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Project 1: Copy Number Analysis of Y- heterochromatin (Yq12) Repeats and SOD Activity 
in Infertile Men 
 

Rationale/ Study hypothesis:  
In about 30-40% of men, the results of semen analysis are abnormal but no cause of abnormality can be found. Most of these men 

are otherwise healthy. Studies in the last few years have clarified that the pathogenesis of a substantial fraction of male infertility 

previously diagnosed as idiopathic is genetically determined and related to micro-deletions on the Y chromosome. The above 

studies on euchromatic Y long arm (Yq) show that mammalian Y chromosome is a repository for fertility factors. Nevertheless, there 

is no information with respect to the role of heterochromatic block of the human Y chromosome. There are ~2000 and ~4000 copies 

of the classical male specific satellites DYZ1 and DYZ2 present in this heterochromatic block of human Yq12. We propose to 

investigate the role, if any, of this region in infertility using transcripts derived from the region as probes. We expect a difference in 

the number of copies of DNA sequences present in the genome, in the case of repeat sequences.  

Besides alterations at the genomic level, a number of proteins also affect sperm production. Altered expression of these proteins 

can impair spermatogenesis. Therefore, besides the DNA based studies, we also propose to develop some of these proteins as 

diagnostic markers using sandwich ELISA with ejaculate from normozoospermic, oligozoospermic, oligoasthenozoospermic and 

azoospermic individuals. To this end as a pilot study, we will first standardize the sandwich ELISA technique using antibody to 

superoxide dismutase (SOD), a marker for infertility. 

 

1) Estimate the copy number of Yq12 heterochromatin transcripts in infertile and  healthy men using Real Time PC analysis and 

primers to Yq12 transcripts. 

2) Conduct a comparative analysis of Yq12 transcripts obtained from sperm and  seminal plasma from    infertile men and healthy 

controls. 

3) In addition to DNA based markers identify protein markers of infertility.    

 

Table 1. Hypothesis, methods and expected outcomes for the specific aims 
 

Aim Hypothesis Methods Expected Outcome 
1. Variation in copy number of Yq12 

heterochromatin transcripts can 

affect sperm number. 

1. Isolation of sperm DNA from infertile men 

(normozoospermic, oligozoospermic, oligo-

asthenozoospermic and azoospermic) and from 

normal healthy subjects (controls).  

 

2. Real Time PCR analysis using primers to the 

Yq12-derived transcripts. 

 

3. Copy number estimation and statistical 

analysis  

Address the possibility of 

correlation between copy 

number of DYZ1 

transcripts with sperm 

count, if any, in infertile 

men.  

(see flow diagram 1) 

2. Comparative analysis of Yq12 

heterochromatin transcripts in 

1. Separation of sperm and seminal fluid from 

infertile men (normozoospermic, 

Address the possibility of 

correlation between copy 
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Expected outcome: 

This study will reveal the association, if any, with the number of DYZ1 transcripts and sperm number in infertile male individuals, 

with varying degrees of infertility. DYZ1 transcripts copy number can also be correlated to morphological abnormalities of sperm 

assessed in the clinic, before isolation of DNA. The level of SOD in semen is another parameter critical for assessment of male 

infertility. We would like to develop correlation, if any, with SOD activity and concentration as detected by sandwich ELISA in 

sperm/seminal plasma from infertile individuals. If SOD shows a good correlation, sandwich ELISA can be developed as a 

diagnostic measure for other proteins associated with male infertility. 

Significance of the study:  

This study will elucidate the role of the Yq12 region in individuals with different degrees of infertility. A comparative study of the 

sperm and seminal fluid analysis will elaborate on the possibility of evaluating the use of seminal fluid DNA for analysis of infertility. 

Besides DNA based analysis, an attempt will also be made to use proteins by developing easy diagnostic assays. To this end 

sandwich assay will be standardized using SOD as a marker for infertility.  

Experimental design: 

Cell division kinase 2 like 2 (CDC2L2), a cell division kinase that is also associated with a caspase is regulated by Y 

heterochromatin noncoding RNA in man. It co-precipitates with caspase 3 in immuno-precipitation assays. As a kinase, which co-

precipitates with a caspase, CDC2L2 is a putative candidate for maintaining the balance between the cell division related and 

apoptotic activities that are essential for sperm production in testis. On the other hand, CDC2L2 is regulated by a 5’UTR derived 

from a noncoding RNA from Yq12 heterochromatic block. This noncoding RNA is derived from the DYZ1 repeats, estimated to be 

present in about 4000 copies at human Yq12. We propose to assess the copy number of these noncoding RNA in individuals 

presenting with different degrees of infertility. This could give an idea regarding the effect of copy number of these multi-copy 

DNA isolated from sperm and 

seminal fluid of infertile men. 

oligozoospermic, oligo-asthenozoospermic and 

azoospermic) and from normal healthy subjects 

(controls).  

 

2. DNA isolation from seminal fluid and sperm 

from individuals with different degrees of 

infertility, based on sperm number and sperm 

morphology. 

 

3. Real Time PCR analysis using primers to the 

Yq12-derived transcripts. 

 

4. Copy number calculation and statistical 

analysis 

numbers of DYZ1 

transcripts with sperm 

count, if any, in sub-fertile 

men using seminal fluid. 

(see flow diagram 2) 

3. Besides alterations at the genomic 

level, a number of proteins also 

affect sperm production. Altered 

expression of these proteins can 

impair spermatogenesis. 

Therefore, besides the DNA based 

studies, we also propose to 

develop some of these as proteins 

as diagnostic markers using 

sandwich ELISA. The level of SOD 

is a sensitive indicator of infertility. 

1. Protein extraction from sperm of infertile men 

from infertile men (normozoospermic, 

oligozoospermic, oligo-asthenozoospermic and 

azoospermic) and from normal healthy subjects 

(controls).  

 

2. Measure SOD activity. 

 

3. Standardize sandwich ELISA and compare 

with SOD activity from same set of samples 

 

Address the possibility of 

correlation between SOD 

activity assay and 

sandwich ELISA detection 

results. 

(see flow diagram 3) 
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sequences in infertility. Noncoding, regulatory regions are also involved in evolution of secondary sexual organs in human males 

(McLean et al., 2011).  

The first part of the study aims to evaluate the copy number of the noncoding transcripts localizing to Yq12 heterochromatin. Using 

semen samples from infertile men and controls, we will compare the expression levels of the CDC2L2 kinase.  

1. Study of seminal plasma for DNA copy number analysis 

DNA based analysis cannot be performed in semen collected from azoospermic men using sperm, as there are no sperm in these 

individuals. DNA/RNA based studies can be done in these individuals only if methods of DNA/RNA isolation are standardized using 

seminal plasma. We propose to standardize DNA isolation from seminal plasma of men for analysis of copy number of the Yq12 

repeats in azoospermic men.  

2. Sandwich ELISA for SOD  

Superoxide dismutase enzyme concentration is considered by WHO as one of the critical parameters of male infertility (WHO, 

1999). The levels of the enzyme can be measured using the activity assay. ELISA is a sensitive assay to measure levels of a protein 

in cell/tissue lysates. Sandwich ELISA assays protein levels using capture and detection antibodies, in situations where the protein 

of interest is present in very low concentrations.  SOD is a known marker for infertility. Comparative analysis of the two methods, 

biochemical activity assay and sandwich ELISA, using SOD as the candidate protein will elucidate the sensitivity of the method for 

extension of this technique to other proteins, not purported to be involved in infertility yet.  

3. SOD activity  

Superoxide dismutase (SOD) is an enzyme that catalyses the dismutation of superoxide radicals into oxygen and H2O2. The 

scavenging activity of the enzyme will be measured by SOD assay. The principle of the assay is that superoxide radicals are 

generated by Xanthine oxidase conversion of Xanthine to H2O2 and uric acid. The superoxide radicals thus generated converts 

Nitro-blue tetrazolium (NBT) to NBT-diformazan that absorbs light at 560nm. SOD present in the sample scavenges BT and thereby 

reduces the formation of NBT-diformazan. Thus the extent of reduction in appearance of NBT-diformazan is the measure of SOD 

activity present in the sample. 

4. Sandwich ELISA 

The sandwich ELISA measures the amount of antigen between two layers of antibodies. Sandwich ELISAs for quantification of 

antigens are especially valuable when the concentration of antigens is low and/or they are contained in high concentrations of 

contaminating protein. 
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Figure 1. Isolation of DNA from seminal fluid and sperm for comparative copy number of Yq12 
heterochromatin transcripts  
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Figure 2. Yq12 heterochromatin transcript analysis from sperm 
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Figure 3. Schematics of SOD Assay & Sandwich ELISA 
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Execution of the projects: 

 

Time Frame Goal Techniques Responsible Mentor Number of 
Interns 

     

Week 1 Sperm DNA isolation Sorting and separation of 

different types of male infertility 

samples. 

 

DNA isolation with one set 

(normal), Gel check, quantitation 

Dr. Jesudasan 2 

Week 2 Copy number analysis Isolation of DNA from more 

samples, Gel check, quantitation, 

Real Time PCR 

Dr. Jesudasan 2 

Week 3 Sperm DNA isolation 

 

 

Standardization of DNA 

isolation from seminal fluid 

DNA isolation, RTPCR from 

different samples 

 

DNA isolation, RTPCR 

Dr. Jesudasan 

 

 

Annapurna 

 

 

2 

 

 

2 

 

Week 4 Sperm DNA isolation (different 

samples) 

 

Seminal fluid DNA isolation 

(different samples) 

 

Standardization of sandwich 

ELISA 

DNA isolation, RTPCR 

 

 

DNA isolation, RTPCR 

 

 

 

Biotinylation of SOD antibody, 

Sandwich ELISA 

Annapurna 

 

 

Dr. Jesudasan/ 

Annapurna 

 

 

Dr. Jesudasan/ 

Annapurna 

2 

 

 

2 

 

 

 

2 

Week 5 Sperm DNA isolation (different 

samples) 

 

Seminal fluid DNA isolation 

(different samples) 

 

Sandwich ELISA, SOD activity 

(different samples) 

DNA isolation, RTPCR 

 

 

DNA isolation,  

RTPCR 

 

 

Sandwich ELISA, NBT assay 

R Jesudasan/ 

Annapurna 

 

Dr.  Jesudasan/ 

Annapurna 

 

 

Dr. Jesudasan/ 

Annapurna 

2 

 

 

2 

 

 

 

2 

Week 6 Sperm DNA isolation (different 

samples) 

 

Seminal fluid DNA isolation 

(different samples) 

 

Sandwich ELISA, SOD activity 

(different samples) 

DNA isolation, RTPCR 

 

 

DNA isolation, RTPCR 

 

 

 

Sandwich ELISA, NBT assay 

Dr. Jesudasan  

 

 

Annapurna 

 

 

 

Dr. Jesudasan/ 

2 

 

 

2 

 

 

 

2 
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Methods 
1. Separation of immature and mature sperm 

2. Sperm viability  

3. Sperm morphology 

4. DNA isolation from Seminal Plasma 

5. Real-Time quantitative PCR  

6. Copy number calculation and statistical analysis.  

7. Sandwich ELISA 

8. Measurement of SOD activity 

Annapurna 

Week 7 Consolidation of Results of the 

3 projects 

Statistical Analysis Dr. Jesudasan/ 

Annapurna 

6 reports 

Week 8 Report Preparation of the 3 

projects 

Consolidation 

Correction,  

Dr. Jesudasan/ 

Annapurna 

6 reports 
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Preceptor: Prof. SS du Plessis (PhD, MBA) 
           Head, Division of Medical Physiology 
                  Faculty of Health Sciences 
                    Stellenbosch University 
       PO Box 19063, Tygerberg, 7505, South Africa 
                  Phone: +27-21-938-9388 
                   E-mail: ssdp@sun.ac.za 
 

                            

Project 2: Oxidative Stress and Alterations in Major Sperm Proteins in Infertile Men – A 
Proteomic Approach  

 

Rationale/ Study hypothesis:  

There are two common forms of free radicals namely, reactive oxygen species (ROS) and reactive nitrogen species (RNS). 

Maintenance of appropriate levels of ROS is essential for normal spermatogenesis and safeguarding of healthy sperm in the male 

reproductive tract. Human spermatozoa are very sensitive to ROS levels and humans constantly produce enzymes dedicated 

towards ROS disposal. Catalase, superoxide dismutase and glutathione peroxidase are the most well known of these enzymes. 

Production of ROS in spermatozoa above physiological levels (supraphysiological) can result in damage to the male reproductive 

system due to these pathological ROS levels. An imbalance between the level of ROS formation and the ability of antioxidants to 

scavenge excessive amounts of ROS can cause oxidative stress; a well known condition involved in the etiology of male infertility. 

Even though the pathological effects of free radicals on sperm function have been described extensively in the literature, not much 

research has focused on the underlying causes with regards to the proteins involved in the endogeous production of ROS and 

antioxidant enzymes (e.g. catalase, superoxide dismutase, glutathione). We hypothesize that spermatozoa from semen samples 

showing pathological levels of ROS will have several proteins that are differentially expressed compared to normozoospermic 

samples, thereby resulting in infertility. 

 

In this pilot study, we will identify proteins that are differentially expressed or absent in spermatozoa from infertile men exhibiting 

high levels of ROS and compare the protein profile results to those of sperm obtained from healthy controls. We will utilize amongst 

others novel proteomic techniques to identify these proteins. Two main aims will be examined 

Specific aims: 

Aim 1. Conduct proteomic analysis of spermatozoa obtained from infertile men exhibiting high levels of ROS, normal levels of ROS 

and healthy male subjects (controls). 

Aim 2. Identify differentially expressed proteins and establish their role in oxidative stress related infertility. 

 

Hypothesis Method Expected Outcome 

Subjects with oxidative stress and 

increased levels of ROS in their semen 

will have poor semen parameters. 

Semen analysis of infertile patients and 

healthy male volunteers (controls). 

Measure ROS levels. 

 

Measure total antioxidant capacity (TAC) 

in the seminal plasma. 

Decreased semen parameters in the 

infertile patients. 

Increased ROS levels in the infertile 

patients. 

Decreased TAC in the  infertile patients 
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Infertile men with increased ROS have 

different sperm protein profiles compared 

to those without and normal healthy 

volunteers. 

Isolate the proteins differentially 

expressed between the mentioned 

populations by means of proteomics 

techniques. 

Two dimensional gel electrophoresis (2-

DGE) 

Liquid chromatography mass 

spectrometer analysis (LC-MS) 

Matrix-assisted laser desorption 

ionization-time-of-flight-mass 

spectrometry (MALDI-TOF-TOF).  

 

Differences in proteins detected between 

infertile men with and without oxidative 

stress as well as healthy controls.  

Specific proteins are essential for the 

normal healthy sperm function and are 

altered or differentially expressed in 

infertile men with oxidative stress.  

Identify these isolated proteins using a 

database. 

Ascribe function to these proteins and the 

role they play in sperm function and 

oxidative stress. 

 

Significant differences in proteins involved 

in ROS formation and development of 

oxidative stress. 

 

Expected outcome:  

The study may reveal important protein differences associated with development of oxidative stress and male infertility. We expect, 

for the first time, to identify several sperm proteins involved in these processes.  

Significance:  

Understanding the molecular and cellular mechanisms that regulate human sperm function and prevention the development of 

oxidative stress is strategically important for both the management of male infertility and the development of novel approaches to 

male contraception. The study will help to explain the idiopathic cause of infertility in ROS positive patients. This may not only help 

to explain the etiology of this disorder, but may also help to act as novel functional tests for male infertility and sperm function in 

order to better treat these patients and help them with assisted reproductive techniques. This may be the first study in the area of 

male infertility that may provide important information on protein differences in sperm from infertile men exhibiting oxidative stress. 

