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PROJECT 1: IN VITRO PROTECTIVE EFFECTS OF ASCORBATE ON HEAT INDUCED GENERATION OF 

REACTIVE OXYGEN SPECIES ON SPERM FUNCTIONS 

 

Rationale  

Many people have exposure to higher occupational temperatures and are at risk of increased 

ROS production generated as a result of heat stress. To address the oxidative stress, anitioxidant  

therapy (multi vitamins) is recommended and ascorbate (L-Ascorbic Acid) is commonly included in this 

therapy. However, controversial results on the effects of ascorbate in reducing the oxidative stress and 

improvement of the sperm functions have been documented with scarce data on In Vitro studies. The 

existing reports lack a consensus whether the supplementation of ascorbate in vitro/in vivo improves 

sperm functions. This study will provide the first hand information about the in vitro effects of ascorbate 

against heat induced ROS production on classic (sperm motility, viability) as well as functional (sperm 

DNA damage) sperm parameters. 

 

Background 

Recently, oxidative stress has become the focus of interest as a potential cause of male 

infertility. Normally, equilibrium exists between reactive oxygen species (ROS) production and 

antioxidant scavenging activities in the male reproductive organs. Stress situations can increase 

production of oxygen free radicals. Free radicals generate a cascade leading to lipid peroxidation. Lipid 

peroxidation is one of the main events induced by oxidative stress.  

Among several others factors responsible for ROS generation, heat stress has been widely 

studied. Heat stress increases mitochondrial superoxide anion (O2
−) levels. O2

− is the first by-product of 

the one-electron reduction of oxygen. This reaction occurs at specific sites of the electron transport 

chain (ETC) which is an important source of O2
− during hyperthermia. Heat stress was also shown to 

mailto:ahmadg@ccf.org
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decrease superoxide dismutase 1 (SOD-1) mRNA levels, cytoplasmic SOD protein and enzyme activity, 

leading to the increase of ROS generation. Enhanced ROS production in mitochondria during heat stress 

leads to non-specific modification of lipids, proteins and nucleic acids, resulting in bioenergetic 

dysfunction. Mitochondrial membrane constituents are particularly susceptible to oxidative damage by 

ROS. The major phospholipid components of the mitochondrial membranes are rich in unsaturated fatty 

acids that are potentially susceptible to oxygen radical attack, because of the presence of double bonds, 

which undergo peroxidation through a chain of oxidative reactions. Malondialdehyde (MDA) is the 

principal product of polyunsaturated fatty acid (PUFA) peroxidation. Exposure to heat stress results in 

higher mitochondrial and plasma membrane MDA levels. Lipoperoxidation of mitochondrial membrane 

is another source of free radicals production, due to their self-propagating nature. 

Reactive oxygen species have a seriously deleterious effect on sperm DNA. During the process of 

fertilization, factors in the oocyte cytoplasm should theoretically repair any decays in the integrity of 

sperm DNA. In the absence of repair, such DNA lesions have profound effects on cell viability and have 

the potential of oncogenic transformation: transmission of altered DNA is associated with an increase in 

childhood cancer. It has therefore been tempting to try to reduce or avoid the generation of DNA 

fragmentation related to free radical exposure. Numerous controversial studies have evaluated the 

efficacy of antioxidants in the treatment of male infertility. The majority agree that these treatments 

result in only partial success. A very recent In Vivo study have reported the beneficial effects of 

ascorbate (most commonly prescribed antioxidant) on sperm DNA fragmentation Index (DFI) but at the 

same time report its side effects by opening the interchain disulphide linkages in protamines, especially 

P2, leading to sperm DNA compaction.  

 

In this context the present in vitro study is an attempt to elucidate the protective effects of ascorbate on 

human sperm quality.  A total of 20 semmen samples from 20 fertile donors will be testes in this study 

with following specific aims: 

 

Specific Aims 

The study will examine the following three specific aims: 

Specific Aim 1: 

Ascorbate lowers the heat induced lipid peroxidation in spermatozoa, when incubated at higher 

temperatures. 
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Specific Aim 2: 

Ascorbate protects the early decline in classic sperm parameters such as motility and viability against 

heat-induced lipid peroxidation. 

