]

0.5-1.0 mg during 
2 wk

No effect Sleep Pain, mood, quality 
of life

Winnipeg Regional 
Health Authority

[46]

Naltrexone Opioid receptor 
antagonist

4.5 mg/d during 
12 wk

-1.55 (cf pl 
-0.43)

Mood Sleep, fatigue Stanford 
University

[47]

Pramipexole Dopamine agonist 4.5 mg/d during 
14 wk

-2.48 (cf pl 
-1.77)

FIQ (-9.57), 
physical 
function, fatigue

Mood, depression, 
anxiety, tender 
point score

[48]

TD-9855 Noradrenaline 
serotonin reuptake 
inhibitor

20 mg/d during 
6 wk

-1.4 (cf pl -0.5) FIQ (-16.2), 
PGIC, global and 
cognitive fatigue

Theravance 
Biopharm

[49]

TNX102SL 
cyclobenzaprine

Noradrenaline, 
serotonin reuptake 
inhibition, adrenergic 
and serotonin receptor 
antagonist

1-4 mg/d during 
8 wk

-0.6 (cf pl -0.6) Fatigue, 
tenderness, 
sleep, 
depression

Tonix 
Pharmaceuticals

[50,51]

Trazodone 5-HT receptor 
antagonist and 
serotonin reuptake 
inhibitor

50-300 mg/d 
during 12 wk 
then trazodone/
pregabalin 
(max 450 mg/d) 
during 12 wk

-0.45 FIQ (-10), 
fatigue, 
stiffness, 
anxiety, 
depression, PGI

Universidad de 
Granada

[52]

-1.29 FIQ (-13.4)

CGI: Clinical Global Impressions; FIQ: Fibromyalgia impact questionnaire; GFI: Global fatigue index; PGI: Patient global improvement; PGIC: Patient’s global 
impression of change; SF-36: 36-item short form health survey; cf pl: Compared with placebo; TID: 3 times daily; VAS-P: Visual Analog Scale of Pain based on a 0-10 
scale.
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modulation.

NMDA receptors
The glutamate NMDA receptors, particularly those within 
the dorsal horn of the spinal cord, are fundamental in 
nociceptive transmission and synaptic plasticity and thereby 
are considered a target for the treatment of neuropathic 
pain[69]. Elevated levels of glutamate in key pain-processing 
areas of the brain, which change in response to treatment 
that attenuates the pain, have been observed in FM 
patients[70,71]. NMDA receptor antagonists, ketamine, 
dextromethorphan and memantine, have shown efficacy 
in FM patients which is consistent with an attenuation of 
an increased glutaminergic activity[2,13]. Memantine in a 
double-blind, randomized placebo-controlled trial evoked 
a significant reduction in pain and improved quality of 
life assessment, but did not provide benefit against the 
cognitive state and depression in FM patients[42]. Further, an 
increase in cerebral metabolism with a correlation between 
the FIQ score and the choline levels in the posterior insula 
was reported in FM patients receiving memantine[42]. Use 
of memantine, like other NMDA antagonists, in the clinic is 
limited due to the adverse effects profile and the treatments 
not being well tolerated, in addition to the benefits in FM 
appear to be within a subset of patients. Several adverse 
effects of NMDA receptor antagonists are believed to be 
interference with physiological NMDA receptor function in 
the CNS[69]. Thus, development of NMDA receptor subtype 
specific antagonists (e.g., NR2A, NR2C, NR2D) that 
maintained the physiological function whilst suppressing 
the increased activity of glutamatergic pathways could 
offer a preferable treatment approach to FM. To target 
mechanisms that regulate NMDA receptor activity, such as 
phosphorylation sites and interacting kinases (e.g., casein 
kinase 2, Src-NADH dehydrogenase), rather than the 
channels may offer an alternative approach to improve the 
therapeutic window[69]. Expression levels of regulating signal 
mechanisms of NMDA receptor function were increased in 
the spinal cord neurons in a mouse model of FM, where 
hyperalgesia was induced by intramuscular acid saline 
injection[72]. Improved pain effects in this animal model 
implicated a reduced NMDA-pCAMKIIa-pCREB signalling 
which may represent a novel therapeutic target for FM[72].