Results of this pilot study will be novel and will help establish the protein profiles of healthy sperm samples and those obtained from 

infertile men exposed to oxidative stress (ROS positive). This will contribute to the current body of knowledge and lay a foundation 

for more experiments 

Experimental Design:  

Following IRB approval, semen samples from infertile men presenting to our institution with male infertility (n = 50) and healthy 

normal men (n = 50) will be obtained after 2-3 days of sexual abstinence. The work flow will consist of examining sperm motility, 

concentration, presence of white blood cells, measurement of ROS in seminal ejaculate and total antioxidant capacity in seminal 

plasma. Sperm proteins will be extracted and then separated on 2-DGE followed by liquid chromatography mass spectrometer 

analysis (LC-MS) and Matrix-Assisted Laser Desorption Ionization-Time-Of-Flight-Mass Spectrometry for (MALDI-TOF-TOF) and 

identification of proteins (Flow diagram 1). 
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1. Semen analysis  

Following liquefaction, manual semen analysis will be performed using a Microcell counting chamber (Conception Technologies, 

San Diego, CA) to determine sperm concentration and motility. Semen analysis will be performed according to WHO guidelines 

(1999) to evaluate sperm count, motility and presence of round cells. Viability will be determined by Eosin - Nigrosin stain. Smears 

of the raw semen will be stained with a Diff-Quik kit (Baxter Healthcare Corporation, Inc., McGaw Park, IL) for assessment of 

sperm morphology according to WHO criteria. 

2. Leukocyte determination 

Leukocyte concentrations in semen will be quantified by a myeloperoxidase-staining test. The results will be recorded as X 106 

peroxidase-positive leukocytes/mL of semen. Leukocytospermia will be diagnosed if the concentration of peroxidase-positive 

leukocytes is greater than 1 X 106 /mL of semen. 

3. Separation of immature and mature sperm:  

For separating immature and mature sperm, liquefied semen samples (1-2 mL) will be layered on a double- density (40% and 80%) 

gradient (Vitrolife, San Diego, CA) and centrifuged at 300 g for 20 minutes. The resulting interface between the 40% and 80% layers 

(immature spermatozoa) will be aspirated and resuspended in human tubal fluid media (HTF, Irvine Scientific, Santa Ana, CA). The 

resulting 80% pellet (mature, highly motile spermatozoa) will be aspirated and resuspended in HTF.  

4. Measurement of reactive oxygen species (ROS): 

ROS formation will be measured by chemiluminescence assay using luminol (5-amino-2, 3-dihydro-1, 4-phthalazinedione and 

lucigenin. Test samples will consist of luminol (10 μL, 5 mM) and 400 µL of sperm suspension. Negative controls will be prepared by 

replacing sperm suspension with phosphate buffered saline. Chemiluminescence will be measured for 15 min using a Berthold 

luminometer (Autolumat Plus 953). Results will be expressed as relative light units (RLU)/sec/ X 106 sperm. 

5. Measurement of total antioxidant capacity:  

All samples will be centrifuged at 1,000 X g for 10 minutes at 4oC. Clear seminal plasma will be aliquoted and frozen at -70oC till the 

time of antioxidant (total antioxidant capacity, TAC) assay. Seminal plasma total antioxidant measurement will be done using the 

antioxidant assay kit (Cayman Chemical, Ann Arbor, Mich.). All seminal plasma samples will be diluted 1:10 with the assay buffer 

before assaying to avoid variability due to interference by the plasma proteins or sample dilution. Samples as well as Trolox 

standards will be assayed in duplicate. Trolox standards and reagent will be prepared as per the manufacturer’s instructions at the 

time of the assay.  

After the plate configuration, 10 µL of Trolox standard and samples will be loaded on to the corresponding wells of a 96-well plate. 

Then 10 µL of metmyoglobin and 150 µL of chromogen will be added to all standard/sample wells. The reaction will be initiated by 

adding 40 µL of hydrogen peroxide (H2O2) as quickly as possible. The plate will be covered and incubated for 5 minutes on a shaker 

at room temperature. Absorbance will be monitored at 750 nm using ELx800™ Absorbance Microplate Reader (BioTek Instruments, 

Inc., Winooski, Vt.). Results will be repressed as micromoles of Trolox.  

6. Spermatozoa collection and protein extraction:  

Frozen semen samples from each subject will be thawed and spermatozoa will be separated by centrifugation at 13000 rpm for 30 

minutes at 4oC. Once the supernatant is removed, the spermatozoa will be solubilized in lysis buffer containing 2% octyl-B-

glucopyranoside, 100 mM dithiothretol, 9.8 M urea and protease inhibitors. The spermatozoa samples will be stored overnight in the 

refrigerator to allow for complete lysis of the spermatozoa including the cell membranes. Acetone will be added to an aliquot of the 

lysed cells to precipitate the proteins. The protein content will be then quantified using the Biuret method. 

A total of 150 μg of protein precipitate will be rehydrated in 200 µL of buffer (7M Urea, 2 M thiourea, 1% DTT, 1% Chaps, 0.2% 

ampholyte, and 1% triton-X). Isoelectrofocusing (IEF) will be performed on 11 cm strips with a pH range of 5-8. The IEF strips will be 

used for electrophoresis in second dimension for further resolution of proteins isolated from sperm cell. The 2-D gels will be fixed in 
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a solution containing 50% methanol and 10% acetic acid and stained with Sypro Ruby. After the 2-D gels will be thoroughly washed 

and photographed on a BioRad Molecular imager FX. 

7. In-gel digestion of protein band: 

The uniquely identified bands will be excised from the 2D-gel as closely as possible with a gel punch. They will be then washed and 

distained in 50% acetonitrile containing 5% acetic acid followed by dehydration in the speed vac concentrator. The dried gel pieces 

will be digested overnight with trypsin (5 μL of 10ng/μL) in 50 mM ammonium bicarbonate and overnight digestion will be performed  

at 37oC. The peptides generated by trypsin digestion will be extracted from the polyacrylamide gel in two 30 μL volumes of 50% 

acetonitrile and 5% formic acid. The extracts will be combined and evaporated in a speed-vac concentrator to reduce the volume to 

10 μL. The samples will be resuspended in 15% acetic acid to make a final volume of ~ 30 μL for liquid chromotography mass 

spectrometer (LC-MS, Finnigan LTQ) analysis. 

8. Liquid chromotography mass spectrometer analysis: 

Ten μL volumes of the extracted peptide samples will be injected on a Phenomenex Jupiter C18 reversed-phase capillary 

chromatography column (a self-packed 9 cm x 75 μm inner diameter) for LC separation prior to introduction into on-line mass 

spectrometer. The peptides eluted from the column by an acetonitrile + 0.1% formic acid gradient at a flow rate of 0.25 μL/min will 

be introduced into the source of the mass spectrometer on-line. The microelectrospray ion source will be set to 2.5 kV. The digest 

will be analyzed using the data dependent multitask capability of the instrument acquiring full scan mass spectra to determine 

peptide molecular weights and product ion spectra to determine amino acid sequence in successive instrument scans. This mode of 

analysis produces approximately 2500 collusion induced dissociation (CID) spectra of ions ranging in abundance over several 

orders of magnitude. The data will be analyzed by using all CID spectra collected in the experiment to search the National Center for 

Biotechnology Information (NCBI) non-redundant database with the search engine Mascot (Matrix Science, Boston, Mass), which 

uses a mammalian taxonomy filter. All matching spectra will be verified by manual interpretation. The interpretation process will be 

aided by additional searches using the programs Sequest and Blast as needed. 

9. Matrix-assisted laser desorption ionization-time-of-flight-mass spectrometry for (MALDI-TOF-
TOF) analysis: 

An aliquot from the samples (15%) will be drawn and dried in a speed-vac concentrator. The samples will be resolubilized in 50% 

acetonitrile containing 0.1% Trifluoroacetic acid (TFA). An equal volume of the samples will be mixed with a-cyano-4-hydoxy 

cinnamic acid matrix dissolved in 50% acetonitrile containing 0.1 % TFA and an aliquot (1μL) of this mixture will be spotted on 

MALDI- plates for MALDI-TOF-TOF analysis. 

10. Data analysis  

The data from the core lab will be analyzed by using all CID spectra collected in the experiment to search the National Center for 

Biotechnology Information (NCBI) non-redundant database with the search engine Mascot (Matrix Science, Boston, Mass), which 

uses a mammalian taxonomy filter. All matching spectra will be verified by manual interpretation. The interpretation process will be 

aided by additional searches using the programs Sequest and Blast as needed. In addition the data will be analyzed for differences 

and correlation with other semen parameters. See the attached memo from our senior biostatistician.  

 



Center for Reproductive Medicine                                                                                                                                                        Bench Research Projects 

Summary of Bench Project: 2011 13

Experimental Flow Diagram 
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Infertile subjects 

(n = 50) 
Healthy male volunteers/controls 

(n = 50) 

Proteomic Analysis 
1. Protein separation (2D-gel electrophoresis) 
2. Protein spots excised and subjected to in-gel 

digestion 
3. Peptides separated (HPLC) 
4. Amino acid sequence determined (Mass 

ROS determination 

(Luminometer) 

Spermiogram 
(concentration, motility, viability, 
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Double wash (300xg, 5min in PBS) 

Store (-196°C in liquid nitrogen) 
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Total Antioxidant 
Capacity determination 

(Plate reader) 

Identification of differentially expressed 
protein spots  

(CID spectra using search engines such as 
Mascot and Sequest and Blast) 

Identify unique proteins present or absent in 
infertile men with or without oxidative stress 

and compare with controls 
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Preceptor: Rakesh Sharma, Ph.D 

Project Staff & Coordinator 
Andrology Laboratory and 

Center for Reproductive Medicine 
Cleveland Clinic, A19.1 
Phone: 216-444-4350 

Cell: 216-548-2764 
E-mail: sharma@ccf.org 

  

Saleem Bani-Hani, PhD 
Research Fellow 

Center for Reproductive Medicine 
Glickman Urological & Kidney Institute, 

Cleveland Clinic 
banihas@ccf.org 

 

Project 3: Potential Role of Curcumin and Pentoxifylline in Improving Sperm Motility in 
Post-thaw Human Spermatozoa Following Exogenous Exposure to Oxidative Stress    

Study Rationale:  

Spermatozoa are vulnerable to reactive oxygen species (ROS) because of the high amounts of polyunsaturated fatty acids in the 

plasma membrane. Excessive generation of ROS in semen by abnormal spermatozoa can overwhelm the antioxidants levels and 

result in oxidative stress (OS). Hydrogen peroxide (H2O2) is major ROS producer in human spermatozoa. Sperm quality plays a 

crucial role in reproduction and several recent studies have documented loss of sperm chromatin integrity or DNA damage due to 

OS as a major cause of infertility and failure in assisted reproductive techniques (ART). 

Curcumin (diferuloylmethane) a natural pleiotropic polyphenol present in the root of Curcuma longa has been shown to have 

beneficial properties in preventing and treating cancer, rheumatoid arthritis, ulcerative colitis, hepatic injury, pulmonary fibrosis and 

asthma. It also has potent antioxidant and antiinflammatory properties. However there are no reports that have examined the 

beneficial effect of curcumin in reducing oxidative stress induced damage in spermatozoa. Many ART procedures use frozen semen 

samples and freezing effects sperm quality. Curcumin may be beneficial in the treatment of infertile men with elevated levels of ROS 

and low antioxidant levels and also beneficial during sperm processing and freezing.  

Pentoxifylline [(1-(5-oxohexyl)-3, 7-dimethylxanthine)] is a xanthine derivative drug that acts as inhibitor of cyclic guanosine 

monophosphoate (cGMP)-phosphodiesterase enzyme. It has been shown that human semen supplementation with pentoxifylline 

(PF) increases sperm motility. Other reports indicate its ability to scavenge reactive oxygen species (ROS) produced by human 

sperm. PF supplementation after thawing of cryopreserved spermatozoa increases post-thaw motility. Although reports suggest the 

efficacy of pentoxifylline in improving sperm motility in vitro, the mechanism by which it increases sperm motility is not clear. Recent 

reports suggest that nitric oxide synthase (NOS) is present in human spermatozoa and nitric oxide (NO) produced is very important 

to maintain the adequate motility of human spermatozoa.  

In the present work, our central hypothesis is that PF and curcumin may affects human spermatozoa quality, particularly motility, via 

affecting NOS activity, and altering the levels of intracellular nitric oxide being produced.    

Specific aims: 

Aim 1: To optimize the concentration and incubation time of Curcumin and pentoxifylline and examine the baseline production of 

NO in post thaw samples. 
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Aim 2: To study the antioxidant effect of Curcumin and pentoxifylline on NO production following exogenous exposure to oxidative 

stress. 

Aim 3: To study the antioxidant effects of Curcumin that prevent cryopreservation-induced sperm damage. 

Specific aims and expected outcomes: 

 

Specific aim  Hypothesis  Expected outcome 

1. To standardize curcumin concentration 

and incubation time that is not toxic to 

spermatozoa. 

Explore the effect of curcumin and PF on the 

baseline of nitric oxide production in post-

thaw human spermatozoa 

Curcumin at lower 

concentrations has no adverse 

effect on sperm motility and 

viability. 

Curcumin and PF may increase 

the baseline NO production in 

post-thaw sperm 

 

2. To investigate the effect of PF and 

curcumin on nitric oxide production in post-

thaw human spermatozoa after inducing 

oxidative stress using hydrogen peroxide 

(H2O2). 

Curcumin and PF may decrease 

the baseline of NO production in 

post-thaw sperm 

 

Establish concentration of curcumin that 

does not decrease sperm motility and 

viability.  

 

 

 

 

 

 

Both aim 1 and 2 are collectively expected to 

identify role of curcumin and PF on NO 

production in human sperm in normal and 

after induction of oxidative stress. 

 

3. To detect the effect of H2O2 on nitric oxide 

production in post-thaw human spermatozoa 

H2O2 may increase nitric oxide 

production in post-thaw sperm 

Verify the correlation between increased 

levels of hydrogen peroxide and NO 

production in human  spermatozoa  

   

Expected outcome: 

This study may assess the improvement in sperm motility following in vitro addition of curcumin and pentoxifylline to sperm exposed 

to oxidative stress.  

Significance of the study: 

Sperm banking is a viable option for patients diagnosed with cancer who choose to bank their specimens before undergoing 

treatment for the disease. Sperm quality is invariably poor in these patients when these sperm are used for assisted reproductive 

procedures. Similarly many ART procedures use frozen semen samples and freezing effects sperm quality. Curcumin has potent 

antioxidant and antiinflammatory properties. However there are no reports that have examined the beneficial effect of curcumin in 

reducing oxidative stress induced damage in spermatozoa. This work will also be in advantage to provide more insights establishing 

a the use of curcumin, a very  inexpensive food additive and spice in treatment of oxidative stress induced male infertility and also 

the role of pentoxifylline and curcumin in improving sperm motility after cryopreservation. PF is a cGMP-phosphodiesterase inhibitor, 

understanding the mechanism by which this drug affects human spermatozoa quality will be beneficial for improving sperm motility 

especially in cancer patient’s. These compounds may prove to be an important treatment modality in men with idiopathic infertility 

but may also result in achieving better success rate in ART. These findings may help in the management of clinical Andrology tests 

and provide a new therapeutic tool for male infertility especially unexplained infertility. 
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Experimental design: 
Semen samples (n=10) from healthy donors will be collected by masturbation after 48 – 72 hours sexual abstinence, and analyzed 

according to the World Health Organization guidelines (1999). Measurement of volume, cell concentration, motility and round cell 

count will be carried out manually as described in World Health Organization guidelines (WHO, 1999). 

Standard semen analysis: 
Following liquefaction, semen specimens will be evaluated for volume, sperm concentration, motility, and viability as per WHO 1999 

guidelines. A total amount of 5 µL of the sample will be used for manual evaluation of concentration and motility using MicroCell 

counting chamber (Vitrolife, CA).  