Specific Aim 3: 

Ascorbate maintains the sperm DNA integrity against heat induced lipid peroxidation. 

 

Aims Hypothesis Methodology Expected outcome 

1 Ascorbate has 
protective effects 
on classic sperm 
parameters against 
heat stress 
induced ROS 

Classic sperm parameters (motility and 
viability) will be assessed after three 
incubations temperatures 

Ascorbate protects the 
early decline in the quality 
of classic sperm 
parameters 

2 Ascorbate reduces 
the heat induced 
ROS production 

ORP (Luoxis redox system) and Lipid 
peroxidation (4HNE) levels will be 
measured in spermatozoa incubated with 
0.4 mM and 0.6 mM concentration of 
ascorbic acid at three temperatures (34.5, 
37 and 39C) after 2 and 4 hours incubation 
 
Acrosine activity will be analyzed after 2 
and 4 hours of incubation 

We expect low ORP and 
LPO levels in as well as 
intact acrosome in samples 
supplemented with 
ascorbic acid 

3 Ascorbate has 
protective effects 
on functional 
sperm parameters 
against heat stress 
induced lipid 
peroxidation 

Sperm DNA damage will be analyzed 
through TUNEL in spermatozoa incubated 
with ascorbate to analyze its protective 
effects against DNA damage by heat 
induced lipid peroxidation 

 

Ascorbic acid has 
protective effects on 
sperm DNA integrity 
against heat induced lipid 
peroxidation 

 

Significance of the Study 

Many people, exposed to higher temperatures at their occupations,  suffer from an increased 

risk of oxidative stress. The results of this study will provide the first hand information on the in vitro 

effects of this antioxidant on classic as well as functional sperm parameters exposed to a range of 

temperatures.  

 

Experimental Design and Methodology 

Sample Collection and preparation  
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Pre-incubation analysis: A total of 25, fresh donor semen samples will be used in the study. After 

liquefaction of semen at 37 0C for 20-30 minutes, pre-incubation semen analysis will be performed and 

sperm count, motility and viability will be analyzed. Only the semen samples with count > 70 million with 

motility > 50% will be included.  

Sperm motility and count will be analyzed by CASA as well as manual method. For vitality, 

Nigrosine/Eosin staining will be used and morphology will be analyzed be DiffQuick method. 

Incubation: After initial analysis, 3 aliquots with sperm concentration 8-10 million/aliquots will be prepared 

for each temperature (34.5, 37 and 39Cº). Two concentrations, 400 and 600 µM of ascorbic acid will be 

added into 2 aliquots containing the spermatozoa. One aliquot will serve as negative control (only semen). 

In one aliquot, 10 µM H2O2 will be added which will serve as positive control. 

Post Incubation Analysis: After 3 hours incubation, classic semen parameters (motility, viability), lipid 

peroxidation as well DNA damage will be analyzed as explained in pre-incubation analysis. 

 

Lipid peroxidation measurement:  Lipid peroxidation is a well-defined mechanism of cellular damage. Lipid 

peroxides are unstable indicators of oxidative stress in cells that decompose to form more complex and 

reactive compounds such as Malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE), natural biproducts of 

lipid peroxidation. Oxidative modification of lipids can be induced in vitro by a wide array of pro-oxidant 

agents and occurs in vivo during aging and in certain disease conditions. Measuring the end products of 

lipid peroxidation is one of the most widely accepted assays for oxidative damage. These aldehydic 

secondary products of lipid peroxidation are generally accepted markers of oxidative stress. Both MDA and 

HNE have been shown to be capable of binding to proteins and forming stable adducts. MDA or HNE can 

cause both structural and functional changes of oxidized proteins. Specifically, 4-HNE can react with lysine, 

histidine or cysteine residues in protein to form adducts. 

