
  

Research Overview

Men with Hodgkin’s Disease (HD), presented a downregulation of ACR, TCP1, 
CCT2, CCT3, CCT4, CCT6A, CCT7, CCT8, PRSS37 and up-regulation of ACR 
in the spermatozoa, which was associated with a defective sperm-zona 
pellucida binding. Spermatogenesis was significantly impaired in HD due to the 
downregulation of TCP1, CCT6B, RUVBL1, GSR, PRSS37 and the up-regulation 
of ACE, SERPINA5 and NUP210L. The reduced fertilizing ability of men with 
HD might be due to the downregulation of ACR, SPESP1, PRSS37 and the 
up-regulation of ACE and SERPINA5. Furthermore, the downregulation of NME8, 
SPESP1 and PRSS37 could cause a defect in the sperm function in men with 
HD compared to fertile men without HD.

The program continues to provide cutting edge knowledge, 
experience and appreciation for research with professionalism, 
integrity and humility. 

Kim Dao Ly, BS, MBA, Final Yr Med Student, USA
Alumni, 2010

Our Research - Male Infertility
The foremost goal of the Cleveland Clinic’s American 
Center for Reproductive Medicine is to investigate 
the causes of male infertility, find new approaches 
to improve semen quality, and to comprehend the 
underlying mechanisms of male infertility associated 
with various clinical etiologies. Over the last 2.5 
decades (1993 – 2018), ACRM has established itself 
as a leading laboratory in human infertility research, 
particularly in unraveling the relationship between 
oxidative stress and infertility. ACRM researchers 
have published over 670 key articles in this field and 
many of these studies continue to be cited today. For 
a publication and citation report from the Scopus 
database, please click here.

Proteomics – Our Current Research Focus
While semen analysis remains a cornerstone of 
laboratory investigation for male infertility, a routine 
semen analysis alone does not provide information on 
the underlying molecular alterations. ACRM researchers 
observed that men with reproductive cancer have poor 
sperm quality; these cases also show modifications 
in key fertility related spermatozoal proteins. These 
studies at ACRM led to the emergence of a new focus of 
research on proteomics. 

Proteomics involves careful analysis of proteins 
expressed by a cell or tissue in a particular condition. 
Proteomics has been the subject of intense research 
for many diseases during the past decade, with much 
interest devoted to reproductive implications. At present, 
more than 6,000 discrete proteins have been identified 
in semen, which represents about three quarters of the 
entire sperm proteome. 

Proteins are of significant importance in cellular 
remodeling events and aberrant expression could 
lead to marked defects in sperm function.  In 
infertility, differential proteomics may be utilized to 
study alterations in protein expression of either the 
spermatozoa or seminal plasma in comparison to  
fertile men.

The goal of our proteomics studies is to identify proteins 
that may be altered or differentially expressed in a given 
patient population that can serve as potential biomarkers 
in the diagnosis or treatment of infertility particularly in 
cancer patients prior to therapy.

Why Proteomics?
 Examination of sperm function through proteomics
 can provide additional information over conventional
 semen analysis in the workup of male infertility.

 Identification of sperm specific proteins via proteomics
 would provide a further understanding of their function
 pertaining to male infertility.

 The developing field of sperm proteomics has the
 potential to increase our knowledge about the
 numerous cellular pathways involved in sperm
 function and to help identify those with the greatest
 biological significance in men suffering from infertility. 

 Proteomics holds the key to the development of novel
 diagnostic and prognostic protein biomarkers for the
 evaluation of infertility in male cancer patients by
 comparing the differential expression of sperm and
 seminal plasma proteins in fertile vs. infertile men
 prior to cancer therapy.

 The combined application of proteomics and
 bioinformatics tools can identify major alterations in
 the proteins involved in various clinical diagnosis of
 male infertility not only related with cancer but
 also with other diseases that affect male reproductive 
 potential.

♦

♦

♦

♦

♦
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Research Overview

Downregulation of  proteins 
involved in biological 
functions such as binding 
of zona pellucida, binding 
of sperm, fertilization, 
spermatogenesis and 
spermiogenesis that can 
lead to a reduction in the 
fertility potential in men 
with testicular cancer.

The IPA analysis 
showed that sperm 
proteins implicated 
in the canonical 
pathways such 
as phagosome 
maturation and 
protein ubiquitination 
were significantly 
downregulated 
(P<0.05) whereas 
the production of 
Nitric Oxide (NO) and 
Reactive Oxygen Species (ROS) were significantly upregulated (P<0.05) in Hodgkin’s 
disease (HD) compared with fertile men without HD.

How Proteomics Studies Work
• Proteins in spermatozoa or seminal plasma samples 
 are isolated and separated into peptides, and their
 expression quantifiedand subsequently identified using
 gel electrophoresis followed by a liquid chromatography –
 tandem mass spectrometry approach. 

LTQ-Orbitrap Elite Hybrid Mass Spectrometry, in addition to traditional collision-induced 
dissociation (CID), features higher-energy collisional dissociation (HCD) that provides superior 
fragmentation and higher-quality MS/MS spectra for many types of samples. Optional electron 
transfer dissociation (ETD) preserves labile post-translational modifications of proteins. 
Intelligent data-dependent decision tree (DDDT) logic can combine multiple fragmentation 
techniques in a single analysis to significantly improve proteome coverage (Courtesy: Thermo 
Scientific, USA).

2017 Key Publications from ACRM
In addition to proteomics studies, a selection of highly cited

articles and other recent important studies published
by our Center is featured on pages 9-16.

For a comprehensive list of our research publications
in the ResearchGate database, please click here.

♦

I truly appreciate the opportunity to participate in such  
an excellent research program and to have so many life  
changing experiences with such incredible people. 

Sejal Doshi, BS, MD, USA
Alumni 2012, 2013

• Further identification of proteins separated by LC-MS/MS
 can be achieved using bioinformatic search tools such as
 Mascot and Sequest programs. Furthermore, differentially
 affected processes, pathways and cellular distribution,
 as well as protein-protein interactions can be identified by
 Gene Ontology (GO) annotations and proprietary software
 packages such as Ingenuity Pathway Analysis (IPA).

• The potential proteins that have been identified as
 differentially expressed are further validated by Western
 Blot, ELISA or immunohistochemistry to identify the
 biomarker status of the proteins in various pathological
 conditions attributed to impairment of fertility related
 with cancer or in patients with other etiologies.

• Differentially expressed that are involved in sperm
 function, sperm motility and other functions related to
 reproduction may serve as novel biomarkers in
 the identification of the origin of poor sperm quality.

• These biomarkers may help urologists identify better 
 options for clinical management of infertile men.

Major alterations of spermatozoa proteins in 
men with Hodgkin’s disease 
This project will identify alterations in sperm proteins in 
men with Hodgkin disease who undergo sperm banking 
before cancer therapy. It is not clear how the disease 
affects the reproductive function in these men. Proteomic 
analysis and bioinformatics tools will be used to analyze the 
spermatozoa proteome to search for alterations in important 
reproductive functions affecting sperm quality in these 
men. Key proteins associated with important processes 
and pathways will be identified to help understand the 
mechanism(s) associated with poor sperm quality in these 
men before cancer treatment.

Sperm protein alterations in men with 
Testicular Cancer
Testicular cancer is one of the most common treatable 
causes of cancer in men within the reproductive age (20-
34 years). Testicular cancer is known to affect male fertility 
due to decreased sperm quality. The aim of this study is 
to understand the molecular mechanisms involved in male 
infertility in men with testicular cancer utilizing proteomic 
and bioinformatic tools and to identify possible biomarkers 
that could be used for diagnostic purposes.

A list of our recent proteomic publications is featured 
on pages 9-10. Through these preliminary studies, we 
have established a platform to utilize proteomic tools to 
unravel the underlying mechanisms of these etiologies 
of male infertility. Results of these proteomics studies 
could eventually lead to the identification of appropriate 
antioxidant therapy to alleviate oxidative stress-related 
infertility. 

While we continue to rely on conventional semen 
parameters in the evaluation of the subfertile male, 
proteomic analysis holds great promise as a diagnostic 
tool in the reproductive medicine armamentarium. With 
the identification of novel biomarkers through proteomic 
studies, clinical tests and treatments for sperm dysfunction 
may be developed to potentially help infertile couples.

Research Fellowship Brochure American Center for Reproductive Medicine | 11



Research Overview

Banu Gopalan, PhD
Director of Bioinformatics Consulting 

Services, Yorg Corporation 
Plano, Texas

Jeff Hammel, MS
Senior Biostatistician

Cleveland, Ohio

Amy Moore, BA
Manager, Medical Editing Services, 

Education Institute 
Cleveland Clinic

Selected Research on Proteomics and Infertility Published by Our Center

Agarwal A, Ayaz A, Samanta L, Sharma R, Assidi M, 
Abuzenadah AM, Sabanegh E.
Clin Proteomics. 2015 Aug 28;12(1):23. doi: 10.1186/
s12014-015-9094-5.
PMID: 26321892   IF: 3.47

Agarwal A, Sharma R, Durairajanayagam D, Ayaz A, Cui Z, 
Willard B, Gopalan B, Sabanegh E.
Reprod Biol Endocrinol. 2015 Feb 22;13:8. doi: 10.1186/
s12958-015-0007-2.
PMID: 25890347  IF: 2.14

Sharma R, Agarwal A, Mohanty G, Hamada AJ, Gopalan B, 
Willard B, Yadav S, du Plessis S.
Reprod Biol Endocrinol. 2013 May 20; 11:48. doi: 
10.1186/1477-7827-11-48.
PMID: 23688036   IF: 2.41

Agarwal A, Sharma R, Durairajanayagam D, Cui Z, Ayaz 
A, Gupta S, Willard B, Gopalan B, Sabanegh E.
Asian J Androl. 2016 Jan-Feb;18(1):43-53. doi: 
10.4103/1008-682X.153848.
PMID: 25999357 IF: 2.53

Hamada A, Sharma R, du Plessis SS, Willard B, Yadav SP, 
Sabanegh E, Agarwal A.
Fertil Steril. 2013 Apr; 99(5):1216-1226.e2. doi: 10.1016/j.
fertnstert.2012.11.046.
PMID: 23312230   IF: 4.295

Ralf Henkel, PhD, Habil
Head of Department Head, 

Medical Bioscience 
University of the Western Cape 

Bellville, South Africa 

Zhihong C, Sharma R, Agarwal A.
Asian J Androl. 2016 Sep-Oct;18(5):735-46. doi: 
10.4103/1008-682X.164924.
PMID: 26510506 IF: 2.53

Agarwal A, Sharma R, Samanta L, Durairajanayagam D, 
Sabanegh E.
Asian J Androl. 2016 Mar-Apr;18(2):282-91. doi: 
10.4103/1008-682X.170445.
PMID: 26732106  IF: 2.53
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Belinda Willard, PhD
Director, Proteomics Core
Lerner Research Institute

Our Research Collaborators

The combination of things I learned at the program truly 
makes it a unique program. It is multi-faceted and thus a 
valuable asset to any career path. 