Sperm Motility and viability: 
Sperm motility will be examined based on WHO 1999 guidelines. For viability, sperm will be stained by Eosin Nigrosin staining. At 

least 200 sperms will be scored per sample by 400x magnification. The percentage of dead (colored pink) and live (unstained) cells 

will be evaluated. Viable sperm do not take on the eosin-nigrosin stain and appear white (unstained), while dead sperm pass 

through eosin-nigrosin stain and appear pink. 

 
Cryopreservation of sperm:  
Specimens will be cryopreserved using TEST-Yolk Buffer (TYB, Irvine Scientific, Santa Ana, CA). TYB will be added to the sperm 

samples at room temperature. An aliquot of the freezing medium equal to 25% of sperm sample volume will be added to the 

specimen and gently mixed for 5 minutes using a Hema-Tek aliquot mixer (Miles Scientific, Elkhart, IN). This will be repeated to give 

a final 1:1 (v/v) ratio of freezing medium to the sperm samples. Cryovials (1.5 mL; Corning, Pittsburg, PA) containing the specimens 

will be placed in the freezer at -20°C for 8 minutes and in liquid nitrogen vapor at -80°C for 2 hours. The vials will be transferred to 

liquid nitrogen at -196°C. Twenty-four hours after the samples are frozen, the vial will be removed and thawed by incubating it at 

37°C for 20 minutes. Spermatozoa will be resuspended in HTF media immediately after thawing, and sperm motility will be 

reassessed. 

Swim up preparation: 
Semen pooled with cryopreservation will be thawed and prepared by a direct swim up procedure to obtain highly motile 

spermatozoa. 0.8 ml of homogenized semen will be pipetted carefully under 1 ml of HTF placed in a 15 ml conical centrifuge tube. 

The tube will be kept at 90º angle for 1 hr at 37ºC. The uppermost (~ 0.6 – 0.8 µL) medium, containing the highly motile sperm, will 

be aspirated gently, transferred to another test tube, and centrifuged for 4 min at 1600 rpm. The top layer will be discarded, and the 

sperm resuspended in 0.5 mL and adjusted to 2 x 106/mL concentration with HTF.  

Induction of oxidative stress and measurement of NO:  
Six aliquots, A, B, C, D and E from each semen sample will be prepared in duplicate. Each aliquot from one set containing about 0.4 

ml of the adjusted sperm concentration, will then prepared and subjected to the following treatments: (A) supplemented with 1 mM 

PF; (B) supplemented with 10 mM PF; (C) supplemented with 100 µM H2O2; (D) supplemented with 100 µM H2O2 and 1 mM PF; and 

(E) without intervention (control). Similarly another set will be prepared for curcumin (A) supplemented with 1 µM curcumin  (B) 

supplemented with 5 µM curcumin ; (C) supplemented with 100 µM H2O2; (D) supplemented with 100 µM H2O2 and 1 or 5 µM 

curcumin. All samples will be incubated 1 hour at 37ºC in dark. After that, 4, 5,-diaminofluorescein diacetate DAF-2DA at 20 µM will 

be added to all samples except E (control), and incubated again for 30 min at 37ºC in dark.  

Intracellular levels of NO will be measured by flow cytometry and flouresecence of triazolofluorescein (DAF-2T) formed will be 

measured. After Flow cytometry, the viability of all samples will be measured using Eosin-Nigrosin.  
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Figure 1: Optimization of curcumin concentration and incubation time 
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Figure 2: Cryopreservation and measurement of NO following incubation with curcumin 
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Figure 2: Cryopreservation and measurement of NO following incubation with pentoxifylline 
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Time Line: 4‐5 interns 

1. Standardization of curcumin concentration and incubation time – week 1 (2 interns) 

2. Freezing of samples into multiple aliquots – week 2-3 (2 interns) 

3. Swim up and processing for curcumin – week 4-5 (2 interns) 

4. Flow cytometry – week 4-5 (2 interns) 

5. Sperm motility and viability measurement – week 4-5 (2 interns) 

6. Swim up and processing for PF – week 6-7 (2 interns) 

7. Flow cytometry – week 6-7 (2 interns) 

8. Sperm motility and viability measurement – week 6-7 (2 interns) 

9. Data entry – week 8 (2 interns) 
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Materials needed: 
1. Pentoxifylline 

2. Curcumin 

3. Diaminofluorescein diacetate (DAF-2DA) 

4. Human tubal fluid (HTF) 

5. Phosphate buffer saline (PBS)  

6. Dimethyl sulfoxide (DMSO) 

7. Cryopreservation media  

8. Eosin stain  

9. Nigrosin stain 

10. Pipettes (1-10, 10-100, 100-1000 µL) 

11. Tips (1-10, 10-100, 100-1000 µL) 

12. Cryotubes (2 ml) 

13. Plastic tubes (5 ml) 

14. MicroCell slides 

15. Centrifuge  

16. Vortex 

17. Incubator  

18. Flow cytometer 

19. Microscope  
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Project 4: Evaluation of the Effect of Silicone Vaginal Lubricant on Sperm Function 

 

Study hypothesis/Rationale:  
Several reports have shown that certain marketed aqueous-based personal lubricant products may have a detrimental effect on 

sperm survival. However, the effect of silicone-based personal lubricants on sperm has not been evaluated. In theory, the potential 

for sperm compatibility should be high as silicone and semen are not miscible, and silicone fluids have no anticipated effect on the 

ionic balance or pH of semen. Additionally, silicone lubricants do not foster the growth of microorganisms. The aim of this proposal 

is to evaluate whether a silicone-based personal lubricant would have any detrimental effects on sperm motility, viability and 

membrane integrity of the sperm. Astroglide Gel will be used as negative control and PreSeed as positive control. Sperm will be 

mixed with silicone test product(s) at different concentration (vol./vol.) and incubated for 1 and 2h at 37oC.  

 

Specific aims:  
The goal of the current proposal is to evaluate whether a silicone-based personal lubricant may have any harmful effects on sperm 

motility and viability and membrane integrity. This study aims to analyze the effect of 2 vaginal lubricants on sperm motility and 

viability, compared to a positive and negative control.  

 

Hypothesis Method Expected Outcome 
 

Vaginal lubricants affect sperm 

motility and viability 

Semen samples from 25 subjects (25 

million/ mL) incubated 10% (vol./ vol.) of 2 

silicon personal lubricants.  

 

Control 1: Astroglide 

 

Control 2: Pre-seed 

 

Test 1: Silicone lubricant 

 

Test 2: Conceive Plus   

 

Incubation: 30 minutes at 37oC 

 

Examine sperm motility and viability in test 

and controls. 

 

Sperm motility, viability and membrane 

integrity may be effects to different extent 

with each vaginal lubricant compared with 

controls. 
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Significance: 
Inadequate vaginal lubrication is a frequent sexual dysfunction experienced in patients undergoing infertility investigation. This can 

lead to frequent use of coital lubricants. Studies assessing the effect of lubricants on sperm motility are therefore important. 

Traditional vaginal lubricants have been shown to adversely affect sperm motility. Many commercial lubricants are available; both 

water based and silicone based. Some of the common water-based lubricants available are: Astroglide® (Biofilm, Inc., Vista, CA, 

USA), Just Like Me® and Sweet Seduction® (Pure Romance, Loveland, OH) and K-Y Liquid® (Johnson & Johnson, New 

Brunswick, NJ). The silicone-based lubricants are Pure Pleasure® (Pure Romance) and Wet Platinum (Trigg Laboratories, Valencia, 

CA). 

 

Astroglide and K-Y Jelly have been tested at varying concentrations to assess their suitability for infertility patients requiring a 

lubricant. Both lubricants impaired sperm motility in a concentration-dependent manner. In another study, sperm exposed to 

Replens or Astroglide became nonmotile and nonviable after incubation for 60 minutes. The effect of adding four lubricants: KY jelly, 

baby oil, olive oil and saliva on sperm motion parameters in patients undergoing infertility investigations was tested. Sperm samples 

were prepared by density gradient centrifugation prior to mixing with lubricants at 6.5% and 12.5%. Motility parameters were 

determined using computer-assisted semen analysis after 5, 15 and 30 min. Except for baby oil, all lubricants at concentration of 

12.5% significantly decreased percentage progressive motility, progressive velocity, curvilinear velocity and lateral head 

displacement. At 6.5% concentration, both olive oil and saliva significantly reduced progressive motility parameters, while KY jelly 

diminished head movement parameters. It was concluded that even at these very low concentrations, coital lubricants impair sperm 

motility and thus may adversely affect fertility. Effect of vaginal lubricants, Pre-Seed, FemGlide, Astroglide, and Replens on human 

sperm motility and chromatin integrity was also reported. Percent motility did not differ significantly between HTF controls and Pre-

Seed, whereas FemGlide, Replens, and Astroglide lubricants demonstrated a significant decrease in motility. There was no 

significant difference in percent DNA fragmentation index between the HTF controls and Pre-Seed, but a significant decline in sperm 

chromatin quality occurred with FemGlide and K-Y Jelly. No significant decrease in progressive sperm motility or chromatin integrity 

was seen with Pre-Seed in contrast to other lubricants used by couples.  

 

The goal of the current proposal is to evaluate whether a silicone-based personal lubricant have any harmful effects on sperm 

motility, viability and sperm membrane integrity.  

 

Experimental design: 

Following the approval of the study by the Institutional Review Board of the Cleveland Clinic, semen samples will be collected from 

donors. Steps included in our experimental design for Specific Aims 1 and 2 are shown by the Flow diagrams (figures 1-2).Semen 

samples obtained will be assessed and confirmed to adhere to 1999 WHO criteria (concentration: > 20 X 106 sperm/mL, motility: 

>50%). All specimens will be collected by masturbation at the Andrology Laboratory after a period of sexual abstinence of 48 – 72 

hours and will be allowed to liquefy completely for 15-30 minutes at 37°C before further processing. Measurement of volume, cell 

concentration, motility and round cell count will be carried out manually as described in World Health Organization guidelines (1). 

In the first experiment, raw semen samples from 25 donors will be diluted to about 25 million sperm/mL in human tubal fluid (HTF) 

medium with 10% human serum albumin (HSA). The samples will be incubated for 30 minutes at 37oC under 5% CO2 in the medium 

alone as a control and in 10% solutions of all four lubricants: The 10% lubricant dilution was chosen on the basis of concentrations 

of lubricant potentially present after intercourse and ejaculation and is reflective of the concentration used in the previously 

published studies: 5% to 30% (2-5). These studies assumed a normal ejaculate volume of approximately 3 mL with lubricant 

volumes estimated by amount of product applied displacement during intercourse, and subsequent dilution with female secretions. 

At 30 minutes of incubation, two aliquots from each treatment, in random order, were removed and routinely evaluated for 

progressive motility by light microscopy. The 30-minute sampling time was chosen on the basis of sperm transport studies 

suggesting that the majority of fertilizing spermatozoa migrate through the cervix within 15 to 30 minutes after ejaculation (6).  
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Standard semen analysis: 

Following liquefaction, semen specimens will be evaluated for volume, sperm concentration, motility, and viability as per WHO 1999 

guidelines. A total amount of 5 µL of the sample will be used for manual evaluation of concentration and motility using Cell Vu 

counting chamber (Fertility Technologies Inc. Marietta, GA).  

Sperm Motility and viability: 
Sperm motility will be classified into 4 grades A, B, C and D based on WHO 1999 guidelines (1). For viability, sperm will be stained 

by Eosin Nigrosin staining. At least 200 sperms will be scored per sample by 400x magnification. The percentage of dead (colored 

pink) and live (unstained) cells will be evaluated. Viable sperm do not take on the eosin-nigrosin stain and appear white (unstained), 

while dead sperm pass through eosin-nigrosin stain and appear pink. 

Membrane integrity: 

Membrane integrity is examined by the ability of the sperm membrane to allow the entry of a hypoosmotic solution. Hypo-osmotic 

swelling (HOS) solution will be prepared by mixing 7.35 g sodium citrate and 13.51 g fructose in 1 liter of distilled water. One 

hundred microliters of semen sample will be mixed with 1 mL of HOS solution and incubated for 60 minutes. A small drop of sample 

will be placed on a clean slide, coverslip will be placed and spermatozoa. Spermatozoa will be examined under a phase contrast 

microscope. A total of 200 spermatozoa will be examined for swelling of tails. Spermatozoa with and without swelling of the tails will 

be calculated. Sperm showing >65% of sperm with swollen tails are considered normal.  

Power analysis:  
This study aims to analyze the potential effects of 2 vaginal lubricants in vitro. It aims to examine the differences in sperm quality in 

the 2 vaginal lubricants compared to the positive and negative controls. Based on an estimated coefficient of variation for 

percentage of motile sperm as low as 20 % changes from basal values, we will estimate that if one setting to another (test groups) 

provides a 50% differences between test and control samples, then that setting has at least a 90% chance of demonstrating the 

greater difference in an individual study of 25 subjects per group. 

 
STUDY DESIGN: 
 Study 1: Testing of silicone lubricants for their solubility in a suitable suspension media. 

We will test the solubility of the silicone lubricant or the ideal suspension, whether they are partially or completely miscible in order to 

evaluate them for their effects on sperm motility and viability. To accomplish this liquefied semen samples will be mixed with the 

lubricant to be tested in different ratios (1:1, 1:2 and 2:1) (Flow diagram 1). Sample will be vortexed at short intervals and incubated 

for 20 minutes. At the end of incubation, aliquots will be examined for physical appearance (miscibility and interaction with sperm), 

motility and viability. This study will help in determining the solubility of silicone lubricants. Semen samples from 5 subjects will be 

examined. 
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Flow Diagram 1 
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Study 2: Test the effect of 2 silicone based personal lubricants on sperm quality. 

This study will examine the effect of 2 silicone lubricants on sperm motility (light microscopy), viability (eosin-nigrosin staining) and 

membrane integrity (hypo-osmotic swelling test). Semen samples from 25 subjects will be used in this study (Flow diagram 2). 

Following complete liquefaction, each sample will be divided into 4 aliquots. Aliquot 1 (Control A) will be mixed with Astroglide gel, 

aliquot 2 (Control B) with Pre-seed, and aliquot 3 (Test A) with silicone based lubricant and aliquot 4 (Test B) with Conceive Plus. All 

aliquots will be incubated for 1 and 2h at 37oC. Percent motility, viability and membrane integrity will be examined in control and test 

samples. 

Control samples:  

- Control A: Astroglide Gel  

- Control B: Pre-seed.  

Test sample:  

- Test A: Silicone based lubricant  

- Test B: Conceive Plus  

Incubation: 60 and 120 minutes at 37oC 

Time Line: 2 interns 

 

1. Standardization of miscibility of lubricant with media – week 1-2 (2 interns) 

2. Testing of sperm samples with lubricants  – week 3-6 (2 interns) 

3. Sperm motility testing   (2 interns) 

4. Sperm viability testing  (2 interns) 

5. Sperm membrane integrity  (2 interns) 

6. Data entry  (2 interns) 

 

Materials needed: 
 

1. Human tubal fluid (HTF) 

2. Phosphate buffer saline (PBS)  

3. Test lubricants 

4. Fructose 

5. Sodium Citrate 

6. Eosin stain  

7. Nigrosin stain 

8. Pipettes (1-10, 10-100, 100-1000 µL) 

9. Tips (1-10, 10-100, 100-1000 µL) 

10. MicroCell 

11. Centrifuge  

12. Vortex 

13. Incubator  

14. Microscope  
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Flow Diagram 2 
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Project 5: Protein carbonyl and lipid peroxidation as markers of oxidative stress in 
human spermatozoa  
 

Study Rationale/ hypothesis:  
Highly reactive free radical species called reactive oxygen species (ROS) are produced as a consequence of normal aerobic 

metabolism. The most common type of ROS are superoxide (O2
.-), hydrogen peroxide (H2O2), hydroxyl radicals (·OH) and 

hypochlorite radical (OHCl.-) (Sikka et al. 1995). Oxidative stress is a result of imbalance between production of the oxygen radicals 

and the ability of antioxidants to scavenge these. Spermatozoa are vulnerable to reactive oxygen species (ROS) because of the 

high amounts of polyunsaturated fatty acids in the plasma membrane. Oxidative stress results in the damage to DNA, protein and 

lipid membrane (Agarwal et al. 2005). Oxidative stress can be measured by direct or indirect methods.  
 

