
Trends in Andrology and Sexual Medicine
Series Editors: E.A. Jannini, M. Maggi, A. Lenzi, C. Foresta

Antioxidants 
in Andrology

Giancarlo Balercia · Loredana Gandini
Andrea Lenzi · Francesco Lombardo
Editors



   Trends in Andrology and Sexual Medicine     

 Series editors 
   Emmanuele    A.    Jannini   
  Chair of Endocrinology and Sexology (Endosex)
Department of Systems Medicine 
 University of Rome Tor Vergata 
  Italy   

   Mario     Maggi   
  Andrology Unit 
 University of Florence 
 Italy  

   Carlo     Foresta   
Department of Histology, Microbiology, and Medical Biotechnologies   
 Center for Male Gamete Cryopreservation 
 University of Padua 
 Italy  

   Andrea     Lenzi   
  Department of Experimental Medicine 
 Sapienza University of Rome  
 Italy   



      This series will serve as a comprehensive and authoritative resource that presents 
state of the art knowledge and practice within the fi elds of Andrology and Sexual 
Medicine, covering basic science and clinical and psychological aspects. Each vol-
ume will focus on a specifi c topic relating to reproductive or sexual health, such as 
male and female sexual disorders (from erectile dysfunction to vaginismus, and 
from hypoactive desire to ejaculatory disturbances), diagnostic issues in infertility 
and sexual dysfunction, and current and emerging therapies (from assisted repro-
duction techniques to testosterone supplementation, and from PDE5i to SSRIs for 
premature ejaculation). In addition, selected new topics not previously covered in a 
single monograph will be addressed, examples including male osteoporosis and the 
approach of traditional Chinese medicine to sexual medicine. Against the back-
ground of rapid progress in Andrology and Sexual Medicine, the series will meet 
the need of readers for detailed updates on new discoveries in physiology and patho-
physiology and in the therapy of human sexual and reproductive disorders.

 More information about this series at     http://www.springer.com/series/13846     



       Giancarlo   Balercia     •    Loredana   Gandini    
   Andrea   Lenzi     •      Francesco   Lombardo     
 Editors 

  Antioxidants in Andrology                           



 Editors 
   Giancarlo   Balercia    
  Endocrinology Department 
 Polytechnic University of Marche 
    Ancona  
 Italy 

     Loredana   Gandini†     
  Department of Experimental Medicine 
Section of Medical Pathophysiology 
 Sapienza University of Rome 
  Rome  
 Italy   

   Andrea   Lenzi    
  Department of Experimental Medicine 
Section of Medical Pathophysiology 
 Sapienza University of Rome 
  Rome    
 Italy 

     Francesco   Lombardo    
  Department of Experimental Medicine 
Section of Medical Pathophysiology 
 Sapienza University of Rome 
  Rome    
 Italy   

        ISSN 2367-0088       ISSN 2367-0096 (electronic) 
   Trends in Andrology and Sexual Medicine  
 ISBN 978-3-319-41747-9      ISBN 978-3-319-41749-3 (eBook) 
 DOI 10.1007/978-3-319-41749-3 

 Library of Congress Control Number: 2016960198 

 © Springer International Publishing Switzerland   2017 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifi cally the rights of translation, reprinting, reuse of illustrations, recita-
tion, broadcasting, reproduction on microfi lms or in any other physical way, and transmission or infor-
mation storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this publica-
tion does not imply, even in the absence of a specifi c statement, that such names are exempt from the 
relevant protective laws and regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. 

 Printed on acid-free paper 

   This Springer imprint is published by Springer Nature  
 The registered company is Springer International Publishing AG 
 The registered company address is Gewerbestrasse 11, 6330 Cham, Switzerland 



v

  Dedic ation   

 Professor Loredana Gandini passed away because a sudden and dramatic disease on 
October 5, 2016, at the Umberto I General Hospital, in the same Sapienza University 
of Rome where she was an esteemed lecturer. Born in 1953 in the North of Italy, she 
obtained in 1980 the Degree in Biological Sciences and, four years later, the Degree 
of Specialist in General Pathology. At the end of her too short life, she was Full 
Professor of Clinical Pathology (since 2008) in the Sapienza University of Rome, 
Director of the Master in Andrology and Seminology, Director of the Complex Unit 
“Endocrine Diagnostics and Sperm Bank”. Professor Gandini wrote a number of 
very well-cited full papers on international journals and more than 100 textbooks, 
manuals, book chapters, and monographs. She served as President of the Italian 
Society of Embryology, Reproduction and Research; Member of the Board of 
Directors of the Italian Society of Andrology and Sexual Medicine, and President of 
the Italian Society of Reproductive Pathophysiology. 

 Loredana Gandini was very active in the fi eld of Endocrinology-Andrology, 
Reproductive Pathophysiology, and Immunology of Reproduction. She performed a 
constant and well-recognized effort to study, with modern techniques, the sperm 
physiology and male infertility. Most of the methods she developed have been trans-
ferred into the clinical setting. 

 She had always demonstrated her scientifi c and intellectual honesty both as 
Teacher and Scientist that did make her very well recognized in the fi eld of 
Reproductive Medicine, Endocrinology and Embryology, and Andrology but also 
she had a wonderful smile that could light up a room. 

 This book is dedicated to Lori, as we affectionately called her, outstanding fi gure 
of scientist and our friend of a lifetime.  
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      Free Radicals in Andrology                     

     Ashok     Agarwal       and     Ahmad     Majzoub    

1.1          Introduction 

 Infertility is a condition associated with major medical and social preoccupation. A 
male etiology is responsible for nearly half the cases of infertility [ 1 ] and is caused 
by alterations in sperm concentration, motility, and/or morphology [ 2 ]. Recent 
advances in the fi eld of infertility have greatly infl uenced our understanding of the 
different circumstances attributing to male factor infertility. While environmental, 
physiological, and genetic infl uences were recognized, at the molecular level, 
 oxidative stress (OS) resulting from the imbalance between oxidants and reductants 
appears to be a common denominator impairing sperm function and delaying 
pregnancy. 

 Reactive oxygen species (ROS) are highly reactive oxidizing agents that can, at 
supraphysiological levels, have a potential toxic effect on sperm quality and 
 function [ 3 ]. Like other free radicals, ROS contain unpaired electrons triggering a 
tendency for strong reactivity with other compounds. Moreover, they typically 
incite a chain reaction exposing a  vicious circle  type of activity. Under normal 
physiological  circumstances, ROS are products of natural oxygen metabolism 
 acting as vital  signaling molecules. However, excessive levels of ROS can be 
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produced secondary to a variety of environmental exposures and pathologic pro-
cesses (Fig.  1.1 ) resulting in several disease entities such as neurodegenerative 
disease, vascular disease, cancer, and infertility. To minimize the hazardous effects 
of excessive ROS levels, a number of endogenous enzymatic and nonenzymatic 
antioxidants exist scavenging or neutralizing excess ROS.

  Fig. 1.1    Factors contributing to oxidative stress-induced male infertility (Copyright license 
provided)       
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