The contribution of NMDA receptor activity in the 
symptoms of FM has also been related to the efficacy of 
the gabapentanoid drugs. Pregabalin treatment decreased 
glutamatergic activity in the insula of FM patients[65], 
further supporting the contribution of glutamatergic acti­
vity to the pathophysiology of the symptoms of FM and 
highlighting modulation as a therapeutic approach of 
interest. 

Melatonin receptors
Melatonin (N-acetyl-5-methoxytryptamine) and novel 
melatonin analogues have exhibited analgesic properties 
in addition to regulating sleep consistent with potential use 
as a therapeutic approach of chronic pain conditions such 
as FM[73]. Severity of pain, tender point score, sleep quality, 
depression and anxiety were significantly improved by 

melatonin (3 or 5 mg at bedtime) in studies in patients with 
FM[41,74]. Studies involving combined therapy of melatonin 
and the tricyclic antidepressant amitriptyline demonstrated 
superior improvement in symptoms relative to amitriptyline 
alone, but not over melatonin treatment alone[41]. Thus, the 
serotonergic-noradrenergic components of the descending 
endogenous pain-modulating system appeared to be 
improved by the concomitant stimulation of melatoninergic 
receptors and thereby abnormality of the melatoninergic 
system may also play a role in the pathogenesis of FM. 
Consistent with this proposal agomelatine, a melatonin 
analogue with melatoninergic receptor antagonist and 
serotonin 5-HT2C receptor antagonistic properties, im­
proved pain, depression and anxiety symptoms, but failed 
to improve sleep quality in patients with FM[34,35].

Cannabinoids
The proposal of cannabinoids as a treatment of FM is 
consistent with the implication that endocannabinoids, which 
are involved in regulation of pain processing and chronic 
stress, are deficient in the CNS of patients with FM[75]. The 
cannabinoids nabilone (0.5-1.0 mg/d) and dronabinol (a 
synthetic form of delta-9-tetrahydrocannabinol, THC; 7.5 
mg/d) significantly reduced pain, depression and anxiety 
levels in patients with FM leading to an improvement of 
quality of life[37,45,46]. The incidence of adverse effects and 
drop-out rates up to 25% during the clinical trials would 
suggest the clinical use of nabilone and dronabinol may 
be limited[37,45,46]. The hepatic metabolites from first-pass 
metabolism of cannabinoids are believed to be responsible 
for the psychotropic effects. The transdermal delivery of 
D-(-)-glyceric acid ester of THC, ZYN001, avoids first-
pass hepatic metabolism and leads to rapid hydrolyzation 
by esterases in the skin to THC[58,76]. Evaluation of the 
transdermal application of ZYN001 in FM patients should 
provide an improved tolerability profile for a cannabinoid[58]. 

Substance P
In patients with FM the cerebrospinal fluid levels of 
substance P are raised which would lead to the activation 
of neurokinin (NK) receptors with the possibility of inducing 
pain[13]. NK receptor antagonists in clinical trials in FM 
and other chronic pain states either failed to demonstrate 
efficacy or provided inconsistent outcomes[2]. Nociceptive 
processes, however, are desensitized, due to the depletion 
of substance P, by the action of capsaicin on transient 
receptor potential vanilloid 1 subunits (TRPV1) located in 
peripheral nociceptors[77]. In patients with FM refractory 
to other treatments, significant improvement in myalgic 
scores, pain threshold, mood and fatigue were reported 
following topically applied capsaisin (0.075% 3 times daily 
during 6 wk)[36]. Although the visual analogue scale (VAS) of 
pain was not significantly changed in this study, the impact 
of FM on the patients as determined by the fibromyalgia 
impact questionnaire was reduced leading to short-term 
improvement. These findings are consistent with substance 
P-induced modulation of peripheral nociceptors leading to 
activation of central neuronal mechanisms responsible for 
the symptoms of FM.
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IMC-1
IMC-1 is a a proprietary fixed-dose combination of 
celecoxib, a COX-2 inhibitor, and famciclovir, an anti-viral 
nucleoside analog, that has demonstrated efficacy in 
the treatment of FM in a 16-wk, double-blind, placebo-
controlled trial[40]. In patients with FM, IMC-1 reduced the 
pain and fatigue, and improved the overall wellbeing as 
assessed by the fibromyalgia impact questionnaire and 
patient global impression of change. In January 2016, 
IMC-1 as a potential treatment for FM was granted “Fast 
Track” designation by the FDA[78]. 