Chemiluminescence assay is a common method for measuring the formation of ROS. Indirect method includes measurement of the 

stable end products of protein oxidation and peroxidation of lipids (lipid peroxidation). One of the markers of protein oxidation is by 

measuring protein carbonyl content. Lipid peroxidation measures the damage caused to the lipid membranes as a result of 

oxidation. In this study we will study the association of ROS, protein oxidation and lipid peroxidation in spermatozoa from infertile 

men and healthy male volunteers (controls).   

 

Specific Aims: 
Aim 1: Measure levels of ROS in seminal ejaculates.  
Aim 2: Standardize Protein Carbonyl assay   

Aim 3: Measure levels of LPO in spermatozoa  
 
 
 
 

Specific aims and expected outcomes: 
 

Aim Hypothesis Methodology Expected outcomes 

1 Infertile patients produce high 

amounts of ROS  
Measure levels of ROS in seminal 

ejaculates of infertile men and 

controls 

Higher levels of ROS in infertile men 
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2 Oxidation of Protein decrease 

sperm quality  
Measure concentration of Protein 

Carbonyl of infertile men and 

controls 

 

Higher levels of PC in infertile patients  

 

3 Lipid peroxidation (LPO) can 

cause membrane injury 

3. Compare concentration of LPO 

in spermatozoa of infertile men and 

controls 

Higher levels of LPO in infertile 

patients  

   

 

Expected outcomes: 
This study is designed to assess the feasibility of using protein carbonyl assay and lipid peroxidation assay to indicate the oxidative 

stress on sperm in infertile men. 
 

Significance of the study: 
Infertility affects almost 20% of the American population. This study will compare 3 markers of oxidative stress in infertile men and 

healthy controls. Establishing the reference values and correlation between the markers will help in evaluating oxidative stress in a 

clinical setting. 

 

Methodology and experimental design: 
Semen samples from infertile men (n=10) and healthy donors (n=10) will be collected by masturbation after 48 – 72 hours sexual 

abstinence. Measurement of volume, sperm concentration, motility and round cell count and viability will be carried out manually as 

described in World Health Organization guidelines (WHO, 1999). 

 

1. Standard semen analysis: 
Following liquefaction, semen specimens will be evaluated for volume, sperm concentration, motility, and viability as per WHO 1999 

guidelines. A total amount of 5 µL of the sample will be used for manual evaluation of concentration and motility using MicroCell 

counting chamber (Vitrolife, CA).  

 

2. Sperm motility and viability  

Sperm motility will be examined based on WHO 1999 guidelines. For viability, spermatozoa will be stained by Eosin Nigrosin. At 

least 200 sperms will be scored for percentage of viable cells.  

 

3. Measurement of ROS: 
ROS will be measured in the seminal ejaculate by chemiluminescence assay. Luminol will be used as the probe.  

 

Preparation of reagents 
 

a). Stock Luminol (100 mM): Weigh 177.09 mg of luminol and add it to 10 mL of DMSO solution in a polystyrene tube. The tube 

must be covered in an aluminum foil due to the light sensitivity of the luminol. It can be stored at room temperature in the dark until 

the expiration date. 

b).  Working Luminol (5 mM): Mix 20 μL luminol stock solution with 380 μL DMSO in  a foil-covered polystyrene tube. This 

must be done prior to every use. Store the solution at room temperature in the dark until needed. 

 

Label 11 tubes as described and add the following reagents.  

 

No. Labeled tubes PBS – 1 X Specimen volume Probe Hydrogen 
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(no.) (μL) (μL) Luminol (5mM) 
(μL) 

Peroxide 
(μL) 

1 Blank (tubes 1-3) 400 —  - 

2 Negative control (tubes 

4-6) 

400 — 10 

3 Patient 

(tubes 7-8) 

— 400 10 - 

4 Positive Control 

(tubes 9-11) 

400  10 50 

 
 Measure chemiluminescence for 15 minutes. Results are expressed as RLU/s/10x6 sperm.  

 

4. Measurement of Protein Carbonyls 
 

The assay is measured by the reaction of 2,4-dinitrophenylhydrazine (DNPH) and protein carbonyls. DNPH reacts with 

protein carbonyls, forming a Schiff base to produce the corresponding hydrazone, a colored reaction which can be measured 

spectrophotometrically.  

 

The main steps are as follows:   

 

1. Transfer 200 μl of spermatozoa to two 2 mL plastic tubes. One tube will be the sample tube (S) and the other will be the control 

tube (C).  

2. Add 800 μl of DNPH to the sample tube and add 800 μl of 2.5 M HCl to the control tube.  

3. Incubate both tubes (S & C) in the dark at room temperature for one hour. Vortex each tube briefly every 15 minutes during the 

incubation.  

4. Add 1 ml of 20% TCA to each tube and vortex. Place tubes on ice and incubate for 5 minutes.  

5. Centrifuge tubes at 10,000 x g for 10 minutes at 4°C in a microcentrifuge.  

6. Discard the supernatant and resuspend the pellet in 1 ml of 10% TCA. Place tubes on ice and let sit for 5 minutes  

7. Centrifuge tubes at 10,000 x g for 10 minutes at 4°C in a microcentrifuge. 

8. Discard the supernatant and resuspend the pellet in 1 ml of (1:1) ethanol/ethyl acetate mixture. Manually suspend pellet with 

spatula, vortex thoroughly, and centrifuge tubes at 10,000 x g for 10 minutes at 4°C in a microcentrifuge.  

9. Repeat step 8 two more times.  

10. After the final wash, resuspend the protein pellets in 500 μL of guanidine hydrochloride by vortexing.  

11. Centrifuge tubes at 10,000 x g for 10 minutes at 4°C in a microcentrifuge to remove any left over debris.  

12. Transfer 220 μL of supernatant from the sample (S) and control tube to two wells of the 96-well plate.  

13. Measure the absorbance at a wavelength between 360-385 nm using a plate reader. 

 

 Results are expressed as: Carbonyl content (nmol/ mg) + (Carbonyl nmol/mL)/ (protein mg/mL) 

 

5. LPO Measurement: 
 
 Frozen aliquots of semen samples will be thawed at room temperature. Lipid peroxidation level will be measured using 

thiobarbituric method. Ferrous sulfate and sodium ascorbate will be used to promote lipid peroxidation. Aliquots of media will be 

incubated with 125 µL each of ferrous sulfate (2.5 mM) and sodium ascorbate (12.5 mmol/L) for a 1 h in a 37° C water bath. Control 

will not contain ferrous sulfate and sodium ascorbate during the incubation period. To precipitate proteins after incubation, 250 µL 

40% ice cold trichloroacetic acid will be added. The sample will be centrifuged at 300 g for min. and 500 µL of clear supernatant will 

be collected.  Thiobarbituric acid (250 µL of 2% in 0.2 M NaOH) will be added to the supernatant.  The tubes will be boiled for 

exactly 15 minutes.  The samples will be cooled in crushed ice and the optical density of the pink color product will be measured at 

534nm.  
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Lipid peroxidation is expressed as µmolMDA/hour/106 spermatozoa 
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Figure 1: Measurement of ROS, Protein Carbonyl and Lipid peroxidation in spermatozoa 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Time line (2 interns) 
 

1. Initial semen analysis 

2. ROS measurement 

3. PC measurement 

4. LPO measurement 

5. Data entry and analysis 

 

Semen samples 

Infertile patients (n = 10)  Health Control (n = 10) 

Correlate LPO, PC, ROS Levels with 

Sperm motility, Sperm viability 

ROS Measurement  

PC Measurement 

LPO Measurement 
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Equipment /Reagents Needed: 
 

1. Protein Carbonyl Assay kit (Cayman Chemical, Ann Arbor, Michigan). 

2. Plate reader  

3. Pipettes (20, 200 and 100 microL)  

4. Pipette tips (20, 200 and 100 microL) 

5. Multichannel pipettes (8 channel, 30-300microL) 

6. Microcentrifuge 

7. Pure water; glass distilled water or HPLC-grade water 

8. Round bottom tubes (12 x 75 mm) 

9. Streptomycin sulfate for removal of nucleic acids 

10. Bovine serum albumin  

11. Spectrophotometer  

12. Disposable polystyrene tubes with caps (15 mL) 

13. Disposable MicroCell Slides 

14. Dimethyl Sulfoxide (DMSO) 

15. Luminol (5-amino-2,3 dihydro-1,4 phthalazinedione) 

16. Polystyrene round bottom tubes (6mL) 

17. Luminometer  

18. Trichloroacetic acid 99.0% 

19. Thiobatbituric acid 98%  

20. Ferrous Sulfate Heptahydrate 

21. Sodium L-ascorbate 
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1. SPERM BIOLOGY AND HUMAN FERTILIZATION 

 
Introduction/Background: 
Recent advances in the field of Andrology may transform the clinical and laboratory understanding and 

assessment of male reproductive problems. Contemporary concepts of sperm physiology and molecular 

biology in the recent years have led to a better understanding of sperm maturation, storage and sperm 

egg interaction.     

 
Significance: 

Understanding sperm production, maturation, storage and sperm oocyte interaction is essential 

for analysis of male fertility problems in a more systematic way.  Male infertility contributes to 50% of 

infertility problems among couples and still more than 50% of these etiologies have not been unraveled. 

Such category is called male infertility of unknown origin which denotes decline in male reproductive 

potential irrespective of adequacy of semen analyses. Identifying the vital physiological characteristics of 

spermatozoa based on cellular, sub-cellular and even molecular levels may aid in the therapy of male 

infertility.   

 
Outline of the planned article: 
 

• Introduction 

• Sperm Structure 

• Regulation and dynamics of spermatogenesis 

• Sperm Maturation 

• Sperm storage 

• Sperm chromatin arrangement and remodeling  

• Sperm transit in male reproductive tract 

• Detrimental factors on spermatogenesis 

• Physiological overview of sperm functions 

• Human fertilization  

• Fertilization capacity of ejaculated, epididymal and testicular sperm 
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• Sperm and oocyte contribution to proper embryonic development 

• Application of sperm physiology in assisted reproductive techniques 

• Cryopreservation and sperm physiology 

 
Literature review: Preliminary literature searches have been done. An exhaustive literature review needs 

to be done before thearticle is written. 

 
Intended audience: The article would be of interest to researchers working in reproductive biology, 

assisted reproduction, infertility, immunology, cell and molecular biology. 

 
Journal:  
 
Suggested literature sources: Pubmed, Science direct 

 
 

2. POTENTIAL ETIOLOGIES OF UNEXPLAINED MALE INFERTILITY 
 
Background: 
Unexplained male infertility refers to the impairment of male reproductive function in the face of normal 

semen analysis and normal female partner evaluation. Such category essentially accounts for 10-30% of 

men seeking medical assistance for infertility problem. Proposed etiologies of such problem include 

erectile, coital problems, immune infertility and sperm dysfunction. Contemporary Andrology has 

revolutionized the concept of sperm function assessment as indicator of fertilizing capacity. Furthermore, 

the mere presence of antisperm antibody in seminal plasma doesn’t constitute sufficient evidence for 

diagnosis of immune infertility. Antisperm antibody associated alteration in sperm function is prerequisite 

for diagnosis of humoral immune infertility. Cellular immune dysfunction, on the other hand, can also 

contribute to male infertility. However, its role is still speculative and further studies are required to unravel 

its significance.  
 
Significance:  
Highlighting the potential causes of unexplained male infertility may aid in suggesting proper work up plan 

and therapeutic lines later. 

 
Outline of the planned article:  
 

• Introduction 

• Basic initial evaluation of the infertile men 

• Potential causes of unexplained male infertility 

• Erectile dysfunction 

• Coital factors 

• Immune infertility 
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• Sperm dysfunction 

• Oxidative stress 

• Genetic factors contribution to unexplained male infertility 

• Fertilization defects 

 
Literature review: Extensive literature review was done and moresearch will be needed to satisfy all 

aspect of unexplained male infertility. 

 
Intended audience: Both clinical and lab andrologists. 
 
Journal: N/A 
 
Suggested literature sources: Pubmed, Science direct 
 
 

3. GENETICS AND UNEXPLAINED MALE INFERTILITY 
 
Background: 

Sperm chromatin is uniquely arranged in a process called chromatin remodeling. Such process is 

fundamentally of protective nature for the sperm genetic material during the long transit pathway in male 

and female reproductive tract. Gentypically normal men may have sperm with abnormal chromosomal 

complement or with severe DNA damage that weakens the potential for fertilization irrespective of normal 

semen testing. Moreover, undiscovered gene mutation and polymorphism can also contribute to 

unexplained male infertility and may not only involve nuclear chromosome but also mitochondrial DNA.   

 
Significance:  
It is a new and unique field of unexplained male infertility in terms of looking at DNA sequence and 

arrangement.  

 
Outline of the planned article: Review 
 

• Introduction 

• Basic arrangement of nuclear and mitochondrial DNA, chromatin and chromosome  

• Sperm chromatin remodeling  

• Role of sperm chromosomal complement alterations   

• Y chromosome microdeletion 

• Gene mutations and polymorphism  

• Alterations in mitochondrial DNA. 

• Clinical highlights of genetic role in unexplained male infertility 

• Genetic diagnostic tests  

• Role of Genomics in unexplained male infertility. 
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Literature review: Genetic is enormously growing field in Andrology and a lot of articles are published 

monthly examining various genetic aspects in male infertility. However, our search should focus on 

possible contribution of genetic factors to infertility in men with normal semen analyses that may require 

meticulous review of the available literature. 

 
Intended audience: Clinicians/ Genetic specialists 
 
Journal: N/A 
 
Suggested literature sources: Pubmed, Science direct 
 
 

4. OXIDATIVE STRESS IN UNEXPLAINED MALE INFERTILITY 
 
Introduction/Background: 
Reactive oxygen species (ROS) perform vital physiological processes such as facilitating acrosome 

reaction and sperm oocyte interaction. However, excess in ROS production or decline in the neutralizing 

antioxidant capacity of semen may give rise to oxidative stress (OS).  Several studies examined oxidative 

stress in infertile men with normozoospermia and found that at least 11% of such men may have OS as a 

single potential etiology of their infertility problems.   

 
Significance: 
OS has been reported in 30-80% of infertile men and considered single independent indicator of male 

infertility. However, most of the studies on ROS were contemplated on men with low semen quality. Given 

the fact that OS may contribute not only to alterations of semen parameters but also to sperm 

dysfunction, several studies were accomplished to explore such fact in unexplained male infertility as 

well. 
 

Outline of the planned article: 
 
• Introduction 

• Sources and physiological role of reactive oxygen species 

• Natural seminal antioxidant system 

• Oxidative stress 

• Alteration of sperm functions due to oxidative stress 

• Unexplained male infertility and oxidative stress 

• Measurements of oxidative stress parameters 

• Antioxidant therapy 

 
Literature review: There was one published article held in Cleveland Clinic Center of Reproductive 

Medicine. Further search will certainly be needed. 
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Intended audience: This article is intended for clinical and lab andrologists. 
 
Journal: N/A 
 
Suggested literature sources: Pubmed, Science direct 
 
 

5. EVALUATION OF MEN WITH UNEXPLAINED MALE INFERTILITY  
 
Introduction/background: 
Proper and meticulous evaluation should be conducted on infertile men particularly on those with normal 

semen testing. This evaluation may be different from infertile men with abnormal semen parameters in 

many clinical and lab aspects. In addition, the work up may include proper patient education regarding the 

female fertile window and timing of fruitful intercourse.  