Julia Tsinberg, BS, USA 
Alumni 2014

Agarwal A, Sharma R, Durairajanayagam D, Cui Z, Ayaz A, 
Gupta S, Willard B, Gopalan B, Sabanegh E.
Urology. 2015 Mar;85(3):580-8. doi: 10.1016/j.
urology.2014.11.030.
PMID: 25733269  IF: 2.36
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Agarwal A, Sharma R, Roychoudhury S, Du Plessis S, 
Sabanegh E.
Fertil Steril. 2016 Sep 1;106(3):566-573.e10. doi: 10.1016/j.
fertnstert.2016.05.013.
PMID: 27260688 IF: 4.42

Agarwal A, Sharma R, Roychoudhury S, Du Plessis S, 
Sabanegh E.
Reproductive Biomed Online. 2017 Jan;34(1):48-57. 
doi:10.1016/j.rbmo.2016.10.008.
PMID: 27839743 IF: 2.796

Agarwal A, Cho CL, Esteves SC.
Curr Opin Obstet Gynecol. 2016 Jun;28(3):164-71. 
doi: 10.1097/GCO.0000000000000271
PMID: 27054510 IF: 2.416

Vij SC, Sabanegh E Jr, Agarwal A.
Expert Opin Biol Ther. 2018 Jan;18(1):19-23. doi: 
10.1080/14712598.2018.1380622. Epub 2017 Sep 19
PMID: 28927307 IF: 3.684

Article

Diagnostic application of oxidation-reduction potential
assay for measurement of oxidative stress: clinical
utility in male factor infertility

Ashok Agarwal a,*, Shubhadeep Roychoudhury a,b, Rakesh Sharma a,
Sajal Gupta a, Ahmad Majzoub c, Edmund Sabanegh c

a American Center for Reproductive Medicine, Cleveland Clinic, Cleveland, OH 44195, USA;
b Department of Life Science and Bioinformatics, Assam University, Silchar 788011, India;
c Department of Urology, Cleveland Clinic, Cleveland, OH 44195, USA

Ashok Agarwal is a Professor at Lerner College of Medicine, Case Western Reserve University and also Head of
the Andrology Center and the Director of Research at the American Center for Reproductive Medicine, Cleve-
land Clinic Foundation, USA. He has researched extensively on oxidative stress and its implications on human
fertility.

KEY MESSAGE
We report a standardized protocol for measuring oxidative stress (as oxidative reduction potential; ORP) in
semen using the MiOXSYS System. A reference value of 1.36 mV/106 sperm/ml ORP in semen could distin-
guish normal men (controls) from male factor infertility patients. Our results confirm the reproducibility of
the test for use in a clinical setting.

A B S T R A C T

The objectives of this study were to: (i) describe a protocol measuring the oxidation-reduction potential (ORP) by MiOXSYS System as an alternative

method of seminal oxidative stress (OS) testing; (ii) establish a reference value for static ORP (sORP) to distinguish between controls and male factor

infertility patients; (iii) evaluate intra-observer and inter-observer reliability; and (iv) examine association of sORP with sperm parameters predictive

of male factor infertility. Elevated levels of sORP were seen in infertile patients (6.22 ± 1.10 mV/106 sperm/ml) compared with controls (1.59 ± 0.29 mV/
106 sperm/ml) (P = 0.004). A sORP cut-off value 1.36 mV/106 sperm/ml identified normal semen and abnormal semen quality with a sensitivity 69.6%,

specificity 83.1%, positive predictive value 85.3% and negative predictive value 65.9%. The test demonstrated strong intra-observer (CV 8.39%) and inter-

observer reliability (correlations >0.97). Higher sORP levels were associated with poor sperm parameters across the fertility status of subjects. Negative
correlations were noted with sperm parameters (concentration, total sperm count, motility and morphology) indicating these male infertility param-

eters are related to OS. In conclusion, the introduction of ORP as a novel clinical test for assessment of OS will help clinicians to better diagnose and

manage male factor infertility patients.

© 2016 Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.

* Corresponding author.
E-mail address: agarwaa@ccf.org (A Agarwal).

http://dx.doi.org/10.1016/j.rbmo.2016.10.008
1472-6483/© 2016 Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.

 CURRENT
OPINION Should we evaluate and treat sperm

DNA fragmentation?

Ashok Agarwala, Chak-Lam Chob, and Sandro C. Estevesc

Purpose of review
The clinical utility of sperm DNA fragmentation tests needs to be revisited in light of increasing evidence of
detrimental effect of sperm DNA damage on reproductive outcomes.

Recent findings
Current evidence supports the association between high sperm DNA fragmentation and poor outcomes
with regards to natural conception and intrauterine insemination. The relationship between high sperm
DNA fragmentation and impaired outcomes after in-vitro fertilization and intracytoplasmic sperm injection
are more equivocal. However, recent studies indicate that poor sperm chromatin content is associated
with an increased risk of early pregnancy loss after in-vitro fertilization and intracytoplasmic sperm
injection. Several strategies are proposed to alleviate sperm DNA fragmentation and/or select sperm
with higher quality chromatin content for assisted reproductive techniques. The intake of oral antioxidants,
varicocele repair, use of recurrent ejaculations alone or combined with micromanipulation-based sperm
selection techniques, and the use of testicular sperm for intracytoplasmic sperm injection have been
attempted with promising results.

Summary
Sperm DNA fragmentation tests provide clinically relevant information for natural conception and artificial
reproduction independent of those derived from conventional semen parameters. The increasing knowledge
of paternal factors on pregnancy outcome and the improvement in treatment strategies should prompt
routine evaluation of sperm DNA fragmentation in infertile couples.

Keywords
assisted reproductive technology, DNA integrity, infertility, sperm DNA fragmentation

INTRODUCTION

The predictive value of conventional semen
analysis on male fertility potential and reproductive
outcomes with assisted reproductive technology
(ART) is poor [1]. There is a need to develop new
markers and the importance of sperm DNA integrity
in human fertility is being increasingly recognized.
Sperm DNA fragmentation (SDF) tests offer an
opportunity to investigate the important genetic
content that is passed on to the subsequent gener-
ations [2]. SDF tests are complementary to, but
distinct and more significant than the conventional
semen parameters; semen analysis results only
indicate the quality of sperm as a carrier of the
DNA package. SDF test results also reflect, to a
certain extent, sperm quality [3].

On the other hand, the fact that sperm with
high DNA fragmentation can have normal motility
and morphology suggests additional prognostic
value of the assessment [4]. It is clearly shown that

infertile men have higher levels of DNA strand
breaks or other DNA defects than fertile men [5].
A higher level of SDF is also found in men with
abnormal semen parameters [6] and normozoosper-
mic partners of an infertile couple [7]. The value of
SDF as an independent attribute of semen quality in
addition to conventional semen analysis to themale
infertility evaluation has been recently confirmed

aAmerican Center for Reproductive Medicine, Cleveland Clinic, Cleve-
land, Ohio, USA, bDivision of Urology, Department of Surgery, Kwong
Wah Hospital, Yau Ma Tei, Hong Kong and cANDROFERT, Andrology
and Human Reproduction Clinic, Referral Center for Male Reproduction,
Campinas, São Paulo, Brazil

Correspondence to Dr Ashok Agarwal, PhD, American Center for
Reproductive Medicine, Cleveland Clinic, X-11, 10681 Carnegie Ave-
nue, Cleveland, OH 44195, USA. Tel: +1 216 444 9485;
e-mail: agarwaa@ccf.org

Curr Opin Obstet Gynecol 2016, 28:164–171

DOI:10.1097/GCO.0000000000000271
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Biological therapy for non-obstructive azoospermia
Sarah C. Vija, Edmund Sabanegh Jrb and Ashok Agarwalc

aGlickman Urologic and Kidney Institute, Cleveland Clinic Foundation, Cleveland, OH, USA; bDepartment of Urology, Glickman Urologic and Kidney
Institute, Cleveland Clinic Foundation, Cleveland, OH, USA; cAndrology Laboratory, Glickman Urologic and Kidney Institute, Cleveland Clinic
Foundation, Cleveland, OH, USA

ABSTRACT
Introduction: Most male patients with non-obstructive azoospermia (NOA) have no therapeutic options
outside of assisted reproductive techniques to conceive a biological child. If mature sperm cannot be
obtained from the testes, these patients must rely on options of donor sperm or adoption. Several
techniques are in the experimental stage to provide this patient population alternatives for conceiving.
Areas covered: This review discusses three of the experimental techniques for restoring fertility in men
with NOA: spermatogonial stem cell transplantation, the use of adult and embryonic stem cells to
develop mature gametes and gene therapy. After this discussion, the authors give their expert opinion
and provide the reader with their perspectives for the future.
Expert opinion: Several limitations, both technical and ethical, exist for spermatogonial stem cell
transplantation, the use of stem cells and gene therapy. Well-defined reproducible protocols are
necessary. Furthermore, several technical barriers exist for all protocols. And while success has been
achieved in animal models, future research is still required in human models.
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KEYWORDS
Gene therapy;
non-obstructive
azoospermia;
spermatogonial stem cell
transplantation; pluripotent
stem cell

1. Introduction

Infertility affects approximately 15% of couples of reproduc-
tive age. Male factor infertility plays a role in 50% of these
cases. Among patients with male factor infertility, approxi-
mately 10–15% have azoospermia [1]. Azoospermia is defined
as the absence of spermatozoa in the ejaculate. This condition
is typically classified as obstructive azoospermia (OA) or non-
obstructive azoospermia (NOA). After confirmation of NOA
with a second semen analysis, the workup of azoospermia
involves a detailed history and physical examination along
with hormonal and genetic testing. Testicular biopsy allows
for a histologic diagnosis although the underlying cause of the
azoospermia may never be determined. OA is characterized by
an obstructed flow of spermatozoa at any point along the
male genital tract. Spermatogenesis in the testis is usually
normal in these patients. The etiology of NOA is more varied.
Normal spermatogenesis requires intact and functioning semi-
niferous tubules as well as functioning Leydig cells for hormo-
nal support of spermatogenesis by producing testosterone.
NOA can be broadly classified into primary testicular failure
and secondary testicular failure. Primary testicular failure refers
to pathology localized to the testis resulting in elevated
Follicle Stimulating Hormone (FSH) and Luteinizing Hormone
(LH). Known genetic causes of infertility such as Klinefelter’s
syndrome and Y chromosome microdeletion will cause pri-
mary testis failure. Local effects from chemotherapy or radia-
tion can also cause primary testis failure and result in NOA. A
significant proportion of primary testicular failure cases are
diagnosed as idiopathic, which limits therapeutic options.

Secondary testis failure is caused by impaired pituitary secre-
tion of gonadotropins, which leads to insufficient stimulation of
the Sertoli and Leydig cells in the testis. Kallmann syndrome
results from a lack of hypothalamic Gonadotropic Releasing
Hormone (GnRH) secretion, which leads to insufficient produc-
tion of LH and FSH. This subsequently leads to secondary
testicular failure as the Sertoli cells are unable to support sper-
matogenesis and the Leydig cells are insufficiently stimulated to
provide local testosterone secretion for spermatogenesis. Men
who take supplemental testosterone will also develop second-
ary testicular failure because the supplemental circulating tes-
tosterone suppresses FSH and LH production.