Novel drugs
A number of drugs that have demonstrated efficacy 
in neuropathic pain conditions have gained interest as 
potential treatments of FM and thereby been proposed 
as candidates for clinical trials (Table 3).

EMA401 is a small molecule angiotensin II type 2 
receptor antagonist that has exhibited analgesic properties 
in postherpatic neuralgia[79]. FM has been identified 
as a pain condition that may gain benefit from such a 
treatment approach[53]. Flupirtine is an analgesic that 
exhibits KV7 channel activator properties resulting in the 
stabilization of neuronal activity[54,80]. A preliminary open-
label study demonstrated that flupirtine had the potential 
to improve the pain, fatigue and sleep disturbance 
associated with FM[81]. Controlled clinical trials in FM with 
flupirtine have been proposed[54]. Orexin peptides and 
the two orexin receptors (A and B) play a fundamental 
role in the arousal and sleep/wake cycle[82]. Abnormality 
in the orexin system can lead to sleep disorders such as 
catalepsy and narcolepsy. Thus, antagonists of orexin 
receptors blocking the binding of wakefulness-promoting 
neuropeptides orexin A and orexin B to their respective 
receptor sites represent a new class of medications for 
the treatment of insomnia and other sleep disturbance 
disorders. Suvorexant is a dual orexin receptor antagonist 
approved by the FDA which has demonstrated efficacy in 
decreasing time to sleep onset and increasing total sleep 
time[82]. The investigation of suvorexant in insomnia co-
morbid with FM has been proposed with the assessment 
of effects on sleep, pain and fatigue[56]. Yokukansan, a 
Japanese herbal medicine, acts on the glutamatergic and 
serotonergic nervous systems and is used in the treatment 
of psychiatric disorders[83]. Efficacy as an analgesic has 
been demonstrated by yokukansan in neuropathic pain 

conditions with suggested greater effectiveness than 
tricyclic antidepressants, carbamazepine, gabapentin, and 
opioids[84]. Thus, the potential of alleviating pain in FM by 
yokukansan has been suggested, and the outcomes of 
clinical trials are awaited[58]. 

CONCLUSION
FM is a complex chronic pain condition where current and 
emerging pharmacological therapies suppress the central 
hyper-excitability associated with the pathophysiology. 
A diversity of pharmacological targets and mechanisms 
such as bioamine modulation, subunits, NMDA receptors, 
melatonin receptors and cannabinoid receptors, has been 
identified at which drugs act to demonstrate effectiveness in 
the management of the symptoms of FM. Although efficacy 
has been demonstrated by many of the drug treatments 
discussed leading to improved health status in patients with 
FM, outcomes related to individual mechanisms of action 
were not always consistent and not all symptoms were 
controlled by a single drug. The modest and limited efficacy 
often observed may reflect the heterogeneity of FM with 
existence of subpopulations of patients, the contribution of 
peripheral and central components to the pathophysiology, 
and the extensive range of accompanying co-morbidities. 
Although the optimal treatment approach would be drug 
monotherapy, the complexity and multidimensional nature 
of FM emphasizes the need for a pharmacology targeting 
multiple molecular mechanisms. In addition to biological 
variables psychological and social factors have been 
identified to contribute to the complexity of FM supporting 
consideration of a biopsychosocial model. Nevertheless, 
clues to underlying mechanisms as novel and potential 
targets for new medications are being provided by advances 
in the understanding of the pathophysiology of FM. 
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Abstract 
Tenofovir disoproxil fumarate is used in the management 
of hepatitis B and human immunodeficiency virus in
fection. We present a 50 years old lady, post liver 
transplant, who was switched over from entecavir to 
tenofovir, for management of hepatitis B reactivation. 
She developed bleeding diathesis and severe throm
bocytopenia was detected on investigations. Bone 
marrow examination showed normocellular marrow with 
megakaryocytes. Tenofovir was stopped and she was 
started on intravenous immunoglobulin, followed by 
steroids. There was improvement in platlet counts. The 
case highlights a rare side effect of tenofovir therapy. 