 
Significance:  
Even experienced physician may feel frustrated when dealing with men with unexplained infertility. 

Accuracy and cost of novel techniques and further need for assisted conception should be explained to 

the patient from clinical point of view. Proposing suitable work up plan fitting the needs and characteristics 

of various patients will be of great importance to clinical management of infertility among these men. 

 

Outline of the planned article: 

• Introduction  

• Assessment of men with normal semen analysis: clinical perspective. 

• Work up plan for management of men with normal semen analysis 

o Postcoital test 

o Assays for antisperm antibody 

o ROS measurement 

o DNA integrity defects  

o Acrosome reaction assessment  

o Test for hyperactivation 

o Zona pellucida binding assay 

o Sperm penetration assay 

 
Literature review: Dedicated literature review will be needed. 
 
Intended audience: The article will be of interest to clinicians, ART specialist, and embryologists. 
 
Journal: Not provided 
 
Suggested literature sources: Pubmed and Science direct 
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6. TREATMENT STRATEGIES AND PROGNOSIS OF MEN WITH UNEXPLAINED MALE INFERTILITY 

 
Background: 
In general men with unexplained infertility have good prognosis regarding their future fertility potential. 

However, predictors of fertility potential are essentially dependent upon duration of infertility and female 

partner age. Treatment strategies should be organized and evidence based to achieve fertility with the 

least possible complications.  

 

Significance: 
Very few articles focus on proper management of men with normal semen analysis. 

 
Outline of the planned article: 

•  Introduction 

• Treatment strategies of men with unexplained male infertility  

• Watchful waiting 

• Active management  

o Treatment of immune infertility 

o Treatment of oxidative stress  

o Strategies to minimize DNA damage 

o Assisted conception  

• Prognosis  

 
Literature review: Extensive literature review will be required. 
 
Intended audience: This article will be of interest to clinical andrologists and ART specialists. 
 
Journal: Not provided 
 
Suggested literature sources: Pubmed, Science direct 
 
 

7. DEFINITIONS, EPIDEMIOLOGICAL TRENDS AND GRADING OF MALE FACTOR INFERTILITY  
 
Background:  
Worldwide rise in the incidence of male factor infertility has been noticed with probable implications of 

various etiologies. Environmental factors such as obesity, radiation, cell phone, pesticides and others 

have been blamed for such rise. Furthermore, semen quality has been observed to deteriorate in the 

recent years mandating real efforts to explore the etiologies and find solutions. Surprisingly, no approved 

grading system is available for male factor infertility and suggesting such system may help organize the 

outlines of work up plan and therapy.  
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Significance:  
Highlight the dangers of rising male factor infertility all over the world and particularly in the severe male 

factor grade. 

 
Outline of the planned article: 

• Introduction 

• Statistical signals of world wide rising of male infertility problem 

• Environmental factors role in male factor infertility 

o Obesity  

o Cell phone 

o Xenoestrogens  

o Ageing  

• Grading of male factor infertility  

 
Literature review: Not provided. 
 
Intended audience: This article will be of interest to Urologist, Obstetrician and ART specialist. 
 
Journal: None suggested. 
 
Suggested literature sources: Pubmed, Science direct 
 
 

8. MANAGEMENT OF AZOOSPERMIA  
 
Background: 
10-15% of infertile men have azoospermia which is divided into two large categories based on the 

presence of obstruction: Obstructive azoospermia and non-obstructive azoospermia. Obstructive 

azoospermia may be due to reversible or irreversible causes. Irreversible obstructive and non-obstructive 

azoospermia constitute severe male factor infertility.     
 
Significance:  
This topic will discuss specific category of men with severe male factor infertility. 

 

Outline of the planned article: 

• Introduction 

• Diagnosis of azoospermia  

• Obstructive azoospermia  

• Nonobstructive azoospermia  

• Work up plan for azoospermic men 
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• Treatment and Prognosis  

 
Literature review: Not provided. 
 
Intended audience: clinical and lab andrologists. 
 
Journal: Not provided. 
 
Suggested literature sources: Pubmed and Science direct. 
 
 

9. MANAGEMENT OF SEVERE OLIGOZOOSPERMIA 
 

Background: 
Various definitions have been given for severe oligozoospermia. We will assume the level less than 5 

millions/ml as our parameter for definition of severe oligozoospermia. Such category is further divided into 

very severe and extremely severe oligozoospermia. Recent studied identified specific natural history for 

such condition that requires undertaking further steps to preserve fertility status of the affected men.   

 
Significance: 
Examine men with severe oligozoospermia for severe male factor infertility.  

 
Outline of the planned article: 

• Introduction and definition  

• Natural history of severe oligozoospermia 

• Work up plan  

• Sperm preservation  

• Treatment and prognosis  

 
Literature review: Not done. 
 
Intended audience: This article will be of interest to Urologist and ART specialist. 
 
Journal: Not done. 
 
Suggested literature sources: Pubmed and Science direct. 
 
 

10. ROLE OF OXIDATIVE STRESS IN VARICOCELE AND MALE INFERTILITY 
 
Background:  
Varicocele is dilatation, elongation and tortuousity of testicular veins and is present in 35% of infertile 

men. Such condition may contribute to the problem of infertility through various mechanisms such as 

increased scrotal temperature, increased sperm DNA damage and oxidative stress.  
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Significance:  
Examining the importance of oxidative stress in the pathogenesis of varicocele related male infertility.  
 
Outline of the planned article:  

• Introduction 

• Varicocele  

o Etiology and pathogenesis   

• Oxidative stress in varicocele 

• Sources of ROS production in varicocele patients 

• Antioxidants alterations in varicocele 

• Normalization of oxidative stress after varicocele repair 

• Antioxidant therapy in varicocele patients 

 
Literature review: Not given 
 
Intended audience: This article will be of interest to Urologist and Andrologists. 
 
Journal: Not given 
 
Suggested literature sources: Pubmed and Science direct. 
 
 

11. SPERM BANKING AND REGULATIONS 
 
Background:  
Certain medical diseases such as chronic debilitating illnesses and certain cancers requiring surgical 

removal of the testes or use of aggressive chemotherapy, have harmful effects on future male fertility 

potentials. The two most common cancers in men in reproductive age which are Hodgkin’s lymphoma 

and testicular cancer can essentially impair testicular function even before the use of any sort of therapy. 

Such impairment may be accentuated by surgical and medical interventions used to cure such cancers.  

 
Significance: 
There is a lot of misunderstanding surrounding the sperm cryopreservation practice. This manuscript will 

hopefully explain the essential concepts, indications, regulations and utilization of sperm in assisted 

conception.  

 
Outline of the planned article:  

• Introduction 

• Testicular function in response to systemic diseases and medications 

• Indications for sperm banking  

• Sperm banking  
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o Concepts 

o Semen collection  

o Testicular tissue extract  

o Freezing process 

o Sperm activity and reaction to freezing 

o In vitro modifications of sperm banking   

• Frozen sperm in assisted conception practice 

• Conclusions 

 
Literature review: Yes 
 
Intended audience: This article will be of interest to Andrologists, IVF specialist, sperm banking 

specialists and embryologists. 

 
Journal or Book: Chapter in a book: Evaluation and Diagnosis of Male Infertility, Editor: Anil Dubey. 
 
Suggested literature sources: Pubmed and Science direct. 
 
 

12. EVALUATION AND TREATMENT OF MEN WITH UNEXPLAINED MALE INFERTILITY 
 
Background: 
Unexplained male infertility denotes 10-30% of infertile men seeking medical assistance for their fertility 

problem. Their semen analyses are quite normal with no significant contribution of history, physical 

examination and female factor evaluation.  The evaluation may be different from infertile men with 

abnormal semen parameters in many clinical and lab aspects. Besides conducting investigations, the 

work up may include proper patient education regarding the female fertile window and timing of 

successful intercourse resulting in pregnancy.  

 

Given the good prognosis of such infertile men regarding their future fertility potential, therapy may 

include in addition to active intervention, expectant management. However, the decision to choose the 

suitable mode of therapy is dependent upon duration of infertility and female partner age. Treatment 

strategies should be meticulously structured and evidence-based to achieve pregnancy with the least 

possible cost and complications.  

 

Significance: 
Very few articles focus on proper management of men with normal semen analysis. 

 
Outline of the planned article: 

•  Introduction 

• Evaluation of men with unexplained infertility. 
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• Postcoital test  

• Antisperm antibody determination 

• Cellular immunity assessment 

• Oxidative stress asessment 

• Genetic investigations 

• Treatment outlines of men with unexplained infertility 

• Watchful waiting 

• Active management  

• Treatment of immune infertility 

• Treatment of oxidative stress  

• Strategies to minimize DNA damage 

• Assisted conception  

• Prognosis  

 
Literature review: Extensive literature review will be required. 
 
Intended audience: This article will be of interest to clinical andrologists and ART specialists. 
 
Journal: Not provided 
 
Suggested literature sources: Pubmed, Science direct 
 
 

13. UNRAVELING THE CAUSES OF UNEXPLAINED MALE INFERTILITY 
 

Introduction/Background: 
Controversial issues are surrounding the predictive value of semen analyses in anticipation of the man’s 

fertility potentials. It has been estimated that 10-30% of men have normal semen analyses, however, they 

are infertile. The unique concept of sperm function is now mastering the clinical and laboratory 

understanding and assessment of male fertilizing potentials.Equally important is the recent contribution of 

sperm physiology and molecular biology for meticulous comprehension of sperm maturation, storage and 

sperm egg interaction.       

 
Significance: 
Highlighting the potential causes of unexplained male infertility may aid in suggesting proper work up plan 

and therapeutic lines later. 

 
Outline of the planned article: 
A. Introduction 

• Potential etiologies 

• Coital factors 
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• Sexual factors 

• Sperm dysfunction 

• Immune causes  

• Conclusions 

 
Literature review: Preliminary literature searches have been done. An exhaustive literature review needs 

to be done before the article is written. 

 
Intended audience: The article would be of interest to researchers working in reproductive biology, 

assisted reproduction, infertility, immunology, cell and molecular biology. 

 
Journal:  
 
Suggested literature sources: Pubmed, Science direct 
 
 

14. GENETICS AND MALE INFERTILITY 
 
Background: 

Sperm chromatin is uniquely arranged in a process called chromatin remodeling. Such process is 

essentially of protective nature for the sperm genetic material during the long transit pathway in male and 

female reproductive tract. Gentypically normal men may have sperm with abnormal chromosomal 

complement or with severe DNA damage that weakens the potential for fertilization irrespective of normal 

semen testing. Moreover, undiscovered gene mutation and polymorphism can also contribute to 

unexplained male infertility and may not only involve nuclear chromosome but also mitochondrial DNA.       

 
Significance: It is a new and unique field of unexplained male infertility in terms of looking at DNA 

sequence and arrangement.   

 
Outline of the planned article: Review 

A. Introduction 

B. Basic genetic concepts of nuclear and mitochondrial DNA, chromatin and chromosome  

C. Sperm chromatin  

D. Classification of genetic disorders affecting male fertility 

E. Genetic fertility disorders in men with abnormal genotype 

• Pretesticular genetic disorders  

• Testicular genetic disorders  

• Y chromosome microdeletion 

• Post testicular genetic disorders 

• Genetic fertility disorders in men with normal or overtly normal genotype 

F. Indications of genetic investigations in infertile men 
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G. Genetic diagnostic tests  

H. Role of Genomics in male infertility. 

 
Literature review: Genetic is enormously growing field in Andrology and a lot of articles are published 

monthly examining various genetic aspects in male infertility. 

 
Intended audience: Clinicians/ Genetic specialists 
 
Journal: Journal of Reproduction and Infertility. 
 
Suggested literature sources: Pubmed, Science direct 
 
 

15. CELL PHONE AND MALE REPRODUCTIVE FUNCTION 
 
Introduction/Background: 
Cell phone technology has been shown to have harmful effects on body organs. Elevation of blood 

pressure, breach of blood brain barrier, association with brain tumors and psychological effects have 

questioned the impact on male reproductive function.  A lot of in vivo animal and in vitro human studies 

have been conducted with contradictory results. Cell phone electromagnetic waves are falling within the 

low frequency range and thereby have insufficient energy intensity to break chemical bonds. However, 

such waves can create currents in biological system that may alter the electrolyte level, membrane 

integrity, reduction oxidation status and even DNA integrity.  

 
Significance: 
Given the contradictory results of various studies examining the relation between cell phone handling and 

male infertility, the proposed reading material will hopefully analyze the results of these studies and 

conceptualize a basis for proper research design on the impact of cell phone on male reproduction.   

 
Outline of the planned article: 
A. Introduction 

• Cell phone electromagnetic waves properties 

• Biological interactions with cell phone electromagnetic waves. 

• Effects on Cell organelles  

o Plasma membrane  

o Nucleus 

o Mitochondria 

• Studies on impact of cell phone EMW on testicular function 

• Studies on impact of cell phone EMW on male accessory sex glands function. 

• Studies on impact of cell phone EMW on pituitary function. 

• Biological variability of effects of cell phone on humans. 
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• Proper design of a research protocol. 

• Conclusions 

 
Literature review: Preliminary literature searches have been done. An exhaustive literature review needs 

to be done before the article is written. 

 
Intended audience: The article would be of interest to researchers working in reproductive biology, 

immunology, cell and molecular biology. 

 
Journal:  
 
Suggested literature sources: Pubmed, Science direct 
 
 

16. WHAT SHOULD A GYNECOLOGIST KNOW ABOUT MALE INFERTILITY? 
 

Introduction/Background: 
The gynecologist rather than the urologist is the one who often orders the first semen analysis. There are 

new WHO edition manual with revised criteria of normality for semen parameters that every gynecologist 

should know. In addition, there are tests for men other than semen testing can be ordered by the 

gynecologist during the initial work up such as Y chromosome microdeletion and DNA fragmentation test. 

Surprisingly, the gynecologists in general, have poor knowledge about the value of varicocele repair 

surgery in infertile men and most consider it of limited value. Lastly, the gynecologist may not aware of 

the new advances in Andrology and that azoospermic men are no longer considered sterile.      

 

Significance: 
Specifically, this manuscript will focus on the newly revised WHO criteria of semen parameters and the 

additional diagnostic tests that can be ordered by the gynecologists as well as value of varicocele repair 

for infertile men. It will also include information about new guidelines to manage azoospermic men. 

 
Outline of the planned article: 

• Introduction 

• Role of gynecologist in treatment of infertility 

• Male diagnostic tests ordered by the gynecologist 

• Semen analysis 

• Specialized diagnostic tests 

• Varicocele is the most common correctable abnormality in infertile men 

• Counseling azoospermic men in gynecological clinic  

• Guidance and referral of infertile men 
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Literature review: Preliminary literature searches have been done. An exhaustive literature review needs 

to be done before the article is written. 

 
Intended audience: The article would be of interest to gynecologists and urologists. 
 