Men with NOA have limited options for reproduction.
Testicular sperm extraction with Intracytoplasmic Sperm
Injection (ICSI) is possible in these patients, but it is expensive
and associated with high morbidity in the female partner. If
sperm cannot be retrieved by testicular sperm extraction,
there are no current options to maintain the reproductive
potential of these individuals. Therefore, there is significant
clinical demand for alternate therapies for NOA that would
allow the production of mature spermatozoa either using
stem cells or by gene therapy for patients with idiopathic
causes of infertility. Such a technique might allow for natural
conception in a population that is otherwise relegated to
assisted reproductive techniques. This review will cover three
experimental approaches for restoring fertility in men with
NOA: spermatogonial stem cell (SSC) transplantation, in vitro
spermatogenesis using adult or embryonic pluripotent stem
cells, and gene therapy.

CONTACT Sarah C. Vij vijs@ccf.org Cleveland Clinic Foundation, Cleveland, OH, USA

EXPERT OPINION ON BIOLOGICAL THERAPY, 2018
VOL. 18, NO. 1, 19–23
https://doi.org/10.1080/14712598.2018.1380622

© 2017 Informa UK Limited, trading as Taylor & Francis Group
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Rakesh Sharma, PhD | Associate Professor and Research Coordinator

Sajal Gupta, MD, MS, TS (ABB) | Assistant Professor and Assistant Research Coordinator

Rakesh Sharma is an Associate Professor at the Lerner College of Medicine of 
Case Western Reserve University and is the Coordinator of the Andrology Center 
and the American Center for Reproductive Medicine. Dr. Sharma has published 
over 225 scientific papers in peer-reviewed scientific journals, authored 54 book 
chapters, and presented over 400 abstracts at both national and international 
scientific meetings. He is an investigator on 60 research grants. Dr. Sharma 
is a recipient of the American Foundation for Urologic Disease (AFUD) Fellow 
Award, Merlyn F. Bumpus Junior Investigator Award, Research Excellence Award, 
Research Fellow of the Year Award, Mentor Recognition Award, Scientist of the 
Year Award, Excellence in Male Infertility Research Award and the 2012-2017 Star 
Award from the American Society for Reproductive Medicine. Dr. Sharma’s current 
research interests include the role of free radicals in the pathophysiology of male 
and female infertility, oxidative stress and DNA integrity, alterations in oxidative 
stress-related proteins, sperm proteomics apoptosis, fertility preservation and 
endometriosis-associated infertility. 

Sajal Gupta is an Assistant Professor of Surgery at the Lerner College of Medicine 
of Case Western Reserve University and is the Supervisor of the Andrology Center 
and Assistant Coordinator of Research at the American Center for Reproductive 
Medicine. She obtained a Masters in Clinical Embryology and Andrology from The 
Jones Institute for Reproductive Medicine in Virginia. Dr. Gupta has published over 
85 reviews and research articles in peer-reviewed scientific journals, authored 
a dozen book chapters and presented about 65 abstracts at both national and 
international scientific meetings. She is an investigator on 30 research grants. 
Dr. Gupta is a recipient of the Award for Highest Productivity in Female Infertility 
Research, Research Fellow of the Year Award, and Award for Excellence in Female 
Infertility Research. Her current research interests include the role of free radicals 
in male and female infertility, endometriosis, assisted reproductive techniques 
and gamete cryobiology.

sharmar@ccf.org
+1.216.444.8182

guptas2@ccf.org
+1.216.444.8182

This has been one of the most significant experiences of my life 
not only for the knowledge and professional advancement it 
helped facilitate but also for the great times I had with the staff 
and my peers. 

Stephen Bowen, BS, USA 
Alumni 2013
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20 Most Cited Articles Published by Our Center according to Google Scholar

Agarwal A, Saleh RA, Bedaiwy MA
Fertil Steril. 2003 Apr; 79(4):829-43.
PMID: 12749418   Citation count: 1168

Saleh RA, Agarwal A
J Androl. 2002 Nov-Dec; 23(6):737-52.
PMID: 12399514  Citation count: 526

Sharma RK, Agarwal A
Urology. 1996 Dec; 48(6):835-50. Review.
PMID: 8973665   Citation count: 901

Agarwal A, Makker K, Sharma R
Am J Reprod Immunol. 2008 Jan; 59(1):2-11. Review.
PMID: 18154591  Citation count: 645

Agarwal A, Gupta S, Sharma RK
Reprod Biol Endocrinol 2005 Jul 14; 3(28):1-21. Review.
PMID: 16018814  Citation count: 1081

Bedaiwy MA, Falcone T, Sharma RK, Goldberg JM, Attaran M, 
Nelson DR, Agarwal A Hum Reprod.2002 Feb; 17(2):426-31.
PMID: 11821289  Citation count: 429

Agarwal A, Said TM
Human Reproduction Update 2003 Jul-Aug; 9(4):331-45.
PMID: 12926527   Citation count: 692

Agarwal A, Nallella KP, Allamaneni SSR, Said TM
Reprod Biomed Online. 2004 Jun; 8(6):616-27. Review. 
PMID: 15169573  Citation count: 456
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Research Alumni in Andrology with Highest Research Productivity

Tamer M. Said, MD, PhD
Toronto, Canada
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Alumni 1995-96
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Damayanthi Durairajanayagam, PhD
Kuala Lumpur, Malaysia 

Alumni 2012-13 
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Publications with ACRM: 19*
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*These publications include only peer-reviewed, PubMed-indexed research articles that were either published during the Fellow’s stint at Cleveland Clinic 
or subsequently in collaboration with ACRM Faculty (search date Feb 26, 2018). For a comprehensive list of publications of these alumni with ACRM, click here.

One of the best parts of this Internship was meeting new people from different 
countries. I enjoyed the scientific writing aspect because it allowed me to read 
articles in a more critical and focused way. As for bench research, it was my first 
hands-on-experience, and now I am educated in that aspect too. I couldn’t have 
asked for a better experience or people to help guide me. 

Haya AlFaris, AlFaisal University, Saudi Arabia
Alumni 2016
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Jorge Hallak, MD, PhD
São Paulo, Brazil
Alumni 1996-98

hallakj@androscience.com.br
Publications with ACRM: 18*
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Alex C. Varghese, PhD
Kerala, India
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Publications with ACRM: 12*

Kiran P. Nallella, MD
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Alumni 2003-05 
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Nisarg R. Desai, MD
Alton, Illinois, USA
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Marcello Cocuzza, MD, PhD
São Paulo, Brazil
Alumni 2006-07

mcocuzza@uol.com.br
Publications with ACRM: 10*

“The ACRM Summer Internship has equipped me with the essential tools to thrive in medicine. The 
expectations are communicated early in the program: excellence in all scholastic activities and professional 
behavior in the workplace. The faculty are also very encouraging as they motivated me to expand the 
boundaries of what I had thought were my limits. The writing project taught me how to write in concise 
yet comprehensive manner. The weekly presentations taught me how to communicate effectively via 
careful speech and well designed PowerPoint slides. Lastly, the interactions I had with the mentors helped 
me understand that work can be fun and exciting when there is excellent teamwork. Overall, I will take 
these skills and apply them in my pursuits of a career in medicine and biomed science.”

 Albert Bui, RPh, University Heritage College of Osteopathic Medicine
Alumni 2017 
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Certificate of Training Award Ceremony

Medical technologists conducting lab testing

Andrology Open House, April 2014

The Accuri BD Flow Cytometer used to test sperm DNA damage by TUNEL assay

The research program at ACRM is very unique and offers 
diverse research experiences. I grew both professionally and 
personally under the ACRM Staff’s mentorship. 

Reecha Sharma, MD, MPH, USA 
Alumni 2010-2011
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Mechanisms of oxidative stress-induced cell damage.

Factors contributing to the development of oxidative stress 
and their impacts on female reproduction. 

Effects of oxidative stress and interventions to overcome 
its effects at different ART steps
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Abstract
With single blastocyst transfer practice becoming more common in ART, there is a greater demand
for a convenient and reliable cryostorage of surplus blastocysts. Vitrification has emerged in the last
decade as an alternative promising substitute for slow freezing. Blastocysts represent a unique
challenge in cryostorage due to their size, multicellular structure and presence of blastocoele. The
continuous acquisition of experience and introduction of many different technological
developments has led to the improvement of vitrification as a technology and improved the results
of its application in blastocyst cryostorage. The current information concerning safety and efficacy
of the vitrification of blastocysts will be reviewed along with the variables that can impact the
outcome of the procedure.

Background
With the refinement of extended culture systems, it is
becoming more reliable to obtain blastocysts in vitro [1].
Due their high implantation rates, it is becoming a com-
mon practice to limit transfer to one or two blastocysts at
a time. Therefore, surplus blastocysts require an efficient
cryopreservation method [2,3]. Slow freezing was the
main method of cryopreservation [4], but vitrification is
now on the rise. Vitrification is the glass-like solidification
of a solution at a low temperature without ice crystal for-
mation, which is made possible by extreme elevation in
viscosity during freezing. This can be achieved by increas-
ing the freezing and warming rates and/or increasing the
concentration of the cryoprotectants [5]. Unlike slow
freezing, vitrification results in the total elimination of ice
crystal formation, both within the cells being vitrified and
outside the cells in the surrounding solution [6].
Although high concentrations of cryoprotectants can be

toxic, and the vitrified solution is prone to glass fractures,
these effects can be controlled by adjusting the vitrifica-
tion protocol and technique. With vitrification, the blast-
ocyst is combined with cryoprotectants that maximize
cytoplasmic viscosity while exerting a strong dehydrating
effect. Vitrification is more convenient and is possibly
superior because it avoids ice crystal formation. Over the
last decade, vitrification techniques have been standard-
ized, tested and improved via controlled experiments
designed to elucidate the optimal conditions under which
vitrification should be performed. This review will discuss
the most commonly used loading devices, vitrification
safety in terms of perinatal outcomes, and the factors that
can affect the success of human blastocyst vitrification.
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Utility of antioxidants during assisted reproductive
techniques: an evidence based review
Ashok Agarwal1*, Damayanthi Durairajanayagam2 and Stefan S du Plessis1,3

Abstract

Assisted reproductive technology (ART) is a common treatment of choice for many couples facing infertility issues,
be it due to male or female factor, or idiopathic. Employment of ART techniques, however, come with its own
challenges as the in vitro environment is not nearly as ideal as the in vivo environment, where reactive oxygen
species (ROS) build-up leading to oxidative stress is kept in check by the endogenous antioxidants system. While
physiological amounts of ROS are necessary for normal reproductive function in vivo, in vitro manipulation of
gametes and embryos exposes these cells to excessive ROS production either by endogenous or exogenous
environmental factors. In this review, we discuss the sources of ROS in an in vitro clinical setting and the influence
of oxidative stress on gamete/embryo quality and the outcome of IVF/ICSI. Sources of ROS and different strategies
of overcoming the excessive generation of ROS in vitro are also highlighted. Endogenously, the gametes and the
developing embryo become sources of ROS. Multiple exogenous factors act as potential sources of ROS, including
exposure to visible light, composition of culture media, pH and temperature, oxygen concentration, centrifugation
during spermatozoa preparation, ART technique involving handling of gamete/embryo and cryopreservation
technique (freeze/thawing process). Finally, the use of antioxidants as agents to minimize ROS generation in the
in vitro environment and as oral therapy is highlighted. Both enzymatic and non-enzymatic antioxidants are
discussed and the outcome of studies using these antioxidants as oral therapy in the male or female or its use
in vitro in media is presented. While results of studies using certain antioxidant agents are promising, the current
body of evidence as a whole suggests the need for further well-designed and larger scale randomized controlled
studies, as well as research to minimize oxidative stress conditions in the clinical ART setting.