Key words: Tenofovir; Hepatitis; Thrombocytopenia

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The present case report highlights a rare side 
effect of tenofovir therapy for hepatitis B infection. As the 
drug is commonly used in for management of hepatitis 
B and human immunodeficiency virus infection, the 
knowledge to this rare side effect would help physicians to 
be more watchful and improve patient management. 

Jain M, Vargese J, Venkatatraman J. Tenofovir induced severe 
thrombocytopenia. World J Pharmacol 2017; 6(2): 11-13  Available 
from: URL: http://www.wjgnet.com/2220-3192/full/v6/i2/11.htm  
DOI: http://dx.doi.org/10.5497/wjp.v6.i2.11

INTRODUCTION
Tenofovir disoproxil fumarate is often used in management 
of hepatitis B and human immunodeficiency virus (HIV) 
infection. Nausea, vomiting, renal dysfunction and 
abdominal discomfort are the known adverse effects of 
the drug[1]. We report a case of post liver transplant severe 
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thrombocytopenia following introduction of prophylactic 
tenofovir.

CASE REPORT
A 50 years old lady had undergone deceased donor 
liver transplantation for hepatitis C related cirrhosis in 
2013. The donor was anti HBc positive. Post transplant, 
she was treated for recurrence of hepatitis C virus (HCV) 
infection at 6 mo with sofosbuvir and simeprevir. For 
new onset tuberculous pleural effusion she received a 
complete course of antituberculous medication. She 
was also initiated on entecavir 0.5 mg once a day as 
prophylaxis for hepatitis B virus (HBV) infection. The 
HCV cleared with a sustained viral response at one year. 
The HBV DNA load which was not detectable in the 
immediate post transplant period increased to 13665 
IU/mL at end of one year and this was attributed to 
a default in adherence to the treatment. Patient was 
switched over to Tenofovir 300 mg once a day. 

Four weeks later after initiation of tenofovir, she 
developed bleeding gums, and generalised ecchymoses. 
Apart from tacrolimus she was not on any other 
medication or alternative systems of medicine. On 
evaluation, the platelet count dropped to 3000 cells 
per cu.mm, haemoglobin was 10.8 g/dL, with a total 
leukocyte count of 4500/cu.mm. Liver function tests 
including trasnminases were normal (ALT 27 IU/L, AST 
32 IU/L). Serum creatininewas 0.8 mg/dL and blood 
Tacrolimus trough value was 4.3 ng/mL. She received 
several platelet transfusions but the levels were not 
sustainable. Peripheral smear did not show platelet 
clumping or satellitism. Other investigations included 
reticulocyte count (4.5%), Lactate dehydrogenase (489 
U/L), serum haptoglobin [< 7.30, d-Dimer (negative)], 
Direct Coombs test (negative) and serum anti-nuclear 
antibody (negative). Bone marrow aspiration and biopsy 
showed normocellular marrow with megakaryocytes. 
The possibility of immune mediated thrombocytopenia 
was considered and she was started on intravenous 
immunoglobulins 1 mg/kg per day for 2 d. Her platelet 
counts improved dramatically to 124000 cells per cu 
mm and she was started on steroids and folic acid. In 
absence of any known factor and documentation of 
thrombocytopenia 4-wk after initiation of tenofovir, the 
latter was considered as the possible aetiological agent. 
She was switched over to entecavir. On follow up a 
month later, her liver function tests were normal and 
platelets had improved to 131000/cu.mm.