Journal:  
 
Suggested literature sources: Pubmed, Science direct 
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17. ENVIRONMENTAL POLLUTANTS AND ENDOMETRIOSIS 
 
Background: 
Endometriosis, described by pathologists as the presence of endometrial glands and stroma outside the 

uterus, is a common, benign gynecological disorder affecting millions of women and girls worldwide. The 

disease is reported to affect 5-10% of reproductive age women in the U.S.; however, definitive diagnosis 

requires surgical visualization and thus the actual incidence of the disease is likely higher. Whereas the 

precise etiology of endometriosis is not known, the invasive implantation and ectopic growth of menstrual 

tissues outside the uterus following retrograde menstruation remains the most widely accepted causal 

theory for the disease. However, since surgeons frequently note retrograde menstrual tissue within the 

peritoneum of women without endometriosis, the development of clinically significant disease likely 

involves a more complex etiology than the simple mechanical transfer of endometrial tissue. Given the 

recognized ability of dioxin-like PCBs to disrupt endometrial physiology in both animals and humans, it is 

somewhat surprising that these toxicants were only associated with the potential development of 

endometriosis in a study not originally designed to investigate this disease. More specifically, Rier and 

colleagues reported the development of severe endometriosis within a small primate colony in Wisconsin 

that had been previously exposed to TCDD as part of a dietary study related to fertility 

 
Significance&controversy: 
Regarding PCBs and endometriosis, current epidemiological information from several population-based 

studies fails to uniformly demonstrate a significant relationship between the body burden of a number of 

dioxin-like PCBs and the presence of endometriosis. Although some studies do suggest an association 

with certain PCBs and endometriosis other studies have failed to find a clear association The reasons for 

such discrepancy among epidemiology studies abound, including different control populations, different 

methods for assessment of PCBs, different congeners of PCBs assessed, as well as the use of different 

approaches for statistical analyses.     

 
Outline of the planned article: None provided 
 
Literature review: to be conducted by the Library resource at Cleveland Clinic 
 
Intended audience: Gynecologists, RE’s, Primary care physicians 
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Journal:  to be decided 

 
 

18. ROLE OF PROGESTINS IN THE TREATMENT OF ENDOMETRIOSIS 
 
Introduction/Background: 
Progestins: Progesterone is a key hormone in regulating the female reproductive system, interacting at 

the level of the hypothalamus, ovary, uterus, and breast. Progesterone exerts effects on ovulation, 

endometrial differentiation, cervical mucus, breast differentiation, and uterine contractility.  Progestins are 

available for oral, injectable, implantable, and intrauterine delivery. 

Endometriosis: Endometriosis, the presence of endometrial cells outside the uterus, is a common 

disorder of reproductive-age women.Afflicting 7–20% of women, its harmful sequelae include infertility 

and chronic pelvic pain.Among patients with chronic pelvic pain, 70–90% have endometriosis.8 Therapy 

for endometriosis consists of surgical ablation of implants and medical treatments, including nonsteroidal 

anti-inflammatory drugs, progestins such as depot medroxyprogesterone acetate, continuous oral 

contraceptives, gonadotropinreleasing hormone analogs (GnRHa) to induce a pseudomenopause, and 

androgen derivatives.  

 
Significance & controversy: 
To date, the details of the mechanism of action and the morphological changes induced by progestins are 

only partly understood, although progestins have been used for the therapy of endometriosis worldwide 

for around 40 years.  Further studies are necessary to clarify the duration of treatment, the type of 

progestin, the dosage, the use of intermittent medication and the combination with other drugs. Because 

a chronic disease needs long-term or intermittent repeated medication, and because progestins are 

relatively well tolerated, have only limited metabolic side-effects at low doses and are inexpensive, there 

will be a renaissance of these drugs in the treatment of endometriosis-related symptoms. 
 
Outline of the planned article: To be created with the students 
 
Literature review: To be conducted by the Library resource at Cleveland Clinic 
 
Intended audience: Gynecologists, RE’s, primary care physicians 
 
 

19. OXIDATIVE STRESS IN FEMALE INFERTILITY; LATEST UPDATE 
 
Introduction/Background: 
Oxidative stress is related to a number of human pathophysiologic conditions, such as cardiovascular 

disease, cancer, diabetes, neurodegenerative diseases, and aging. A link between oxidative stress and 

male infertility has received substantial scientific support. Human spermatozoa are redox active cells 

capable of generating reactive oxygen species (ROS), which are important in sperm capacitation  

 



  Synopsis of Writing Project 

 18

However, excess ROS can lead to pathologic damage to spermatozoa and subsequently can disrupt their 

capacity for fertilization. The involvement of free radicals in female infertility is less well-known. It has 

been suggested that oxidative stress might play a role in endometriosis development and endometriosis- 

associated infertility. Oxidative stress is associated with decreased female fertility in animal and in-vitro 

models, but no studies to date have directly assessed the relationship in women. Exposures associated 

with oxidative stress and with evidence to influence the timing and maintenance of a viable pregnancy 

include pregnancy complications (e.g. preeclampsia), extremes of body weight, alcohol, tobacco, and 

caffeine intake. Intake of antioxidant nutrients, including use of multivitamins, impacts the generation of 

reactive oxygen species and may play a beneficial role in female fertility. 

 
Significance and Controversy 
In women, several animal and in-vitro studies suggest that oxidative stress may affect female fertility but 

the relationship has not been directly addressed in women trying to conceive. The purpose of this review 

is to summarize the recent literature linking female oxidative stress, including the influence of dietary 

antioxidants on the timing and maintenance of a viable pregnancy. 

 
Outline of the planned article: To be created with the students 
 
Literature review: Use Library resources at Cleveland Clinic 
 
Intended audience: Gynecologists, RE’s, Primary care physicians 
 
Journal: to be decided 
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20. SPERM DNA FRAGMENTATION ANALYSIS USING THE TUNEL ASSAY 
 
Introduction/Background: 
Routine semen analysis is unable to assess alterations in sperm chromatin organization such as DNA 

damage. Because fertility is not only based on the absolute number of spermatozoa but also on their 

functional capability, methods for exploring sperm DNA stability and integrity are being used to evaluate 

fertility disorders. A large number of direct and indirect tests that measure sperm DNA damage have been 

developed. The terminal deoxytransferase mediated deoxyuridine triphosphate (dUTP) nick end-labeling 

or TUNEL assay—is increasingly being used in many laboratories. However, reference values, assay 

quality control, validation of assay in clinical outcomes are still unclear.  

 
Significance: 
Highlight the clinical utility of TUNEL test; identify reference values established by utilizing flow-cytometry 

vs. fluorescence microscopy. 
 
Outline of the planned article: 

1. Summary 

2. Introduction 

3. Mechanisms of sperm DNA damage 

4. Methods for measuring sperm DNA damage 

5. Measuring Sperm DNA damage with TUNEL 

6. Factors affecting TUNEL assay results  

7. Reference Ranges of sperm damage 

8. Clinical data on sperm DNA damage and pregnancy 

9. Controversy 

10. Future of TUNEL assay 

11. Conclusion 

12. References 

13. Figures/ Tables 
 
Literature review: Yes 

Intended audience:  Andrologists, Andrology diagnostic labs, Male infertility specialists 
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Journal: Methods in Molecular Biology. 
 
Suggested literature sources:  
 
1. Sharma RK, Sabanegh E, Mahfouz R, Gupta S, Thiyagarajan A, Agarwal A. TUNEL as a test for 

sperm DNA damage in the evaluation of male infertility.Urology. 2010 Dec;76(6):1380-6.  

2. Henkel R, Hoogendijk CF, Bouic PJ, Kruger TF. TUNEL assay and SCSA determine different aspects 

of sperm DNA damage.Andrologia. 2010 Oct;42(5):305-13.  

3. Aitken RJ, De Iuliis GN, Finnie JM, Hedges A, McLachlan RI. Analysis of the relationships between 

oxidative stress, DNA damage and sperm vitality in a patient population: development of diagnostic 

criteria.Hum Reprod. 2010 Oct;25(10):2415-26. 

4. Mitchell LA, De Iuliis GN, Aitken RJ. The TUNEL assay consistently underestimates DNA damage in 

human spermatozoa and is influenced by DNA compaction and cell vitality: development of an 

improved methodology. Int J Androl. 2011 Feb;34(1):2-13. 

 

21. PATERNAL AGE AND MALE INFERTILTY 
 
Introduction/Background: 
Paternal ageing has been shown to affect sperm quality. Functional quality of sperm declines with age. 

Alterations in spermatogenesis, hormonal changes, increased sperm defects, DNA fragmentation have 

been reported. Large proportion of spermatozoa with DNA damage can be responsible of infertility. 

Strong clinical evidence suggests that sperm DNA damage is detrimental to reproductive outcomes. 

Increase in structural chromosomal abnormalities, autosomal dominant mutations have also been 

reported. 

 
Significance: Aging affects sperm quality and increases abnormalities in the progeny. 
 
Outline of the planned article: 

1. Introduction 

2. What is male biological clock? 

3. Decline in sex hormones. 

4. Decline in fertility 

5. Components of male biological clock 

6. Spermatogenesis 

7. Overview of spermatogenesis 

8. Male infertility 

9. Causes of male infertility 

 



  Synopsis of Writing Project 

 21

 

10. Ageing as a factor of male infertility 

11. Andropause: fact or myth 

12. Effects of age on sperm 

13. Genetic syndrome with advanced age 

14. Future stratergies/ directions 

15. Conclusions 

16. Bibliography 

 
Literature review: Yes 

 
Intended audience: Andrologists, Male infertility specialists 

 
Journal: N/A 

 
Suggested literature sources:  
 
1. Kidd SA, Eskenazi B, Wyrobek AJ. Effects of male age on semen quality and fertility: a review of the 

literature. Fertil Steril. 2001;75:237-248. 

2. Plas E, Berger P, Hermann M, et al. Effects of aging on male fertility?Exp Gerontol. 2000; 35:543-551. 

3. Baird DT, Collins J, Egozcue J, et al. Fertility and ageing. Hum Reprod Update. 2005; 11:261-276. 

4. Jara M, Carballada R, Esponda P. Age-induced apoptosis in the male genital tract of the mouse. 

Reproduction. 2004;127:359-366. 

5. Beckman KB, Ames BN. The free radical theory of aging matures. Physiol Rev. 1998; 78:547-581. 

6. James AM, Murphy MP. How mitochondrial damage affects cell function. J Biomed Sci. 2002; 9:475-487 

 
 

22. SPINDLE AND CHROMOSOMAL ALTERATIONS IN METAPHASE II OOCYTES 
 

Introduction/ Background: 
The cytoskeleton is comprised of the microtubule and microfilaments, and has various functions such as 

providing the cell its shape, determining polarity, facilitating movement, and cell membrane organization 

among others. The meiotic spindles are crucial for the events following fertilization such as completion of 

meiosis, second polar body formation, migration of the pronuclei, and formation of the first mitotic spindle. 

The cytoskeleton can be vulnerable to damage due to many factors including cryopreservation and 

oxidative stress (OS). Oxidative stress can effect oocyte fertilization, embryo development and pregnancy 

outcomes. It is also implicated in alterations in the cytoskeletal structure and chromosomal alignment. Other 

factors that can affect spindle structure are oocyte freezing whether by slow freezing or vitrification. 

Ongoing research is aimed at identifying the mechanisms that are involved in the etiology of poor oocyte 

quality during in-vitro as a result of cryofreezing and OS and to create strategies that can counteract this 

damage. This review examines factors that can affect spindle structure and oocyte quality. 
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Significance: Effect of freezing and vitrification on embryo quality and pregnancy not clear. 

Outline of the planned article: The article is already written, needs some revision and editing. 

Literature review: Yes. 
 
Intended audience: Gynecologists, embryologists reproductive endocrinologists 

Journal:  Review article (TBD) 

 
Suggested literature sources:  

1. Waters JC, Salmon E: Pathways of spindle assembly. CurrOpin Cell Biol1997, 9(1):37-43. 

2. Battaglia DE, Goodwin P, Klein NA, Soules MR: Influence of maternal age on meiotic spindle 

assembly in oocytes from naturally cycling women. Hum Reprod 1996, 11(10):2217-2222. 

3. Bellomo G, Mirabelli F: Oxidative stress and cytoskeletal alterations. Ann N Y Acad Sci 1992, 663:97-

109. 

4. Wang WH, Keefe DL: Prediction of chromosome misalignment among in vitro matured human 

oocytes by spindle imaging with the PolScope. Fertil Steril 2002, 78(5):1077-1081. 

5. Moon JH, Jee BC, Ku SY, Suh CS, Kim SH, Choi YM, Kim JG, Moon SY: Spindle positions and their 

distributions in in vivo and in vitro matured mouse oocytes. Hum Reprod 2005, 20(8):2207-2210. 

6. Gao S, Li Y, Gao X, Hu J, Yang H, Chen ZJ: Spindle and chromosome changes of human MII 

oocytes during incubation after slow freezing/fast thawing procedures. Reprod Sci 2009, 16(4):391-

396. 

7. Chen SU, Lien YR, Chen HF, Chao KH, Ho HN, Yang YS: Open pulled straws for vitrification of 

mature mouse oocytes preserve patterns of meiotic spindles and chromosomes better than 

conventional straws. Hum Reprod 2000, 15(12):2598-2603. 

8. Morato R, Izquierdo D, Paramio MT, Mogas T: Cryotops versus open-pulled straws (OPS) as carriers 

for the cryopreservation of bovine oocytes: effects on spindle and chromosome configuration and 

embryo development. Cryobiology 2008, 57(2):137-141. 

9. Rienzi L, Martinez F, Ubaldi F, Minasi MG, Iacobelli M, Tesarik J, Greco E: Polscope analysis of 

meiotic spindle changes in living metaphase II human oocytes during the freezing and thawing 

procedures. Hum Reprod 2004, 19(3):655-659. 

10. Pickering SJ, Johnson MH: The influence of cooling on the organization of the meiotic spindle of the 

mouse oocyte. Hum Reprod 1987, 2(3):207-216. 
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11. Agarwal A, Saleh RA, Bedaiwy MA: Role of reactive oxygen species in the pathophysiology of human 

reproduction. Fertil Steril 2003, 79(4):829-843. 

12. Agarwal A, Allamaneni SS: Role of free radicals in female reproductive diseases and assisted 

reproduction. Reprod Biomed Online 2004, 9(3):338-347. 

13. Sharma RK, Said T, Agarwal A: Sperm DNA damage and its clinical relevance in assessing 

reproductive outcome. Asian J Androl2004, 6(2):139-148. 

14. Choi WJ, Banerjee J, Falcone T, Bena J, Agarwal A, Sharma RK: Oxidative stress and tumor 

necrosis factor-alpha-induced alterations in metaphase II mouse oocyte spindle structure. Fertil Steril 

2007, 88(4 Suppl):1220-1231. 

 
 

23. ROLE OF NITRIC OXIDE IN MALE INFERTILITY 
 
Introduction/Background: 
Sperm quality plays a crucial role in reproduction and several recent studies have documented loss of 

sperm chromatin integrity or DNA damage due to oxidative stress as a major cause of infertility and failure 

in assisted reproductive techniques (ART). Recent reports suggest that nitric oxide synthase (NOS) is 

present in human spermatozoa and nitric oxide (NO) produced is important to maintain the adequate 

motility of human spermatozoa.  

 
Significance:  
Endogenous nitricoxide (NO) is an important functional mediator in several physiological systems, 

including the reproductivesystem. However, when generated in excessive amounts for longperiods, 

mainly during immunological reactions, NO is cytotoxic. In recent years nitric oxide (NO) has been 

recognized as a molecule that plays an important role in regulating the biology and physiology of the 

reproductive system, and can affect human sperm functions, such as motility, viability and metabolism. At 

low concentrations it can have a positive effect on cells, but a negative effect at high concentrations. L-

arginine is the substrate of nitric oxide (NO) synthase. NO levels in the infertile men were, on average, 

twice as high as in the fertile men. We will identify: 1) significance of NO in spermatogenesis 2) Identify 

the mechanism of NO production in infections 3) Role in male infertility and 4) Role of NO in germ-cell 

apoptosisduring aging.     

 
Outline of the planned article: 

• Summary 

• Introduction 

• Reactive nitrogen species 
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• Oxidative stress 

• NO production 

• Mechanism of NO production 

• Nitric oxide synthase 

• Role of NO in sperm motility 

• Measurement of NO 

• Compounds that improve sperm motility 

• Future directions 

• Conclusions 

• References 

• Figure/ Tables  

 
Literature review: Yes. 
 