Keywords: Reactive oxygen species, Oxidative stress, Antioxidants, Assisted reproductive technology, In vitro
fertilization, Intracytoplasmic sperm injection, ART outcome

Background
Infertility, a disease of the reproductive system defined by
the failure to achieve a clinical pregnancy after 12 months
or more of regular unprotected sexual intercourse [1],
affects 15% of all couples, with nearly a quarter of cases
being without an identifiable causative factor [2]. Medical
treatment for infertility include in vitro fertilization (IVF)
and intracytoplasmic sperm injection (ICSI), which are
the two most common interventions used in assisted re-
productive technology (ART) [3].
Successful ART outcome, including fertilization and

clinical pregnancy resulting in live birth, is influenced by

a multitude of factors - among which reactive oxygen
species (ROS) plays a significant role [4]. The consequent
development of oxidative stress is among the chief causes
of defective gametes or poorly-developing embryos in
ART [5]. This occurs because the IVF process performed
in a clinical laboratory setting cannot recreate the exact
conditions under which natural fertilization takes place [6].
Among the crucial factors lacking in assisted reproduction
procedures is the tight control of ROS levels maintained
within physiological concentration by antioxidants in vivo
[3].
In order to optimize gamete/embryo quality and im-

prove ART outcome, deliberate preventive measures are
necessary to reduce any incidental build-up of ROS leading
to oxidative stress development during ART. One method
to achieve this would be by enhancing the antioxidant
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Abstract
Cryopreservation of ovarian tissue and in vitro follicle maturation are two emerging techniques for
fertility preservation, especially in cancer patients. These treatment regimes are opening up more
options and allow for more suitable choices to preserve fertility according to the patient's specific
circumstances. If these technologies are to become widely accepted, they need to be safe, easy to
perform and must obtain favorable results. The generation of healthy eggs with the normal genetic
complement and the ability to develop into viable and healthy embryos requires tight regulation of
oocyte development and maturation. Novel freezing techniques such as vitrification, along with
whole ovary cryopreservation and three-dimensional follicle cultures, have shown favorable
outcomes. The scope of this article is to take a comprehensively look at the challenges still faced
in order for these novel technologies to be routinely employed with the aim of successful fertility
preservation.

Background
Despite the availability of several options for fertility pres-
ervation in patients experiencing premature ovarian fail-
ure (POF) due to chemo- or radiotherapy, embryo
cryopreservation remains the only established method of
preserving fertility, according to The Ethics Committee of
the American Society for Reproductive Medicine (ASRM)
[1,2]. This may not be the most appropriate strategy as
most patients are not able to postpone cancer treatment to
undergo a cycle of ovarian stimulation. Furthermore, the
patient is required to be of pubertal age and to have a part-
ner or make use of donor sperm, rendering this method
not suitable to a large percentage of these patients.

The remaining options are either experimental or have
not been fully evaluated and thus can not be proposed to
patients at this time [3]. Cryopreservation/transplantation
of ovarian tissue and in vitro maturation (IVM) of follicles/
oocytes are two such emerging techniques. The aforemen-
tioned treatment regimes are opening up more alterna-
tives and allow for more suitable choices to preserve
fertility according to the patient's specific situation. For
these technologies to be recognized and carried out rou-
tinely, they must be safe, easy to perform and deliver suc-
cessful results. As these technologies are still quite novel,
the goal of this article is to offer an in-depth look at the
challenges that must be overcome with the cryopreserving
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Effects of increased paternal age on sperm
quality, reproductive outcome and associated
epigenetic risks to offspring
Rakesh Sharma1, Ashok Agarwal1*, Vikram K Rohra1, Mourad Assidi2,3, Muhammad Abu-Elmagd2,3

and Rola F Turki3,4

Abstract

Over the last decade, there has been a significant increase in average paternal age when the first child is
conceived, either due to increased life expectancy, widespread use of contraception, late marriages and other
factors. While the effect of maternal ageing on fertilization and reproduction is well known and several studies have
shown that women over 35 years have a higher risk of infertility, pregnancy complications, spontaneous abortion,
congenital anomalies, and perinatal complications. The effect of paternal age on semen quality and reproductive
function is controversial for several reasons. First, there is no universal definition for advanced paternal ageing.
Secondly, the literature is full of studies with conflicting results, especially for the most common parameters tested.
Advancing paternal age also has been associated with increased risk of genetic disease. Our exhaustive literature
review has demonstrated negative effects on sperm quality and testicular functions with increasing paternal age.
Epigenetics changes, DNA mutations along with chromosomal aneuploidies have been associated with increasing
paternal age. In addition to increased risk of male infertility, paternal age has also been demonstrated to impact
reproductive and fertility outcomes including a decrease in IVF/ICSI success rate and increasing rate of preterm birth.
Increasing paternal age has shown to increase the incidence of different types of disorders like autism, schizophrenia,
bipolar disorders, and childhood leukemia in the progeny. It is thereby essential to educate the infertile couples on the
disturbing links between increased paternal age and rising disorders in their offspring, to better counsel them during
their reproductive years.

Keywords: Paternal age, Infertility, Semen parameters, Reproduction, Genetics, Sperm DNA damage, Telomere length,
Aneuploidy, Epigenetics, Offspring, Assisted reproductive techniques

Background
Increased life expectancy, advanced age of marriage, various
socio-economic factors and an overall change in role of
women in society has led couples to start their family at a
later age. The increased accessibility to assisted reproduct-
ive techniques has increased the chance of older parents
with poor pregnancy outcomes to conceive children, hence,
increasing the average paternal age at first childbirth. In
comparison to 1993, the paternal age of English fathers has
increased by 15% in a period of ten years [1]. Increased pa-
ternal age affects testicular function [2], reproductive hor-
mones [3], sperm parameters [4,5], sperm DNA integrity

[6], telomere length [7], de novo mutation rate [8],
chromosomal structure [6,9] and epigenetic factors [10].
These changes negatively affect fertility and reproductive

outcomes in older couples, contributing to higher
incidences of congenital birth defects [11] and fetal deaths
[12]. Increasing male age has also been shown to be
associated with numerous disorders like achondroplasia
[13], autism [14], schizophrenia and bipolar disorders,
[14] among many others. In this review article, we will
elaborate on the effects of increasing paternal age at the
molecular level as well as examine their implications on
clinical outcomes. We hope to raise awareness among
both clinicians and older couples to the risks associated
with delayed fatherhood, which may compromise their
parenthood dreams as well as their quality of life.
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Abstract
In a healthy body, ROS (reactive oxygen species) and antioxidants remain in balance. When the balance is
disrupted towards an overabundance of ROS, oxidative stress (OS) occurs. OS influences the entire reproductive
lifespan of a woman and even thereafter (i.e. menopause). OS results from an imbalance between prooxidants
(free radical species) and the body's scavenging ability (antioxidants). ROS are a double-edged sword – they serve
as key signal molecules in physiological processes but also have a role in pathological processes involving the
female reproductive tract. ROS affect multiple physiological processes from oocyte maturation to fertilization,
embryo development and pregnancy. It has been suggested that OS modulates the age-related decline in fertility.
It plays a role during pregnancy and normal parturition and in initiation of preterm labor. Most ovarian cancers
appear in the surface epithelium, and repetitive ovulation has been thought to be a causative factor. Ovulation-
induced oxidative base damage and damage to DNA of the ovarian epithelium can be prevented by antioxidants.
There is growing literature on the effects of OS in female reproduction with involvement in the pathophsiology
of preeclampsia, hydatidiform mole, free radical-induced birth defects and other situations such as abortions.
Numerous studies have shown that OS plays a role in the pathoysiology of infertility and assisted fertility. There
is some evidence of its role in endometriosis, tubal and peritoneal factor infertility and unexplained infertility. This
article reviews the role OS plays in normal cycling ovaries, follicular development and cyclical endometrial
changes. It also discusses OS-related female infertility and how it influences the outcomes of assisted reproductive
techniques. The review comprehensively explores the literature for evidence of the role of oxidative stress in
conditions such as abortions, preeclampsia, hydatidiform mole, fetal embryopathies, preterm labour and
preeclampsia and gestational diabetes. The review also addresses the growing literature on the role of nitric oxide
species in female reproduction. The involvement of nitric oxide species in regulation of endometrial and ovarian
function, etiopathogenesis of endometriosis, and maintenance of uterine quiescence, initiation of labour and
ripening of cervix at parturition is discussed. Complex interplay between cytokines and oxidative stress in the
etiology of female reproductive disorders is discussed. Oxidant status of the cell modulates angiogenesis, which
is critical for follicular growth, corpus luteum formation endometrial differentiation and embryonic growth is also
highlighted in the review. Strategies to overcome oxidative stress and enhance fertility, both natural and assisted
are delineated. Early interventions being investigated for prevention of preeclampsia are enumerated. Trials
investigating combination intervention strategy of vitamin E and vitamin C supplementation in preventing
preeclampsia are highlighted. Antioxidants are powerful and there are few trials investigating antioxidant
supplementation in female reproduction. However, before clinicians recommend antioxidants, randomized
controlled trials with sufficient power are necessary to prove the efficacy of antioxidant supplementation in
disorders of female reproduction. Serial measurement of oxidative stress biomarkers in longitudinal studies may
help delineate the etiology of some of the diosorders in female reproduction such as preeclampsia.
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The effects of oxidative stress on female
reproduction: a review
Ashok Agarwal*, Anamar Aponte-Mellado, Beena J Premkumar, Amani Shaman and Sajal Gupta

Abstract

Oxidative stress (OS), a state characterized by an imbalance between pro-oxidant molecules including reactive
oxygen and nitrogen species, and antioxidant defenses, has been identified to play a key role in the pathogenesis
of subfertility in both males and females. The adverse effects of OS on sperm quality and functions have been well
documented. In females, on the other hand, the impact of OS on oocytes and reproductive functions remains
unclear. This imbalance between pro-oxidants and antioxidants can lead to a number of reproductive diseases such
as endometriosis, polycystic ovary syndrome (PCOS), and unexplained infertility. Pregnancy complications such as
spontaneous abortion, recurrent pregnancy loss, and preeclampsia, can also develop in response to OS. Studies
have shown that extremes of body weight and lifestyle factors such as cigarette smoking, alcohol use, and
recreational drug use can promote excess free radical production, which could affect fertility. Exposures to
environmental pollutants are of increasing concern, as they too have been found to trigger oxidative states,
possibly contributing to female infertility. This article will review the currently available literature on the roles of
reactive species and OS in both normal and abnormal reproductive physiological processes. Antioxidant
supplementation may be effective in controlling the production of ROS and continues to be explored as a potential
strategy to overcome reproductive disorders associated with infertility. However, investigations conducted to date
have been through animal or in vitro studies, which have produced largely conflicting results. The impact of OS on
assisted reproductive techniques (ART) will be addressed, in addition to the possible benefits of antioxidant
supplementation of ART culture media to increase the likelihood for ART success. Future randomized controlled
clinical trials on humans are necessary to elucidate the precise mechanisms through which OS affects female
reproductive abilities, and will facilitate further explorations of the possible benefits of antioxidants to treat infertility.