Cell Biolabs’ OxiSelect™ HNE Adduct Competitive ELISA Kit is an enzyme immunoassay developed 

for rapid detection and quantitation of HNE protein adducts. The quantity of HNE adduct in protein samples 

is determined by comparing its absorbance with that of a known HNE-BSA standard curve. Firstly, an HNE 

conjugate is coated on an ELISA plate. The unknown HNE protein samples or HNEBSA standards are then 

added to the HNE conjugate preabsorbed ELISA plate. After a brief incubation, an anti-HNE polyclonal 

antibody is added, followed by an HRP conjugated secondary antibody. The content of HNE protein adducts 

in unknown samples is determined by comparison with a predetermined HNE-BSA standard curve. 
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Snap shot of the study 
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Intern Distribution for Experimental Work 

 

 INTERNS 

1 2 3 4 5 6 

Volume/pH x      

Concentration/Motility x      

Viability: E/N  x x    

Morphology    x   

ORP     x x 

Acrosine    x   

Lipid peroxidation     x  

TUNEL      x 

DATA CAPTURING x x x x x x 
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Statistical Analysis  

Summaries of the categorical variables will be reported as percent frequency, and quantitative 

variables will be represented as mean ± standard deviation and median (25th and 75th percentiles).  

Repeated measure models will be used to assess the associations of ascorbate concentration (including 

control) and incubation temperature with respect to each of viability, motility, lipid peroxidation, and DNA 

damage outcomes. We anticipate the use of log transformations to achieve approximate normality of the 

distributions of outcomes prior to performing the analyses. At individual time points for pairwise 

comparisons of concentrations, the analyses will also be performed with paired T-tests.  With 2 

concentrations being compared to control, each paired T-test will be performed at a significance level of 

0.05/9 = 0.0056, per Bonferroni correction for three pairwise comparisons at each of three temperatures to 

yield an overall significance level of 0.05 for each outcome.  If normality is doubtful for either the original 

observations or their log-transformed values, Wilcoxon signed rank tests will be used for the paired 

comparisons, respectively. 

For the paired comparisons of each compound to controls, power is calculated with respect to 

identification of a relative 50% change in mean levels between the groups being compared. For paired T-

test comparisons based on 19 samples, the power is at least 80% for parameters whose log ratios have a 

coefficient of variation of no more than 33%. A sample size of 23 gives 90% power of the study therefore, 

25 donor will be recruited for this study. 

 

Project Time Line 

Week 1: Training of the interns in andrology techniques. 

Week 2-3: Sample collection and experimental work will be completed in 4 weeks. Three donors will be 

scheduled each week for sample collection. Collection of semen samples and experimental work will start 

at same time. Sperm motility, viability and acrosome reaction will be analyzed immediately after each 

incubation period.  Aliquots for functional parameters (DNA) will be fixed and analyzed at later stage.  

Week 4-5: Analysis of the data and writing will be accomplished  
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Flow Diagrams 
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A. Equipment/Instruments 

1. Centrifuge  

2. Vortex 

3. CO2 Incubator  

4. Microscope  

5. Slide boxes 

6. Multichannel pipettes 

7. Plate reader 

B. Reagents /Chemicals/ Instruments 

1. Phosphate buffer saline (PBS)  

2. TUNEL kit 

3. 4-HNE kit 

4. ORP instrument 

5. 96-well plates 

C. Disposables 

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

2. Tips (1-10µL, 10-100µL, 100-1000 µL) 

3. Plastic tubes (5 mL and 15 mL centrifuge tubes) 

4. MicroCell slides 

5. Transfer pipettes 

6. Gloves 

7. Glass tubes 
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Budget   

Item Quantity Cost/unit 
($) 

Total Cost 
($) 