Intended audience: Infertility specialist, andrologists, embryologists 
 
Journal: Open 
 
Suggested literature sources:  
 
1. Ratnasooriya W D. Asian Journal of Andrology, 2001,3: 97-103. 

2. Ozbeket al. Eur Urol 2000;37:172-175 

3. Sinha-Hikin et al. The Journals of Gerontology Series A: Biological Sciences and Medical Sciences 

60:702-708 (2005) 

4. Zini et al. 1995;J Androl 16:424-431. 

5. Lee and Cheng. Biology Reprod 2004; 70: 267-276. 

6. Roessner et al. Andrologia 2010 42:132-137. 

7. Ramya T, Misro MM, Sinha D, Nandan D, Mithal S. Fertil Steril. 2011 Jan;95(1):135-40. 

8. Safarinejad MR, Shafiei N, Safarinejad S. Mol Reprod Dev. 2010 Aug;77(8):720. 

9. Buldreghini E, Mahfouz RZ, Vignini A, Mazzanti L, Ricciardo-Lamonica G, Lenzi A, Agarwal A, 

Balercia G. J Androl. 2010 Sep-Oct;31(5):482-8.  
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24. ENDOMETRIOSIS AND INFERTILITY:  DOES STAGE I MATTER? 

  
 
Introduction/Background:  
It is unclear what are the impacts of Stage I endometriosis on fertility female system. Some authors make 

a distinction between 2 different entities: endometriosis disease and the physiologic endometriosis or “no 

disease endometriosis.  In addition laparoscopic surgery for minimal/mild endometriosis has been 

reported to increase the pregnancy rates. The purpose of the present study is review and report an 

association exists between minimal endometriosis and infertility.  

 
Significance:  
Great controversy exists about the association between minimal endometriosis and symptoms, especially 

as regards infertility. It is unclear what are the impacts of Stage I endometriosis on fertility female system. 

 
Outline of the planned article: 

1. Introduction 

2. Review endometriosis and infertility women   

2.1-Review Classification ASRM 1997  

3. Description how Stage I can impact fertility  

4. Laparoscopy and infertility in patients with stage I   

5. Discussion 

 

Literature review: None done. 
 
Intended audience: Gynecologists; Specialist in Reproductive Medicine   
 
Book Chapter: Advances in Endometriosis  
 
Suggested literature sources: Pubmed, Science direct 
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1. Matorras R, Corcóstegui B, Esteban J, Ramón O, Prieto B, Expósito A, Pijoan JI. Fertility in women 

with minimal endometriosis compared with normal women was assessed by means of a donor 

insemination program in unstimulated cycles. Am J Obstet Gynecol. 2010 Oct; 203(4):345.e1-6.  

2. Koninckx PR. Is mild endometriosis a condition occurring intermittently in all women? Hum Reprod 

1994;9:2202-5. 

3. Marcoux S, Maheux R, Bérubé M, the Canadian Collaborative Group on Endometriosis. Laparoscopic 

surgery in infertile women with minimal or mild endometriosis. N Engl J Med 1997;337:217-22. 

4. Toma SK, Stovall DW, Hammond MG. The effect of laparoscopic ablation or danocrine on pregnancy 

rates in patients with stage I or II endometriosis undergoing donor insemination. Obstet Gynecol 1992; 

80:253-6. 

 
 

25. OVARIAN ENDOMETRIOMA: WHAT DOES A GOOD SURGERY MEAN?  
 
Introduction/Background: 
Laparoscopic surgery is the approach of choice in women with large endometrioma, especially bigger 

them 4 cm, and has gained increasing acceptance among gynecological surgeons. Of particular concern 

are the amount of ovarian tissue that may be removed inadvertently during cystectomy and the damage 

that may be inflicted on the ovarian stroma by electrosurgical coagulation during homeostasis. 

 
Significance:  
Laparoscopic ovarian cystectomy for endometriotic cysts may reduce follicular response in patients 

undergoing IVF. 

 
Outline of the planned article: 

• Introduction  

o Endometrioma: Possible Origin 

o Explanations 

• Laparoscopy techniques 

• Ovarian Reserve after surgery  

• Table  

• Conclusion  

 
Literature review: None done. 
 
Intended audience:  Gynecologists; specialist in reproductive medicine 
 
Journal:  Gynecological Surgery 
 
Suggested literature sources:  
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1. Vercellini P, Chapron C, De Giorgi O, ConsonniD,Frontino G, Crosignani PG. Coagulation or excisionof 

ovarian endometriomas? Am J ObstetGynecol 2003;188:606–10. 

2. Tsoumpou I, Kyrgiou M, Gelbaya TA, Nardo LG. The effect of surgical treatment  forendometrioma on 

in vitro fertilization outcomes: a systematic review and meta-analysis. Fertil Steril. 2009 Jul;92(1):75-87. 

3. Donnez J, Wyns C, Nisolle M. Does ovarian surgery for endometriomas impair the ovarian response to 

gonadotropin? Fertil Steril 2001;76:662–5. 

4. Benaglia L, Somigliana E, Vighi V, Ragni G, Vercellini P, Fedele L. Rate of severe ovarian damage 

following surgery for endometriomas. Hum Reprod 2010;25:678–682. 

5. Iwase A, Hirokawa W, Goto M, Takikawa S, Nagatomo Y, Nakahara T,Manabe S, Kikkawa F. Serum 

anti-Müllerian hormone level is a useful marker for evaluating the impact of laparoscopic cystectomy on 

ovarian reserve. Fertil Steril. 2010 Dec;94(7):2846-9. Epub 2010 Jul 14. 

 
 

26. SEVEN WAYS TO PRESERVE FEMALE FERTILITY IN PATIENTS WITH ENDOMETRIOSIS 
 
Introduction/Background: 
Endometriosis affects approximately 10% of reproductive-age women and almost 40% are infertility. 

Approximately one third of women with endometriosis have ovarian endometrioma (1, 2). There has been 

a general consensus that a cystectomy should be considered the treatment of choice for endometriomas. 

However, the safety of this technique has been questioned with respect to the damage to the ovary that is 

occasionally caused by surgery. Its presence has been shown to be deleterious to the ovarian response 

to gonadotropin stimulation. 

 

Significance: 
High prevalence of endometriosis and infertility 

 
Outline of the planned article: 
Ways to preserve fertility in patients with endometriosis:  

• Choose the best endometrioma/endometriosis surgery techniques 

• Avoid ovarian unnecessary surgery  

• Measure ovary reserve before Surgery: AMH AFC 

• Emergency IVF before surgery  

• Using GnRH in patients with endometriosis 

• Cryopreservation techniques in patients with endometriosis 

• Egg Donation in patients with endometriosis  
 

 
Literature review: None done 
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Intended audience: Specialist in Reproductive Medicine 
 
Journal:  The Journal of Reproductive Medicine 
 
Suggested literature sources:  
 
1. Vercellini P, Chapron C, De Giorgi O, Consonni D,Frontino G, Crosignani PG. Coagulation or 

excisionof ovarian endometriomas? Am J ObstetGynecol 2003;188:606–10. 

2. Jenkins S, Olive DL, Haney AF. Endometriosis: pathogenetic implications of the anatomic distribution. 

ObstetGynecol 1986;67:335–8. 

3. Donnez J, Wyns C, Nisolle M. Does ovarian surgery for endometriomas impair the ovarian response to 

gonadotropin? Fertil Steril 2001;76:662–5. 

4. Benaglia L, Somigliana E, Vighi V, Ragni G, Vercellini P, Fedele L. Rate of severe ovarian damage 

following surgery for endometriomas. Hum Reprod 2010;25:678–682. 

5. Iwase A, Hirokawa W, Goto M, Takikawa S, Nagatomo Y, Nakahara T,Manabe S, Kikkawa F. Serum 

anti-Müllerian hormone level is a useful marker for evaluating the impact of laparoscopic cystectomy on 

ovarian reserve. Fertil Steril. 2010 Dec;94(7):2846-9. Epub 2010 Jul 14. 

 
 
 

 
 



  Synopsis of Writing Project 

 29

 
PLESSIS, Stefan S. Du, Ph.D.  

Faculty of Health Sciences 
Stellenbosch University 
Francie van Zijl Drive 

Tygerberg, 7505South Africa 
Tel: 27 21 938 9388 

E-mail: ssdp@sun.ac.za 
 
 
 

27. DIET: MALNUTRITION AND NUTRIENT DEFICIENCIES’ EFFECT ON MALE FERTILITY 

 
Introduction/Background: 
Malnutrition that leads to deficiencies in certain vitamins, such as vitamin C, folate (folic acid), selenium, 

and zinc can contribute to male infertility. In addition, when malnutrition leads to being severely 

underweight, men may have issues with low sperm counts and diminished sperm quality and motility (the 

ability to effectively move through the women's reproductive system and implant into an egg.). 

Deficiencies in certain nutrients, such as vitamin C, selenium, zinc, and folate, may be particular risk 

factors for low sperm count and male infertility. 

 

Nutritional deficient diets lacking antioxidant vitamins and synergistic minerals do not enable the 

quenching of reactive oxygen molecules. For example Vitamin C and Vitamin E are essential antioxidants 

that protect the body's cells from damage from OS and free radicals. Vitamin C is the most abundant 

antioxidant in the semen of fertile men, and it contributes to the maintenance of healthy sperm by 

protecting the sperm's DNA from free radical damage (Song, Norkus, & Lewis, 2006).  

 

Vitamin E is a fat-soluble vitamin that helps protect the sperm's cell membrane from damage. Studies 

have shown that Vitamin E improves sperm motility and morphology. Vitamin C functions to regenerate 

Vitamin E, thus these vitamins may work together to improve sperm function(Eskenazi et al., 2005; Fraga 

et al., 1991; Song et al., 2006; Therond, Auger, Legrand, & Jouannet, 1996). Selenium on the other hand 

is a mineral that also functions as an antioxidant. Selenium supplements have been shown to increase 

sperm motility, and a combination of selenium and Vitamin E has been shown to decrease damage from 

free radicals and improve sperm motility in infertile men (Hawkes & Turek, 2001). 

 
Significance: 
The best way to prevent infertility caused by being malnourished and underweight is to maintain a healthy 

weight and normal amounts of fat stores through a healthy diet that includes sufficient calories and 

nutrients and exercise that is not excessive. It is recommended that malnourished and underweight men  
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who want to father children ensure they are eating a healthy diet with sufficient vitamin intake and gain 

weight before attempting a pregnancy. 

 

Outline of the planned article: 

•  Introduction 

• Defining malnutrition and underweight and the effects on fertility 

• Specific nutrients that affect male fertility 

• Conclusion 

 
Literature review: Preliminary literature searches have been done. An exhaustive literature review needs 

to be done before the article is written. 

 
Intended audience: The article would be of interest to researchers working in reproductive biology, 

infertility, cell and molecular biology. 

 
Journal or Book: Chapter in a book: Lifestyle and Environmental Factors Influencing Male Fertility 

(Eds. Du Plessis & Agarwal). 

 
Suggested literature sources: Pubmed, Science direct 

 
 

28. OBESITY AND ITS ROLE IN MALE INFERTILITY 
 

Introduction/Background: 
An important lifestyle-dependent factor that adversely affects spermatogenesis is obesity. As 10–30% of 

adult men in Western countries are now obese, it is likely that this will have an increasing impact on male 

fertility (Hammoud et al. 2006, 2008; Nielsen et al. 2007). Several studies have shown up to a threefold 

higher incidence of obesity in infertile men than in those with normal semen quality (Magnusdottir et al. 

2005; Hammoud et al. 2008); a BMI of more than 25 is associated with an average 25 per cent reduction 

in sperm count and sperm motility (Jensen et al. 2004a,b; Kort et al. 2006). A variety of explanations have 

been put forward to explain this association. The strongest evidence is that the alterations in sperm 

production are secondary to altered hormone changes. Obesity in men is associated with reduced blood 

testosterone levels, this reduction being proportional to the degree of obesity (e.g. Tchernof et al. 1995; 

Gould et al. 2007; Nielsen et al. 2007). In addition, there may be an increase in circulating oestradiol 

levels, leading to an altered testosterone: oestradiol ratio (Hammoud et al. 2006, 2008). As such patients 

often show reduced blood levels of LH (and FSH), when an increase might be expected in the face of 

reduced testosterone levels, one interpretation is that there is decreased intratesticular testosterone  
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levels and thus reduced androgen drive to spermatogenesis. The best evidence supporting this 

interpretation is that suppression of oestradiol levels in obese men using aromatase inhibitors normalizes 

the testosterone : oestradiol ratio and improves semen quality (Raman & Schlegel 2002), and there are 

similar results for oligozoospermic dogs (Kawakami et al. 2004). However, there may also be 

intratesticular effects that are unrelated to altered gonadotrophin levels because the reduction in inhibin B 

levels in obese men is disproportionately larger than the change in FSH levels, suggesting there may be 

direct effects of the increased obesity on Sertoli function (Jensen et al. 2004a,b; Winters et al. 2006; 

Hammoud et al. 2008). Alternatively, it could indicate reduced Sertoli cell number in obese (young) men 

(Winters et al. 2006). The latter is a far more serious possibility as reduced Sertoli cell number would 

permanently lower sperm counts as discussed earlier; it is unclear how, or when, obesity would lead to a 

reduction in Sertoli cell number.  

 

Another explanation for reduced spermatogenesis in obese men could be deposition of fat around the 

scrotal blood vessels, leading to impaired blood cooling and elevated testicular temperature (Shafik & 

Olfat 1981); the more sedentary life of obese men would probably exacerbate any temperature increase. 

Another potential argument to explain reduced sperm counts in obese men is that they accumulate 

increased amounts of toxicants in their adipose tissue because many of the persistent ECs are lipophilic 

(Pelletier et al. 2002; Hammoud et al. 2008), although present evidence does not support this idea 

(Magnusdottir et al. 2005).  

 
Significance: 
Considering the high prevalence of obesity among young men today and the equally high prevalence of 

low sperm counts, it is possible that the obesity epidemic may be having an impact on spermatogenesis 

among young men, and it may also render such individuals more susceptible to damaging effects by 

other lifestyle or environmental exposures. For certain, obesity looks set to play an important role in 

determining the hormonal and fertility profile of Western men over the coming decades (Jensen et al. 

2004a,b; Nielsen et al. 2007).  

 

Outline of the planned article: 

• Introduction 

• What is obesity 

• How Does Obesity Affect Male Fertility? 

• What are the Pathophysiological Mechanisms? 

o Genetic Factors 

o Hormonal Mechanisms and Adipokines 

o Physical Mechanisms  
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• Are there Solutions? 

o Lifestyle changes 

o Pharmacological interventions  

o Surgical Options  

• Conclusion 

 
Literature review: Preliminary literature searches have been done. An exhaustive literature review needs 

to be done before the article is written. 

 
Intended audience: The article would be of interest to researchers working in reproductive biology, 

infertility, cell and molecular biology. 

 
Journal or Book: Chapter in a book: Lifestyle and Environmental Factors Influencing Male Fertility 

(Eds. Du Plessis & Agarwal). 

 
Suggested literature sources:  

1. Du Plessis SS,Cabler S, Sabanegh S, McAlister DA, Agarwal A. 2010 Obesity linked sperm disorders 

and male infertility. Nature Reviews Urology Mar;7(3):153-61. 

2. Stephanie Cabler, Ashok Agarwal, Margot Flint, Stefan S. Du Plessis. 2010 Obesity: Modern Man’s 

Fertility Nemesis. Asian Journal of Andrology. Jul; 12(4):480-9. 