Keywords: Antioxidants, Assisted reproduction, Environmental pollutants, Female infertility, Lifestyle factors,
Oxidative stress, Reactive oxygen species, Reproductive pathology
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Lifestyle factors and reproductive health: taking
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Abstract

Approximately 10 to 15% of couples are impacted by infertility. Recently, the pivotal role that lifestyle factors play in
the development of infertility has generated a considerable amount of interest. Lifestyle factors are the modifiable
habits and ways of life that can greatly influence overall health and well-being, including fertility. Many lifestyle
factors such as the age at which to start a family, nutrition, weight, exercise, psychological stress, environmental
and occupational exposures, and others can have substantial effects on fertility; lifestyle factors such as cigarette
smoking, illicit drug use, and alcohol and caffeine consumption can negatively influence fertility while others such
as preventative care may be beneficial. The present literature review encompasses multiple lifestyle factors and
places infertility in context for the couple by focusing on both males and females; it aims to identify the roles that
lifestyle factors play in determining reproductive status. The growing interest and amount of research in this field
have made it evident that lifestyle factors have a significant impact on fertility.

Background
It has been estimated that 7.4% of women and their hus-
bands in the United States are infertile [1] and that the
number of infertile people in the world may be as high
as 15%, particularly in industrialized nations [2]. De-
creasing the number of people affected by infertility has
become a top priority for many health organizations, in-
cluding Healthy People 2020 [3]. Lifestyle factors can be
modified to enhance overall well-being and they are ul-
timately under one’s own control. They play a key role
in determining reproductive health and can positively or
negatively influence fertility.
The goal of this review is to demonstrate the potential

effects of multiple lifestyles on reproductive health for
both men and women. The review focuses primarily on
modifiable lifestyles including the age when starting a
family, nutrition, weight management, exercise, psycho-
logical stress, cigarette smoking, recreational drugs use,
medications, alcohol use, caffeine consumption, environ-
mental and occupation exposure, preventative care, cloth-
ing choices, hot water, and lubricants. While many aspects
of life are not modifiable, lifestyles may be changed.

The reproductive timeline
The age of a man or woman is a factor among others
that can affect fertility. Due to pursuit of education and
other factors, many couples are choosing to delay child-
bearing. Fertility peaks and then decreases over time in
both men and women, thus the reproductive timeline may
be one aspect to consider when determining the ideal time
to start a family. As men age, testosterone levels begin to
decrease and hypogonadism results. However, if testoster-
one is used to treat hypogonadism, it can suppress sperm-
atogenesis [4]. Semen parameters also begin a steady
decline as early as age 35 [5]; semen volume and motility
both decrease and morphology may become increasingly
abnormal [4,6]. After the age of 40, men can have signifi-
cantly more DNA damage in their sperm, as well as decline
in both motility (40%) and viability (below 50%) (n = 504,
p < 0.001) [7]. There may also be an increase in time to
pregnancy with an increase in male age [8]. Hassan and Kil-
lick reported that when men were over the age of 45, their
partner’s relative risk of an increase in time to pregnancy
over one year increased to 4.6, and over two years increased
to 12.5 (n = 1832, CI = 24.5-38.1) [9]. The authors also
noted that the older population tended to consume more
alcohol, have intercourse less often, had longer contracep-
tive usage, and smoked less cigarettes which could have
been confounding factors. Another study found that there
are also exponentially fewer infants born to fathers ≥35 to

* Correspondence: agarwaa@ccf.org
Center for Reproductive Medicine, Cleveland Clinic, 9500 Euclid Avenue,
Cleveland, OH, USA

© 2013 Sharma et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Sharma et al. Reproductive Biology and Endocrinology 2013, 11:66
http://www.rbej.com/content/11/1/66

Desai, Kesari, Agarwal.
PMID: 19849853 
Viewed 23,006 times

BioMed Central

Page 1 of 9
(page number not for citation purposes)

Reproductive Biology and 
Endocrinology

Open AccessReview
Pathophysiology of cell phone radiation: oxidative stress and 
carcinogenesis with focus on male reproductive system
Nisarg R Desai1,2, Kavindra K Kesari3 and Ashok Agarwal*1

Address: 1Center for Reproductive Medicine, Glickman Urological and Kidney Institute and Obstetrics and Gynecology and Women's Health 
Institute, Cleveland Clinic, Cleveland, Ohio, USA, 2Department of Internal Medicine, Staten Island University Hospital, Staten Island, New York, 
USA and 3School of Environmental Sciences, Jawaharlal Nehru University, New Delhi, India

Email: Nisarg R Desai - nisargdesai@hotmail.com; Kavindra K Kesari - kavindra_biotech@yahoo.co.in; Ashok Agarwal* - agarwaa@ccf.org

* Corresponding author    

Abstract
Hazardous health effects stemming from exposure to radiofrequency electromagnetic waves (RF-
EMW) emitted from cell phones have been reported in the literature. However, the cellular target
of RF-EMW is still controversial. This review identifies the plasma membrane as a target of RF-
EMW. In addition, the effects of RF-EMW on plasma membrane structures (i.e. NADH oxidase,
phosphatidylserine, ornithine decarboxylase) and voltage-gated calcium channels are discussed. We
explore the disturbance in reactive oxygen species (ROS) metabolism caused by RF-EMW and
delineate NADH oxidase mediated ROS formation as playing a central role in oxidative stress (OS)
due to cell phone radiation (with a focus on the male reproductive system). This review also
addresses: 1) the controversial effects of RF-EMW on mammalian cells and sperm DNA as well as
its effect on apoptosis, 2) epidemiological, in vivo animal and in vitro studies on the effect of RF-
EMW on male reproductive system, and 3) finally, exposure assessment and dosimetry by
computational biomodeling.

Background
The health effects of radiofrequency electromagnetic
waves (RF-EMW) emitted from cell phones have been
debated greatly [1,2]. Researchers initially were concerned
about how microwave radiation affected human biologi-
cal systems by increasing tissue temperature--in other
words, its thermal effects [3]. To protect the public from
excessive exposure to RF-EMW, limits were established by
international organizations such as the ICNIRP (Interna-
tional Commission on Non Ionizing Radiation Protec-
tion) [4]. For example, the limit of radiation exposure
from a mobile phone in the United States and Europe is
1.6 Watts/kg and 2.0 Watts/kg, respectively [1,4].

Recent studies demonstrated microwaves emitted from
the cell phone, i.e., RF-EMW do not produce thermal
effect at specific absorption rate (SAR) of 1.6 Watts/Kg [5-
7]. However, researchers have demonstrated that RF-EMW
from commercially available cell phones have non-ther-
mal effects [8,9]. The literature contains controversial
reports on the effects of RF-EMW on, mitochondria, apop-
tosis pathway, heat shock proteins, free radical metabo-
lism, cell differentiation, DNA damage and the plasma
membrane [1,9-16].

Among the effect of RF-EMW on various body organs,
effect of RF-EMW on brain is the most researched area [17-
24]. Additionally, recent studies suggest that RF-EMW
emitted from cell phones can reduce the fertilizing poten-
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Role of L-carnitine in female infertility
Ashok Agarwal1* , Pallav Sengupta2 and Damayanthi Durairajanayagam3

Abstract

Background: L-carnitine (LC), and its acetylated form, acetyl L-carnitine (ALC), have immense functional capabilities
to regulate the oxidative and metabolic status of the female reproductive system. The vulnerability of this system to
free radicals demand for advanced strategies to combat them. For this purpose, the ‘quasi vitamins’ LC and ALC can
be used either individually, or in combination with each other or with other antioxidants.

Main body: This review (a) summarizes the effects of carnitines on female fertility along with the findings from various
in vivo and in vitro studies involving human, animal and assisted reproductive technology, and (b) proposes their
mechanism of actions in improving female fertility through their integrated actions on reducing cellular stress,
maintaining hormonal balance and enhancing energy production. They reportedly aid β-oxidation in oocytes,
maintain its cell membrane stability by acetylation of phospholipids and amphiphilic actions, prevent free radical-
induced DNA damage and also stabilize acetyl Co-A/Co-A ratio for adequate acetyl storage as energy supply to
maintain the robustness of reproductive cells.

Conclusion: While both LC and ALC have their applications in improving female fertility, ALC is preferred for
its better antioxidant properties and LC for amelioration of energy supply to the cells. These beneficial effects
show great promise in its application as a treatment option for women facing infertility disorders.

Keywords: Assisted reproductive technology, Acetyl-L-carnitine, Antioxidants, Female fertility, In vitro fertilization,
L-carnitine, Oocyte quality

Background
The revolution of modern day reproductive biology re-
search and assisted reproductive technology (ART) are
promising to provide a more exhaustive description of
the effects of metabolic supplementation on infertility.
To date, thousands of supplements have been proposed
to mitigate the outcomes of reproductive disorders, but
most of them have ended up having several side-effects
on other systems [1]. In order to combat this, reproduct-
ive biologists are currently searching for some supple-
ments, or combination of supplements to fight against
the problems of infertility. In this aspect, mitochondrial
metabolism of both the male and female germ cells exert
a crucial role [2]. Mitochondrial nutrient supplementa-
tion is also reported to be effective in many cases [3].
Levocarnitine or L-carnitine (LC) is a biologically active

stereoisomer of 3-carboxy-2-hydroxy-N, N, N-trimethyl-

1-propanaminium. It exists as a highly polar, small zwit-
terion (an ion that while electrically neutral, carries both a
positive and a negative electrical charge in different parts
of the molecule, as seen in certain amino acids and pro-
tein molecules) [4]. LC is reported to have benefits in the
management of infertility [5, 6]. The impact of LC on male
infertility is now well documented. It has been reported to
be concerned with epididymal maturation of spermatozoa
[7]. LC serves as an intra-mitochondrial vehicle for the
acyl group, which in the form of acyl-CoA acts as a sub-
strate for the oxidation process, producing energy for
sperm respiration and motility [7, 8]. It has also been re-
ported to ameliorate the effects of reactive oxygen species
(ROS) and free radical-induced oxidative stress (OS) and
minimizing pathological disorders of sperm, like adeno-
sine triphosphate (ATP) depletion leading to insufficient
axonemal phosphorylation, lipid peroxidation as well as
loss of motility and viability [9, 10]. As LC has been
reported to act as a potent antioxidant with very less side-
effects, researchers are now considering its implementa-
tion as a treatment for female infertility [5, 11, 12]. It is
well known that OS also affects female reproduction in
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SUMMARY
One of the challenges with the sperm DNA fragmentation results is the inconsistency and the large variability in the results

obtained by different techniques. The terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay quantifies the

incorporation of fluoresceinated dUTP into single- and double-strand DNA breaks by labeling the 30-OH terminal with TdT. The goal

of this study was optimize the TUNEL protocol for assessment of sperm DNA fragmentation by standardization of the method and

comparison of the data across two reference laboratories (i) at Basel, Switzerland and (ii) Cleveland Clinic, Ohio, USA. Semen sam-

ples from 31 subjects grouped into three cohorts. Sperm DNA fragmentation was data measured by two experienced operators at

two different laboratories using identical semen samples, assay kit, protocol and acquisition settings using identical flow cytometers

(BD ACCURI C6). No significant differences were observed between the duplicates in any of the experiments performed. By including

an additional washing step after fixation in paraformaldehyde, a high correlation was seen between the two laboratories (r = 0.94). A

strong positive correlation was observed between the average sperm DNA fragmentation rates (r = 0.719). The mean sperm DNA

fragmentation measured in each laboratory was similar. Both flow cytometers were identical in their settings and performance. This

inter- and intra-laboratory study establishes that TUNEL is a reproducible assay when utilizing a standardized staining protocol and

flow cytometer acquisition settings. Standardization and consensual guidelines for TUNEL validate the assay and establishes TUNEL

as a robust test for measuring sperm DNA fragmentation especially in a multicenter setting.