DISCUSSION
Tenofovir is a commonly used drug in management 
of hepatitis B. It is used in a dose of 300 mg/d. It is 
mainly metabolised and excreted by the kidneys with a 
half life of 14-17 h[2]. The common side effects include 
renal dysfunction, Fanconi’s syndrome, pneumonia, 
pancreatitis, cutaneous lesions and diabetes insipidus[3]. 
Thrombocytopenia as an adverse effect has been re

ported with use of interferon, adefovir, lamivudine and 
entecavir while treating patients with chronic hepatitis 
B[4,5]. However, tenofovir induced thrombocytopenia, 
though reported in FDA safety reports, has rarely been 
described in clinical setting. Though there have been few 
reports in patients with HIV infection on antiretroviral 
therapy, the drug induced thrombocytopenia (DITP) 
following tenofovir monotherapy for hepatitis B is less 
well described[6,7].

DITP is an increasingly common cause of throm
bocytopenia[8]. DITP typically presents 5 to 10 d after 
beginning daily drug dose, or within hours after re-
exposure to a drug that has been taken occasionally for a 
period of time. It is characterised by rapid onset, bleeding 
manifestations and platelet counts below 20000/cu.mm. 
It may mimic primary immune thrombocytopenia (ITP)[9]. 
It is often reported in patients who are hospitalised, or 
are on multiple medications with combination of co-
morbidities[10].

Many drugs can cause thrombocytopenia either by 
non-immune or immune mechanisms. Non-ITP results in 
suppression of platelet production by general myelotoxicity, 
dose-dependent myelosuppression or interference with 
specific megakaryocyte function. Immune-mediated 
thrombocytopenia results in accelerated platelet des
truction by drug-dependent platelet antibodies that cause 
platelet clearance or activation. A thorough clinical and 
drug history is essential to exclude herbal medicines, food 
additives and supplements before making a diagnosis of 
DITP[11]. Despite this, diagnosis is difficult in a handful of 
cases and is often considered as circumstantial[12,13]. Arnold 
et al[14] have enlisted 16 drugs that met both clinical and 
laboratory criteria for causing DITP. 

Our patient was on long term immunosuppression 
with tacrolimus and had recent history of exposure to 
tenofovir. Within 4 wk of initiation of tenofovir, she developed 
severe thrombocytopenia suggesting the causative 
effect following tenofovir exposure. Though drug specific 
autoantibodies and antiplatelet antibodies were not done, 
improvement with steroids, intravenous immunoglobulin 
and tenofovir withdrawal suggests our patient indeed 
have a drug mediated adverse effect. We did not consider 
reintroducing tenofovir for fear of a hypersensitive 
reaction. Instead we reintroduced entecavir and patient is 
doing well with no further set back. 

The present case report highlights an unlikely side 
effect of tenofovir therapy that should be kept in mind 
by prescribing physicians.

COMMENTS
Case characteristics
Post liver transplant patient presented with bleeding diathesis and throm­bocytopenia 
within 4 wk of starting tenofovir therapy for hepatitis B.

Clinical diagnosis
Bleeding diathesis probably related to low platelets.

Differential diagnosis
Possibilities of immunosuppression induced blood dyscrasias, immune throm­
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bocytopenia and drug induced thrombocytopenia were considered.

Laboratory diagnosis
Confirmed thrombocytopenia in the absence of anti-nuclear antibodies, 
elevated d-Dimer levels and autoantibodies.

Pathological diagnosis
Normocellular marrow with megakaryocytes.

Treatment
Intravenous immunoglobulin, cessation of tenofovir.

Experiences and lessons
Knowledge of monitoring of platlets in patients of tenofovir therapy may help to 
prevent drug related severe thrombocytopenia.

Peer-review
This report highlights a rare case of thrombocytopenia after switching therapy 
to tenofovir DF.
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