 
 

29. CELL PHONE, MICROWAVE AND LAPTOP IMPACTS ON MALE FERTILITY 
 

Introduction/Background: 
Stopczyk demonstrated that microwaves produced by mobiles significantly depleted SOD-1 activity while 

a significant increase in the concentration of malonyldialdehyde (MDA) after 1, 5, and 7 min of exposure 

was observed in a suspension of human blood platelets (Stopczyk et al., 2005). On the grounds of these 

results the authors conclude that OS after exposure to microwaves may be the reason for many adverse 

changes in cells and may cause a number of systemic disturbances in the human body. Many animal 

studies also demonstrated that cell phone radiation can increase levels ofMDA and decrease the levels of 

antioxidant enzymes, while other studies consistently reported that cell phone radiation leads to a 

decrease in male fertility. Epidemiological studies also without fail found positive correlations with 

decreases in sperm parameters (Agarwal et al, 2008). Recently, Friedman showed that radiofrequency 

electromagnetic waves (RF-EMW) stimulate plasma membrane NADH oxidase in mammalian cells and 

cause production of ROS (Friedman et al, 2007). A recent study provided evidence that cell phone 

radiation can lead to generation of ROS(Agarwal, Desai et al., 2008). Results showed a significant 

increase in ROS production in exposed samples and a decrease in sperm motility, viability, and ROS- 
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TAC score in exposed samples (Agarwal, Desai et al., 2008). A plausible explanation for the ROS 

production is that it is due to stimulation of the spermatozoa’s plasma membrane redox system (increase  

in the activity of spermatozoal NADH oxidase) by RF-EMW or the effect of EMW on leukocytes present in 

the neat semen This may be attributed to an after RF-EMW exposure. Electromagnetic wave–dependent 

decrease in melatonin, an antioxidant, can also predispose sperm to oxidative stress (Burch et al, 1998). 

 
Significance: 
Although many animal, as well as in vitro studies have provided evidence that cell phone radiation may 

lead to decrease in sperm parameters due to OS, considerable research is still required to confirm this 

evidence. 

 

Outline of the planned article: 

• Introduction 

• Radio Frequency electromagnetic waves and there effects on tissue 

• Effect of RF-EMW on male fertility 

• Conclusion 

 

Literature review: Preliminary literature searches have been done. An exhaustive literature review needs 

to be done before the article is written. 

 
Intended audience: The article would be of interest to researchers working in reproductive biology, 

infertility, cell and molecular biology. 

 
Journal or Book: Chapter in a book: Lifestyle and Environmental Factors Influencing Male Fertility 

(Eds. Du Plessis & Agarwal). 

 
Suggested literature sources 

1. Stopczyk D, Gnitecki W, Buczyński A, Kowalski W, Buczyńska M, Kroc A.[Effect of electromagnetic 

field produced by mobile phones on the activity of superoxide dismutase (SOD-1)--in vitro 

researches]. Ann Acad Med Stetin. 2005;51Suppl 1:125-8. 

2. Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J. Effect of cell phone usage on semen analysis in 

men attending infertility clinic: an observational study. Fertil Steril. 2008 Jan;89(1):124-8. 

3. Friedman J, Kraus S, Hauptman Y, Schiff Y, Seger R.Mechanism of short-term ERK activation by 

electromagnetic fields at mobile phone frequencies. Biochem J. 2007 Aug 1;405(3):559-68. 
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4. Agarwal A, Desai NR, Ruffoli R, Carpi A. Lifestyle and testicular dysfunction: a brief update. Biomed 

Pharmacother. 2008 Oct;62(8):550-3. 

5. Burch JB, Reif JS, Yost MG, Keefe TJ, Pitrat CA. Nocturnal excretion of a urinary melatonin 

metabolite among electric utility workers. Scand J Work Environ Health. 1998 Jun;24(3):183-9. 

 

30. HEAT STRESS MALE INFERTILITY DUE TO OCCUPATION, SEDENTARY LIFESTYLE AND 
CLOTHING 
 
Introduction/Background: 
Scientists warn that welders taxi drivers and office workers are at risk of decreased male fertility due to 

heat stress. Heat can raise the temperature of the testicles which can cause a decline in sperm levels. 

It is well known that the testicles should be cooler than the rest of the body for optimal spermatogenesis. 

Just as the harmful effects of a varicocele on sperm production is believed to result from the excessive 

warming of the testicular area (caused by dilated veins), similarly various recreational (e.g. cycling, hot 

tubs or prolonged baths) and occupational (e.g. long distance driving, furnace operators) activities can 

lead to increasing testicular temperature.Welders may be risking infertility because of the high 

temperatures associated with their work. 

Taxi drivers and long-haul lorry drivers are thought to be at risk from sitting in the same position for long 

periods of time. This can raise the temperature of the testicles, causing sperm levels to drop. A study of 

200 Italian taxi drivers in 2001 found they had much lower sperm counts than normal levels. Office 

workers who spend hours sitting in front of a computer are also at risk from an increase in testicular 

temperature. Scientists say you should take a break every 20 to 30 minutes to get away from your desk 

and help regulate the temperature of the testicles. 

 
Significance: 
It is generally assumed that these raised temperatures lead to amplified rates of oxidative DNA damage 

and hence more mutations in the resulting spermatozoa. Furthermore, obesity and the accompanying 

accumulation of adipose tissue within the groin region also results in raising testicular temperature. This 

has been linked to the development of OS in the testis and reduced sperm quality. 

 

Outline of the planned article: 

• Introduction 

• Evidence that occupation and lifestyle factors, that lead to heat stress, does influence male 

fertility 

• Mechanisms through which heat stress affect fertility 

• Conclusion 
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Literature review: Preliminary literature searches have been done. An exhaustive literature review needs 

to be done before the article is written. 

 
Intended audience: The article would be of interest to researchers working in reproductive biology, 

infertility, cell and molecular biology. 

 
Journal or Book: Chapter in a book: Lifestyle and Environmental Factors Influencing Male Fertility 

(Eds. Du Plessis & Agarwal). 

 
Suggested literature sources:  
 

1. Banks, King, Irvine, & Saunders, 2005 

2. Perez-Crespo, Pintado, & Gutierrez-Adan, 2008 

3. Ishii et al., 2005 

4. Ivell, 2007 

 
 

31. SMOKING’S EFFECT ON MALE INFERTILITY 
 

Introduction/Background: 
Tobacco smoke contains nearly 4000 harmful substances (e.g. alkaloids, nitrosamines, nicotine, 

hydroxycotine etc.). Many of these substances generate ROS and RNS (Cross et al., 1987; Traber, van 

der Vliet, Reznick, & Cross, 2000). It is well established that smoking has detrimental effects on the male 

reproductive system as it has been significantly correlated with lower sperm count, motility and 

morphology (Saleh, Agarwal, Sharma, Nelson, & Thomas, 2002).  

 

Saleh demonstrated that cigarette smoking leads to an increase in ROS levels and decreases in ROS-

TAC scores. It was furthermore reported that smokers have high levels of leukocytospermia and 

suggested that OS develops due to ROS generation by activated leukocytes(Saleh, Agarwal, Sharma et 

al., 2002). It was also reported that smokers have decreased levels of seminal plasma antioxidants such 

as Vitamin C and Vitamin E. 

 

Various compounds of cigarette smoke (i.e. polycyclic aromatic hydrocarbons) and smoking metabolites 

may act as chemotactic stimuli and thereby induce an inflammatory response, leading to the recruitment 

of leukocytes with subsequent generation of ROS (Richthoff, Elzanaty, Rylander, Hagmar, & Giwercman, 

2008). Sperm motility correlates negatively with the amount of cotinine and hydroxycotinine in seminal 

plasma(de Lamirande & Gagnon, 1992). A recent study showed that motility is one of the first sperm 

parameters affected and asthenozoospermia may be an early indicator of reduced semen quality in light  
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smokers. The incidence of teratozoospermia was also significantly higher in heavy smokers when 

compared to non-smokers(Gaur, Talekar, & Pathak, 2007). 

A study of three smokers who were followed for 5-15 months after stopping smoking reported that their 

sperm counts rose 50-800%, suggesting that toxic chemicals in the smoke are responsible and any 

reduction in sperm count is reversible. 

 

Significance: 
Smoker’s sperm counts are on average 13%-17% lower than nonsmokers. This is most likely due to 

higher levels of OS induced by smoking. Semen of smokers shows a 100-fold increase in OS and up to 

5x higher cadmium levels (Saleh, Agarwal, Sharma et al., 2002). 

 
Outline of the planned article: 

• Introduction 

• Prevalence of smoking and content of cigarette smoke 

• Effect of smoking on male infertility 

• Possible mechanisms through which smoking affects male reproduction 

• Conclusion 

 
Literature review: Preliminary literature searches have been done. An exhaustive literature review needs 

to be done before the article is written. 

 
Intended audience: The article would be of interest to researchers working in reproductive biology, 

infertility, cell and molecular biology. 

 
Journal or Book: Chapter in a book: Lifestyle and Environmental Factors Influencing Male Fertility 

(Eds. Du Plessis & Agarwal). 

 
Suggested literature sources:  

1. Traber MG, van der Vliet A, Reznick AZ, Cross CE. Tobacco-related diseases. Is there a role for 

antioxidant micronutrient supplementation? Clin Chest Med. 2000 21(1):173-87. 

2. Saleh RA, Agarwal A, Sharma RK, Nelson DR, Thomas AJ Jr. Effect of cigarette smoking on levels of 

seminal oxidative stress in infertile men: a prospective study. Fertil Steril. 2002 Sep;78(3):491-9. 
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3. Richthoff J, Elzanaty S, Rylander L, Hagmar L, Giwercman A. Association between tobacco exposure 

and reproductive parameters in adolescent males. Int J Androl. 2008 Feb;31(1):31-9. 

4. de Lamirande E, Gagnon C. Reactive oxygen species and human spermatozoa. II. Depletion of 

adenosine triphosphate plays an important role in the inhibition of sperm motility. J Androl. 1992 Sep-

Oct;13(5):379-86. 

5. Gaur DS, Talekar M, Pathak VP.Effect of cigarette smoking on semen quality of infertile 

men.Singapore Med J. 2007 Feb;48(2):119-23. 
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32. NOVEL STRATEGIES AND BIOLOGICAL FOUNDATIONS FOR SELECTING HUMAN GAMETES AND 

EMBRYOS IN ASSISTED CONCEPTION TECHNOLOGIES: A MINI-REVIEW 
 
Introduction/Background: 
Assisted reproductive techniques (ART) created a new milestone in the history of mankind and served as 

a major breakthrough in fertility treatment, resulting in the birth to date of an estimated 3 million children 

across the world. Since its inception in 1978, there has been a remarkable increase in the numbers of IVF 

cycles worldwide. Approximately 1 in 50 births in Sweden, 1 in 60 births in Australia, and 1 in 80 to 100 

births in the United States now result from IVF.  The emphasis has been on improving every aspect of 

ART: oocyte recovery, fertilization rates; embryo culture techniques; a better understanding of embryo-

uterine interactions which are all aimed at improving take-home baby rates. ART techniques also have 

undergone changes from some less-successful techniques such as gamete intrafallopian transfer (GIFT) 

and zygote intrafallopian transfer (ZIFT) and round spermatid injection (ROSNI) to those that are now 

routine, such as intracytoplasmic sperm injection (ICSI), which revolutionized the treatment of male 

infertility. However, in spite of several notable improvements to these ART procedures, the occurrence of 

multiple pregnancies and the related premature low birth weight babies is still considered a major 

problem. To comply with regulations, mandates and guidelines and to meet patient and social demands 

to limit the impact of multiple pregnancies it is imperative that reliable methods are devised that allow for 

selection of the embryo with maximum implantation potential.  

 
Significance: 
To meet patient and social demands, to limit the impact of multiple pregnancies, it is imperative that 

reliable methods are devised allowing for selection of the embryo with maximum implantation potential. 

This review article will present a comprehensive collection of recent research about the reliable prediction 

of embryo viability based upon molecular biology techniques or noninvasive selection criteria.   

 
Outline of the planned article: 

• Abstract 

• Approaches for selecting the right conceptus for embryo transfer 
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• Factors involved in embryo selection 

O Perifollicular vascularity 

O Follicular fluid – the “biological window”  

O Growth factors and cytokines in follicular fluid milieu  

And oocyte competence 

O Polscope based spindle and zona birefringence. 

O Respiration rate 

O Metabolic markers 

• Genomics, proteomics and metabolomics 

• Investigating the genome 

• Investigating the secretome 

• Investigating the metabolom 

• Sperm separation and manipulations - selecting the male gametes for art 

O Annexin v-conjugated microbeads (ANMB) - magnetic-activated  

• Cell sorting (macs) 

O Microfluidic based sperm processing 

O Electrophoretic sperm processing 

• Sperm selection for ICSI 

O Intracytoplasmic morphologically selected sperm injection (IMSI)  

O Hyaluronic acid (ha) bound sperm selection 

O Sperm birefringence by polscope 

• Avenues of improving sperm quality and selecting best gamete for assisted conception 

• Conclusion 

 
Literature review: Preliminary literature searches have been done. A literature review from 2007-2011 

should be done before the article is written. 

 
Intended audience: The article would be of interest to practitioners (Clinicians, Embryologists), 

researchers working in reproductive biology, assisted reproduction, and infertility. 

 
Journal: Human Reproduction Update/ RBM Online 
 
Suggested literature sources: Pubmed, Science direct 
 
Comments: The article is 75% done. This needs to be updated with new references and addition of latest 
findings 

 
 

33. AGEING OOCYTE- A MOLECULAR INSIGHT INTO THE ARCHITECTURE AND PHYSIOLOGY 
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Background: 
As women age, the quality of their oocytes declines, causing the eggs they make to have a higher chance 

of producing a miscarriage or a child with birth defects.Oocytes from aging ovaries contain mitochondria 

with morphologicaland genetic flaws. How these flaws relate to phenotypes of oocytedevelopmental 

compromise associated with clinical infertilityis not well understood.  

 
Significance:  
A detailed literature is essential as most of the women seeking ART are of higher age group. 
 
Outline of the planned article:  

• Introduction 

• Ovarian reserve in high age groups 

• Oocyte quality in normal and high age groups 

• Molecular mechanism of oocyte ageing- oxidative stress 

• Role of Life style and Environmental toxins on oocyte ageing 

• How to check ageing process  

• Embryo quality and health of future generation from aged oocytes (epigenetics) 

 
Literature review: Extensive literature review will be needed  
 
Intended audience: Both clinical and research scientists. 
 
Journal: Fertility and Sterility –Modern Trends 
 
Suggested literature sources: Pubmed, Science direct 
 
 

34. SPINDLE AND CYTOSKELETAL ORGANIZATION AND DYNAMICS DURING FREEZING-THAWING 
OF VARIOUS STAGES OF OOCYTES AND EMBRYOS 
 
Background: 

No other procedures during the progress of assisted reproductive technology must have undergone such 

trial and error experimentation like that of cryopreservation protocols for gametes, embryos and ovarian 

tissues. It has been well documented that oocytes suffer from reversible and irreversible damage during 

cryopreservation. This includes hardening of the zona pellucida, premature release of cortical granules, 

depolymerization of the microtubules and misalignment of the chromosomes. Immunofluorescent studies 

on fixed cells and very recently Polscope based live imaging of spindle apparatus indicate that spindle 

from both animal and human oocyte are susceptible to freeze-thaw process. 

 
Significance:  
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A review is required in this topic as cryopreservation is getting in to the mainstream of ART. Any changes 

in spindle/cytoskeleton can cause aneuploidy in resulting embryos. 

 
Outline of the planned article: Review 

• Introduction 

• Cytoskeletal organization in  

• Oocytes 

• Zygote 

• Embryo 

• Blastocysts 

• Cryopreservation induced damages 

• Modification sin freeze-thaw protocols to reduce such damages 

 
Literature review: Extensive literature search is required. 
 
Intended audience: Clinicians/ embryologists/ cryobiologists 
 
Journal: N/A 
 
Suggested literature sources: Pubmed, Science direct 
 

 
 