INTRODUCTION
One of every six couples has to go through the ordeal of infer-

tility within 1 year of attempting to conceive (ASRM: Practice

Committee of American Society for Reproductive Medicine,

2013; Louis et al., 2013). Male factor infertility is attributed to be

the sole causative factor in 30% of infertile couples with an addi-

tional 50% attributed to both male as well as female factors

(Anderson et al., 2009; Winters & Walsh, 2014). Semen analysis

remains a standard test at the core of male infertility evaluation.

However, the classic semen parameters are not the best predic-

tors of male fertility (Keel, 2006). The predictive significance of

routine semen parameters, that is sperm count, motility and

normal morphology is low as these tests have inherent problems

such as high inter-observer and intra-observer variability

(Alvarez et al., 2003). Conventional semen parameters are also

unable to characterize the functional aspects of spermatozoa,

that is the integrity of sperm chromatin and their ability to fertil-

ize (Zini et al., 2002).

Sperm DNA fragmentation (SDF) defined as either single-

strand or double-strand breaks, is one of the major cause of male

infertility. It has been linked to impaired fertilization, poor

embryo quality, increased spontaneous abortion rates and

reduced pregnancy rates after assisted reproduction (Henkel

et al., 2003; Seli et al., 2004; Evenson, 2011; Robinson et al.,

2012; Evenson et al., 1999). Oligoasthenoteratozoospermia has

been correlated with high levels of DNA fragmentation (Lopes

et al., 1998; Virro et al., 2004; Borini et al., 2006; Nijs et al.,

2009). Men with normal semen parameters have been shown to

have variable levels of DNA fragmentation (Simon et al., 2011a,

b). Several studies have examined the impact of SDF on natural

or using assisted reproductive techniques using various tests of

DNA fragmentation (Evenson et al., 1999; Sergerie et al., 2005;
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SUMMARY
Oxidation–reduction potential describes the balance between the oxidants and antioxidants in fluids including semen. Various

artificial culture media are used in andrology and IVF laboratories for sperm preparation and to support the development of fertilized

oocytes under in vitro conditions. The composition and conditions of these media are vital for optimal functioning of the gametes.

Currently, there are no data on the status of redox potential of sperm processing and assisted reproduction media. The purpose of

this study was to compare the oxidation–reduction potential values of the different media and to calibrate the oxidation–reduction

potential values of the sperm wash medium using oxidative stress inducer cumene hydroperoxide and antioxidant ascorbic acid.

Redox potential was measured in 10 different media ranging from sperm wash media, freezing media and assisted reproductive tech-

nology one-step medium to sequential media. Oxidation–reduction potential values of the sequential culture medium and one-step

culture medium were lower and significantly different (p < 0.05) from the sperm wash media. Calibration of the sperm wash media

using the oxidant cumene hydroperoxide and antioxidant ascorbic acid demonstrated that oxidation–reduction potential and the

concentration of oxidant or antioxidant are logarithmically dependent. This study highlights the importance of calibrating the oxida-

tion–reduction potential levels of the sperm wash media in order to utilize it as a reference value to identify the physiological range

of oxidation–reduction potential that does not have any adverse effect on normal physiological sperm function.

INTRODUCTION
In the light of living in an aerobic environment, all cells in the

human body, including spermatozoa, are exposed to different

oxidation and reduction levels and have to cope with the rele-

vant situation depending on the circumstances a specific cell is

in (Naviaux, 2012; Agarwal et al., 2016c,d). Oxidants also known

as reactive oxygen species (ROS) are generated from either

intrinsic or extrinsic sources (Saalu, 2010; Lavranos et al., 2012;

Agarwal et al., 2014b). At low levels, ROS are required for physio-

logical functions involved in the fertilization process, including

capacitation, hyperactivation, acrosome reaction, and sperm–

oolemma binding (de Lamirande & Cagnon, 1993; Agarwal et al.,

2006; de Lamirande & O’Flaherty, 2008; Kothari et al., 2010;

Guthrie & Welch, 2012),whereas at high levels, ROS are harmful

to spermatozoa.

Oxidative stress (OS) is one of the major causes of male infer-

tility (Aitken et al., 1989; Sharma & Agarwal, 1996; Agarwal et al.

2006). Prolonged OS induces DNA damage (Agarwal et al., 2003;

Wang et al., 2003; Aitken & Koppers, 2011; Dorostghoal et al.,

2017), and high levels of oxidants also negatively impact sperm

motility, count, morphology, and viability (Agarwal et al., 2016d;

Agarwal & Wang, 2017). On the other hand, antioxidants act as a

compensatory mechanism to reduce oxidative stress. However,

supraphysiological levels of antioxidants result in reductive

stress, which is defined as an excess of antioxidants. Reductive

stress has the potential of being as harmful as oxidative stress

(Castagne et al., 1999). Despite the opposing extremes that sper-

matozoa have to face, there is no mention in the literature that

specifies the impact of reductive stress on spermatozoa. There-

fore, there is a need for maintaining a fine balance between oxi-

dation and reduction for spermatozoa to function optimally.

However, it is unclear at what level this balance is achieved and

what the normal physiological range is. Ultimately, the accumu-

lated damage in either direction to spermatozoa can lead to
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Abstinence Time and Its Impact on
Basic and Advanced Semen
Parameters
Ashok Agarwal, Sajal Gupta, Stefan Du Plessis, Rakesh Sharma, Sandro C. Esteves,
Caroline Cirenza, Jasmine Eliwa, Wedad Al-Najjar, Deepika Kumaresan, Namariq Haroun,
Sara Philby, and Edmund Sabanegh

OBJECTIVE To assess the effect of ejaculatory abstinence (EA) periods on routine and advanced sperm tests.
METHODS Men with normozoospermia provided semen samples after 1, 2, 5, 7, 9, and 11 days of absti-

nence. A standard semen analysis was performed on all samples. Each specimen was assessed for
levels of reactive oxygen species (ROS) and sperm DNA fragmentation. Comparison was also
made by grouping EA periods into short (1 day), recommended by World Health Organization
(WHO) (2-7 days), and long (9-11 days).

RESULTS Semen volume (P < .001), sperm concentration (P < .001), and total sperm count (P < .001) in-
creased significantly with abstinence length. Sperm DNA fragmentation was associated with the
length of EA (P < .001). Both 1 and 2 days of EA had the least amount of DNA fragmentation
(P < .001). Significant increase was seen in volume, pH, viscosity, total count, total motile sperm,
and DNA fragmentation between short and recommended EA (P < .05), and between recom-
mended and long EA (P < .05). Short EA had no detrimental impact on semen characteristics
according to the 2010 WHO thresholds.

CONCLUSION Shortening of EA time is not detrimental to sperm quality in men with normozoospermia and is
proposed as a method for reducing sperm DNA fragmentation. This strategy could help optimize
sperm quality and the chances of natural and assisted conception. Accurate abstinence time should
be considered when managing men with infertility problems with semen analyses even when it
is within the recommended range. UROLOGY 94: 102–110, 2016. © 2016 Elsevier Inc.

Conventional semen parameters, mainly sperm count,
motility, and morphology, are among the many pre-
dictive factors for male infertility and to date still

regarded as the cornerstone of fertility diagnosis despite the
wide variability in sperm production in the same men.1-3

Early studies indicate that semen parameters in
normozoospermic samples improve steadily with increas-
ing ejaculatory abstinence (EA), whereas motility and mor-
phology inversely related to EA in oligozoospermic samples.4

In the absence of ejaculation, spermatozoa accumulate in

the epididymis.5 Lengthy EA could increase exposure of
spermatozoa to the damaging effects of reactive oxygen
species (ROS) generated mainly by abnormal spermato-
zoa and granulocytes. High levels of ROS may inflict damage
to sperm DNA.6 The standard semen analysis does not iden-
tify sperm senescence and functional damage. Examining
the effect of abstinence at the functional level requires more
sensitive sperm testing such as sperm membrane integrity,
measurement of ROS, and sperm DNA fragmentation
(SDF).7 Although there are mixed reports in the literature
about the use of sperm DNA integrity, studies suggest a sig-
nificant positive association between SDF and EA.7,8

However, there is a lack of consensus on the exact influ-
ence of EA length on both basic and advanced parameters.

The World Health Organization (WHO) recommen-
dations are to produce a sample after 2-7 days abstinence.9

However, recent studies have suggested that shorter ab-
stinence is better for intrauterine insemination and as-
sisted reproductive technology than the abstinence
recommended by WHO for performing a diagnostic semen
analysis.10 Optimizing EA is therefore important to ensure
both quantity and quality of sperm, which are required for
successful, natural, and assisted conception.
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ABSTRACT
Spermatozoa are unique cells that have highly compact DNA, motility (and hypermotility) patterns, a specific
morphology, localized mitochondria and an apical acrosome. They are the end product of a dynamic process
termed spermatogenesis. Sperm are therefore produced with specific proteins in order to effect different
traits, such as the presence of cysteine-rich protamines in DNA, which effectively compacts DNA. Moreover,
specific proteins are transferred during epididymal maturation and after ejaculation in order to render sperm
capable of undergoing post-ejaculatory alterations, generally termed capacitation, which confers capacity to
fertilize a mature oocyte. In addition, sperm exhibit several post-translational modifications, which are
fundamental to their function, such as SUMOylation and ubiquitination. Discussed in this review is the current
knowledge of the spermproteome in terms of its composition and the function that these proteins determine,
as well as their post-translational modifications and how these alter sperm functional integrity. Studies are
emphasized that focus on shotgun proteomics – untargeted determination of the protein constituent of a cell
in a given biological condition – and technologies currently applied toward that end are reviewed.
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Introduction

Infertility affects 15% of couples of reproductive age, and in
50% of these cases, there is a male component [1]. Various
cellular mechanisms are related to? Cause? Male infertility,
such as sperm functional alterations (i.e. DNA fragmentation,
acrosome integrity, among others) related to failed fertilization
[2], poor embryo development [3,4], and assisted reproduction
outcome [3,5,6]. Recently, focus has been placed on investi-
gating the molecular machineries that affect these mechan-
isms, with a special focus on the protein composition of
ejaculated sperm [7–9].

Spermatozoa are the product of spermatogenesis – a com-
plex process in which diploid spermatogonia undergo meiosis
and extensive morphological remodeling within the seminifer-
ous tubules in the testes [10]. In humans, the process of sperma-
togenesis is responsible for generating between 20 and 240
million sperm per day and depends on tight regulation of cellular
metabolism [10]. Moreover, a number of selective mechanisms
within the testes and epididymides help ensure that high quality
sperm are available for ejaculation [10].

Many studies have hinted at a specific proteome signature
that allow for the differentiation of high quality from low
quality sperm [9], as well as specific proteins that activate
following ejaculation in order to orchestrate acquisition of
specific motility patterns [11], exocytosis of the acrosomal
content, [11,12] and fusion of the sperm membrane to the
oolemma [13,14]. However, many proteins in sperm may be
added after spermatogenesis via microvesicles within the epi-
didymal lumen (epididymosomes) [15–18] or even after ejacu-
lation through prostatic microvesicles (prostasomes) [19–21].

Moreover, different subsets of sperm seem to coexist within an
ejaculate. D’amours et al., for example, demonstrated that dead
bovine sperm (but not live sperm) are tagged, via transfer by
epididymosomes, with a protein containing multiple fibronectin
II domains, which are known to bind to collagen – Epididymal
Sperm Binding Protein 1 (ELSPBP1) [15]. This protein has also been
associated with increased sperm DNA fragmentation in humans
[9]. Other bovine studies have localized Fas – a membrane recep-
tor of the tumor necrosis factor family that initiates apoptosis – to
at least three different sperm regions, indicating that these are
indeed subsets with different activities [22].

This division of sperm into subsets poses important con-
siderations in regards to study design because the whole
proteome of an ejaculate may not reflect its true fertility
potential. It has been demonstrated, for example, that sperm
marked for specific processes, such as apoptosis, are indeed of
lower reproductive potential than those unmarked [23].
Conversely, specific proteins, which may offer sperm resis-
tance within the female reproductive tract may also mark a
population of viable sperm [24].

The field of proteomics has greatly benefited from the
development of mass spectrometry (MS)-based systems
[25,26]. While initial studies relied on gel separation of pro-
teins by their isoelectric point and their mass (two-dimen-
sional (2D) gel electrophoresis) [27,28], the exponential rate
at which mass spectrometric resolution and sensitivity, allied
to the development of protein- and peptide-specific chroma-
tographic separation techniques, have led to systems that can
detect and quantify a greater number of proteins at a higher
dynamic range [26,29–31]. The latter is usually achieved via
digestion of proteins into their constitutive peptides (this may
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eliminates varicocele in the majority of cases, its impact on infertility 
remains unclear.

Proteomics is a rapidly emerging technology that allows the 
simultaneous detection of thousands of proteins. Several comparative 
studies have been published on the sperm proteome, documenting 
alterations in the protein composition in the spermatozoa or 
seminal plasma in an effort to better understand the underlying 
etiology of male infertility.1,11–13 A number of studies have utilized 
high-throughput techniques such as LC-MS/MS, isobaric labeling 
strategies (such as isobaric tandem mass tags; TMTs), and isobaric 
tags for relative and absolute quantitation (iTRAQ) to study protein 
alterations in fertile versus infertile groups.14,15 Comparative studies 
on the sperm proteome have revealed the differential proteomic 
profile of varicocele patients in general with healthy fertile men or 
donors with normal seminal values. Hosseinifar et  al. identified 
15 distinct differences in the protein profile from oligozoospermic 
grade  3 varicocele group in comparison with normozoospermic 
men (n = 20), where 12 proteins showed low abundance, two were 
of high abundance, and one protein was not detected.16 Similarly, 
a study by Chan's group using a two-dimensional electrophoresis 
and MALDI-TOF-MS revealed a total of 15 differentially expressed 
proteins in men with grade 2 varicocele compared to fertile control 

INTRODUCTION
Varicocele is diagnosed in about 15%–20% of the adult male population 
and is implicated as a factor in about 40% of infertile men.1 The 
recommendation of the American Society of Reproductive Medicine is to 
treat a varicocele when it is palpable and present with at least one abnormal 
semen parameter in couples presenting with infertility or when the female 
partner is normal.2 Numerous factors have been proposed to explain the 
occurrence of this multifactorial disease, which include venous stasis, 
testicular hypothermia, testicular hypoxia, apoptosis, heavy metal toxicity, 
increased oxidative stress, and increased DNA damage.3,4 Although poor 
semen quality, increased oxidative stress and DNA fragmentation are 
frequently observed, not all men presenting with varicocele are infertile, 
and men with high-grade varicocele can still father children.5–7 However, 
the underlying molecular mechanism of varicocele-associated testicular 
dysfunction and infertility remains unclear.

Unilateral varicocele present on the left side is more common 
(35%–40%) compared to the presence of a bilateral varicocele (10%–
15%).1 Varicocele repair has been shown to correct varicocele and 
improve semen parameters, DNA integrity and pregnancies in some, 
but not in all cases.6–9 In addition, significant improvement (49%) in 
natural pregnancy rates has been reported in bilateral varicocelectomy 
compared to 36% in unilateral varicocelectomy.10 While surgical repair 
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To study the major differences in the distribution of spermatozoa proteins in infertile men with varicocele by comparative proteomics 
and validation of their level of expression. The study‑specific estimates for each varicocele outcome were combined to identify 
the proteins involved in varicocele‑associated infertility in men irrespective of stage and laterality of their clinical varicocele. 
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metabolism, mitochondrial electron transport chain, and Krebs cycle enzymes. To corroborate the proteomic analysis, expression 
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“fingerprint” to assess sperm quality on the basis of molecular parameters.
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SUMMARY
Semen hyperviscosity delays the liquefaction of semen sample and is subjected to limited proteolysis by addition of a-chymotryp-

sin to reduce the viscosity. a-Chymotrypsin is a proteolytic enzyme involved in degradation of the proteins and polypeptides. Even

though a-chymotrypsin improves the handling of hyperviscous samples, its effect on the sperm proteins is not clear. This study was

aimed to evaluate the alteration in the expression of sperm functional proteins in samples treated with a-chymotrypsin. Among all

the proteins examined in both donor and patient samples, HSPA2 (70 KDa), BAG6 (150 KDa), HIST1H2BA (14 KDa), SPA17 (17 KDa

formed after cleavage of C-terminal calmodulin-binding domain), and OXPHOS complexes were undetectable in a-chymotrypsin-

treated samples, while the expression of the native SPA17 (20 KDa) was significantly decreased in the a-chymotrypsin-treated sam-

ples in comparison with controls. The use of a-chymotrypsin for liquefaction of hyperviscous samples degrades functional proteins

of spermatozoa. Intracellular proteins, such as OXPHOS complexes and HIST1H2BA, and sperm surface proteins (HSPA2, BAG6, and

SPA17) were degraded in all treated samples. Whether treatment of samples with a-chymotrypsin affects the global proteomic out-

come is unclear. More in-depth calibration studies are required to determine the appropriate concentration of a-chymotrypsin for

processing hyperviscous semen samples without compromising its protein expression and function. Similarly, the effects of altered

protein function on assisted reproductive techniques (ART), such as intrauterine insemination (IUI) and in vitro fertilization (IVF)

outcome, are not known and require further research.

INTRODUCTION
Human semen coagulates immediately after ejaculation and

entraps the spermatozoa in a matrix formed by the seminal

plasma proteins. However, it usually liquefies in about 15 to

20 min both in vitro and in vivo (Robert & Gagnon, 1999). The

process of liquefaction is affected by the partial or incomplete

proteolysis of seminal plasma proteins present in the coagulum

(Emami et al., 2009). Semen hyperviscosity (SHV) is addressed

as one of the factors pertaining to male infertility. It affects about

12% to 29% of patients with male infertility (Du Plessis et al.,

2013). SHV has adverse effects on the physical and biochemical

characteristics of seminal fluid (Gonzales et al., 1993). It has also

a negative effect on vital sperm parameters such as motility and

morphology. Incomplete liquefaction of the semen exhibits a

trapping effect that hinders the forward sperm movement (Elza-

naty et al., 2004) having a negative impact on fertility (Du Plessis

et al., 2013).

Routine semen analysis is the first step in the laboratory evalu-

ation of male infertility. Complete liquefaction of the semen

sample is important as it ensures that the ejaculate can be accu-

rately tested for various semen parameters and second that the

spermatozoa are not trapped in the coagulum in case the sample

fails to liquefy completely. Among the various causes of SHV,

oxidative stress and reactive oxygen species play a major role

and pose a challenge during the preparation of sperm samples

for IUI and IVF resulting in the complete absence or poor sperm

recovery (Honea et al., 1993; Elia et al., 2009; Du Plessis et al.,

2013). Although different methods are proposed to treat SHV,

generally hyperviscous samples are subjected to limited proteol-

ysis by the addition of a mucolytic agent, a-chymotrypsin (EC

3.4.21.1) (5%) to reduce the viscosity (Honea et al., 1993; Zavos

& Correa, 1997). It is a well-known fact that proteolytic property

of a-chymotrypsin breaks the proteins and polypeptides (Tsiat-

siani & Heck, 2015; Giansanti et al., 2016). Human spermatozoa
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KEY MESSAGE
We report a standardized protocol for measuring oxidative stress (as oxidative reduction potential; ORP) in
semen using the MiOXSYS System. A reference value of 1.36 mV/106 sperm/ml ORP in semen could distin-
guish normal men (controls) from male factor infertility patients. Our results confirm the reproducibility of
the test for use in a clinical setting.

A B S T R A C T

The objectives of this study were to: (i) describe a protocol measuring the oxidation-reduction potential (ORP) by MiOXSYS System as an alternative

method of seminal oxidative stress (OS) testing; (ii) establish a reference value for static ORP (sORP) to distinguish between controls and male factor

infertility patients; (iii) evaluate intra-observer and inter-observer reliability; and (iv) examine association of sORP with sperm parameters predictive

of male factor infertility. Elevated levels of sORP were seen in infertile patients (6.22 ± 1.10 mV/106 sperm/ml) compared with controls (1.59 ± 0.29 mV/
106 sperm/ml) (P = 0.004). A sORP cut-off value 1.36 mV/106 sperm/ml identified normal semen and abnormal semen quality with a sensitivity 69.6%,

specificity 83.1%, positive predictive value 85.3% and negative predictive value 65.9%. The test demonstrated strong intra-observer (CV 8.39%) and inter-

observer reliability (correlations >0.97). Higher sORP levels were associated with poor sperm parameters across the fertility status of subjects. Negative
correlations were noted with sperm parameters (concentration, total sperm count, motility and morphology) indicating these male infertility param-

eters are related to OS. In conclusion, the introduction of ORP as a novel clinical test for assessment of OS will help clinicians to better diagnose and

manage male factor infertility patients.

© 2016 Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.
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Abstract

Objective: Approximately 37% ofmen of reproductive age smoke cigarettes, with Europe
having the highest tobacco use among all theWorldHealth Organization (WHO) regions.
Toxins from tobacco smoking can potentially affect sperm development and function,
with a negative effect on semen parameters. Given the high prevalence of smoking and
recent changes in the WHO laboratory methods for the examination of human semen,
the role of this exposure in face of new WHO methods needs to be clarified.
Evidence acquisition: We conducted a systematic review, followed by a meta-analysis,
to determine whether cigarette smoking affects human semen parameters. PubMed,
Saint Joseph’s University Discover, and Google Scholar were used to identify relevant
studies published after release of the latest WHO methods for laboratory evaluation of
human semen. Participants were from fertility/urologic clinics and andrology laborato-
ries. The outcome measures were semen volume, sperm concentration, motility, and
morphology, the parameters usually used in clinical settings to assess fertility.
Evidence synthesis: Twenty studies with 5865 participants were included in the meta-
analysis. Exposure to cigarette smoking was associated with reduced sperm count
(mean difference [MD]: �9.72 � 106 [22_TD$DIFF]/ml; 95% confidence interval [CI], �13.32 to
�6.12), motility (MD: �3.48%; 95% CI, �5.53 to �1.44), and morphology (MD:
�1.37%; 95% CI, �2.63 to �0.11). Subgroup analyses indicated that effect size was
higher in infertile men than in the general population and in moderate/heavy smokers
than in mild smokers. The overall effect size on semen volume, sperm count, and
motility remained similar when 2010 and earlier WHO manuals were used for semen
analysis but was lower with regard to sperm morphology.
Conclusions: Our results suggest that cigarette smoking has an overall negative effect on
semen parameters. The latest WHO laboratory methods for the examination of human
semen had a minimal impact on the magnitude of effect size, thus confirming the
observed negative effect of smoking on conventional semen parameters.
Patient summary: A new systematic review and meta-analysis comprising 5865 men
shows that cigarette smoking is associated with reduced sperm count and motility.
Deterioration of semen quality is more pronounced in moderate and heavy smokers.

# 2016 European Association of Urology. Published by Elsevier B.V. All rights reserved.

* Corresponding author. Department of [23_TD$DIFF]Urology, [24_TD$DIFF] American Center for Reproductive Medicine, Cleve-
land Clinic, Mail Code X-11, 10681 Carnegie Avenue, Cleveland, OH 44195, USA. Tel. +1 216 444 9485;
Fax: +1 216 445 6049.
E-mail address: agarwaa@ccf.org (A. Agarwal).

http://dx.doi.org/10.1016/j.eururo.2016.04.010
0302-2838/# 2016 European Association of Urology. Published by Elsevier B.V. All rights reserved.

Downloaded from ClinicalKey.com at Cleveland Clinic Foundation January 06, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

Agarwal A, Sharma R, Harlev A, Esteves SC. Asian J Androl. 
2016 Mar-Apr;18(2):163-70.  
doi: 10.4103/1008-682X.172638. PMID: 26780872
IF: 2.530

Asian Journal of Andrology (2016) 18, 163–170 
© 2016 AJA, SIMM & SJTU. All rights reserved 1008-682X

www.asiaandro.com; www.ajandrology.com

An early study conducted by the World Health Organization (WHO) 
involving 9034 men demonstrated that both sperm concentration and 
motility were lower in men with varicocele than in men without 
varicocele.3 This aforementioned study was conducted more than 
20 years ago and, within this period, the WHO laboratory manual 
for the analysis of human semen has been updated 3 times. However, 
no study has critically examined the effect of varicocele on semen 
analysis results according to these various WHO criteria. This analysis 
is important because each new WHO laboratory manual edition not 
only changes the reference values for interpreting semen analysis results 
but also updates the methods for conducting such analyses.

In 2010, the WHO announced the first semen criteria based on 
a large study of fertile men across seven countries.4,5 In that updated 
fifth edition of the WHO manual, novel methods for measuring 
ejaculate volume by weight and assessing sperm morphology by strict 
criteria were incorporated.5 In addition, changes in the methods for 

INTRODUCTION
Clinical varicocele is defined as a palpable elongated, dilated and 
tortuous testicular pampiniform plexus of veins in the spermatic 
cord.1 From a pathophysiology standpoint, varicocele is a venous 
incompetence that allows reflux of blood into the internal spermatic 
vein.2 It is found in approximately 15%–20% of the normal adult 
male population and 35% of men with primary infertility.1,2 
Although no mechanism has conclusively explained infertility 
in men with varicocele, a number of potential mediators have 
been suggested including scrotal hyperthermia, oxidative stress, 
hormonal disturbances, testicular hypoperfusion, testicular 
hypoxia, and backflow of toxic metabolites. It is also unknown 
why most men with varicocele retain their reproductive potential, 
but novel discoveries have suggested that variation in genetic 
transcriptional response to oxidative stress might confer sperm 
protection against damage.2

INVITED REVIEW

Effect of varicocele on semen characteristics 
according to the new 2010 World Health 
Organization criteria: a systematic review and 
meta‑analysis

Ashok Agarwal1, Reecha Sharma2, Avi Harlev3, Sandro C Esteves4

This study investigated the effects of varicocele on semen parameters in infertile men based on the new 2010 World Health 
Organization laboratory manual for the examination of human semen. Semen analysis results (volume, sperm count, motility, and 
morphology) were the primary outcomes. An electronic search to collect the data was conducted using the Medline/PubMed, SJU 
discover, and Google Scholar databases. We searched articles published from 2010 to August 2015, i.e., after the publication of 
the 2010 WHO manual. We included only those studies that reported the actual semen parameters of adult infertile men diagnosed 
with clinical varicocele and contained a control group of either fertile men or normozoospermic men who were not diagnosed with 
varicocele. Ten studies were included in the meta‑analysis, involving 1232 men. Varicocele was associated with reduced sperm 
count (mean difference: −44.48 × 106 ml−1; 95% CI: −61.45, −27.51 × 106 ml−1; P < 0.001), motility (mean difference: −26.67%; 
95% CI: −34.27, −19.08; P < 0.001), and morphology (mean difference: −19.68%; 95% CI: −29.28, −10.07; P < 0.001) but 
not semen volume (mean difference: −0.23 ml; 95% CI: −0.64, 0.17). Subgroup analyses indicated that the magnitude of effect 
was influenced by control subtype but not WHO laboratory manual edition used for semen assessment. We conclude that varicocele 
is a significant risk factor that negatively affects semen quality, but the observed pooled effect size on semen parameters does not 
seem to be affected by the WHO laboratory manual edition. Given most of the studies published after 2010 still utilized the 1999 
manual for semen analysis, further research is required to fully understand the clinical implication of the 2010 WHO laboratory 
manual on the association between varicocele and semen parameters.
Asian Journal of Andrology (2016) 18, 163–170; doi: 10.4103/1008-682X.172638; published online: 15 January 2016
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Summary

Many male patients diagnosed with cancer are within their reproductive years.

These men are advised to freeze their spermatozoa prior to the start of cancer

treatment. Very often, sperm banking facilities may not be readily available and

patients may be required to travel to distant sperm bank centres. Our objective

was to design and standardise a remote home shipping sperm kit that allows

patients to collect a semen sample at home and ship it overnight to a sperm

bank. A total of 21 semen samples and two transport media (refrigeration

media and human tubal fluid) and five different combinations of ice packs

were tested for maintaining desired shipping temperature. Ten semen samples

were assessed for pre- and post-shipment changes in sperm motility, membrane

integrity, total motile spermatozoa and recovery of motile spermatozoa. Even

though motility, membrane integrity and total motile spermatozoa declined

both in samples examined under simulated shipped conditions and in over-

night-shipped samples, the observed motility and total motile spermatozoa

were adequate for use with assisted reproductive techniques. Using refrigeration

media, cooling sleeve and ice packs, adequate sperm motility can be main-

tained utilising NextGen� kit and these spermatozoa can be used for procre-

ation utilising ART techniques such as intracytoplasmic sperm injection.

Introduction

In the United States alone in 2010, approximately 8400

cases of testicular cancer were diagnosed among men

between the ages of 15 and 44 years old (Rosen et al.,

2011). According to the Surveillance Epidemiology and

End Results (SEER) cancer statistics, it is estimated that

one of every two men will be diagnosed with cancer

in his lifetime, of which 4% are under the age of 35

(Howlader et al. 2015). Over the past quarter century,

incidence of cancer in adolescents and young adults has

been on the rise and several countries have reported

improvement in the survival rates of adolescents and

young adults (Daudin et al., 2015). Patients with cancer

comprise about 44% of all referrals in the United States

alone (Tomlinson, 2010). The American Society of Clini-

cal Oncology (ASCO) advocates sperm cryopreservation

as an effective method of fertility preservation in young

men with cancer (Hourvitz et al., 2008; Loren et al.,

2013). In a recently published report, it was suggested

that all males within the reproductive age group and even

men undergoing radical prostatectomy for prostate cancer

should cryopreserve their spermatozoa (Salonia et al.,

2013; Niederberger, 2014).

Cryopreservation of human spermatozoa has evolved as

an important area in assisted reproductive technology

(ART), oncology, men undergoing vasectomy (Gangrade,

2013) and in men engaging in potentially life-threatening

activities, such as those in the military and those faced

with conditions that are likely to impair their fertility,

such as occupational exposure (Williams, 2010). Fertility

preservation enhances the quality of life in cancer sur-

vivors with gonadal dysfunction brought about by cyto-

toxic agents and radiation (Williams, 2013; Robinson &

Knudtson, 2014).

Patients with cancer are generally instructed to bank

multiple specimens within a short period of time, prior

to the start of cancer treatment. This is to have adequate

numbers of spermatozoa for procreation utilising ART

techniques such as intracytoplasmic sperm injection or

ICSI. In this technique, a single viable, morphologically

normal spermatozoon is injected into the oocyte

662 © 2015 Blackwell Verlag GmbH
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Summary
MLH1 and MSH2 are important genes for DNA mismatch repair and crossing over dur-
ing meiosis and are implicated in male infertility. Therefore, the methylation patterns 
of the DNA mismatch repair genes MLH1 and MSH2 in oligozoospermic males were 
investigated. Ten oligozoospermic patients and 29 normozoospermic donors were 
analysed. Methylation profiles of the MLH1 and MSH2 promotors were analysed. In 
addition, sperm motility and seminal reactive oxygen species (ROS) were recorded. 
Receiver operating characteristic (ROC) analysis was conducted to determine the ac-
curacy of the DNA methylation status of MLH1 and MSH2 to distinguish between oli-
gozoospermic and normozoospermic men. In oligozoospermic men, MLH1 was 
significantly (p = .0013) more methylated compared to normozoospermic men. 
Additionally, there was a significant positive association (r = .384; p = .0159) between 
seminal ROS levels and MLH1 methylation. Contrary, no association between MSH2 
methylation and oligozoospermia was found. ROC curve analysis for methylation sta-
tus of MLH1 was significant (p = .0275) with an area under the curve of 61.1%, a sen-
sitivity of 22.2% and a specificity of 100.0%. This pilot study indicates oligozoospermic 
patients have more methylation of MLH1 than normozoospermic patients. Whether 
hypermethylation of the MLH1 promoter plays a role in repairing relevant mismatches 
of sperm DNA strands in idiopathic oligozoospermia warrants further investigation.

K E Y W O R D S

DNA CpG methylation, MLH1 gene promoter region, MSH2 gene promoter region, 
oligozoospermic men

1  | INTRODUCTION

Despite considerable efforts to determine the causes of male infertility, 
approximately 30% of these infertility cases are deemed idiopathic or 
unexplained (Groen et al., 2016). Recent studies have shown an associ-
ation between idiopathic male infertility and epigenetic modifications, 
including promoter methylation in imprinted, reproduction- related 

and developmental genes in spermatozoa and might explain cases of 
idiopathic male infertility (Gunes, Arslan, Hekim, & Asci, 2016; Jenkins 
et al., 2016; Urdinguio et al., 2015).

The DNA mismatch repair (DMMR) mechanism is essential for 
maintaining cell genomic stability. DMMR proteins remove base sub-
stitution mismatches and insertion–deletion loops during replication 
and recombination. Mismatches occur during the DNA replication 
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