Laboratory reagents   138.40 

Phosphate Buffer  500 mL:without calcium 
and magnesium, ph 7.4   

1x 500 mL 
31.00ea 31.00 

L-Ascorbic Acid (A4403) 2 x 100mg 53.70ea 107.40 

Kits   1,010.00 

OxiSelect HNE Adduct  1 575.00 575.00 

DNA kit  1  435.00 435.00 

Miscellaneous laboratory supplies   1,000 

Pipette tips, serological pipettes     

Transfer pipettes    

96 well plates    

Tubes 12 X 75 mm    

Eppendorff microfuge tubes     

Falcon tubes (15ml graduated)    

MicroCell slides    

Frosted slides, plain slides, cover slips    

Cryo Tubes    

    

Donor payment     25x $40/donor  1,000.00 

Biostatistician charges $80/h  X   15h   1,200.00 

    

  Total  4348.4 
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IRB Approval Letter 
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PROJECT 2: REACTIVE OXYGEN SPECIES-INDUCED POST TRANSLATIONAL MODIFICATIONS IN 

SPERMATOZOA PROTEINS AND ITS EFFECT ON SPERM FUNCTION 

 

Rationale  

 Proteins are involved in almost all physiological aspects of cellular life, from the catalysis of 

biochemical reactions within the intermediary metabolism to the processing and integration of internal and 

external signals. The dysregulation of protein expression results in an array of pathological states such as 

cancer, neurodegenerative diseases, metabolic imbalances and infertility. Irrespective of the etiology, most 

infertile patients have elevated reactive oxygen species (ROS) in their semen. The electron transport chain 

of mitochondria is regarded as the principal site for generation of ROS. Besides causing peroxidation of 

membrane lipids and DNA strand scissions, ROS also modifies proteins leading to altering their functions.  

 These changes in protein functions including activation or inhibition of transcription factors, signal 

transducers and enzymes are implicated in various pathophysiological states.  

 

Background 

 Male infertility is a multifactorial disorder which is presented clinically as low or absent sperm 

counts, or the presence of mutated or nonfunctional sperm cells due to abnormal spermatogenesis. 

Defective spermatogenesis can be linked to medical conditions such as varicocele, cryptorchidism, 

mailto:agarwaa@ccf.org
mailto:luna_samanta@rediffmail.com
mailto:ahmetayaz@gmail.com
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infections, nutritional deficiencies, or trauma. It can also be caused by exposure to environmental agents, 

drugs (i.e. chemotherapeutic agents), lifestyles (i.e. smoking) or even diseases (i.e. cancer). Interestingly, all 

the above mentioned conditions have oxidative stress as an important component of their 

pathophysiological mechanisms. Oxidative stress, is the result of an excessive production of reactive oxygen 

species (ROS) and/or a decrease in the antioxidant defenses, and may cause serious cell injury and even cell 

death. Oxidative stress in spermatozoa targets all cell components decreasing sperm motility, 

mitochondrial activity and ROS-mediated damage to sperm is a significant contributing factor in 30-80% of 

infertile men. The antioxidant system present in semen of infertile men  is deemed not sufficient to protect 

sperm from ROS-dependent damage such as peroxidation of membrane lipids, DNA fragmentation and 

oxidation, low mitochondrial membrane potential and inactivation of enzymes associated with motility. 

Finally, there are also documented cases of idiopathic infertility, where seminal parameters appear normal, 

and the cause of infertility remains unknown [1-5]. Nowadays, there are few modern diagnostic tools for 

male infertility. The World Health Organization (WHO) has defined standardized parameters for both sperm 

concentration and motility in order to define normozoospermia [6]. Unfortunately, both biological and 

observer variability cause semen analysis to be somewhat inaccurate as a screening for fertility, such that 

men who meet the normal criteria may still be infertile. Since ROS level is recommended as one of the 

advanced parameters to be included in sperm analysis, studying the mechanokinetics involved in ROS 

mediated protein modification will enable us in developing biomarkers for infertility evaluation.  

 The post-translational modification (PTM) of proteins by reactive oxygen and nitrogen species is 

associated with a large number of pathologies and biological aging. There is no question that some of these 

PTMs affect the structural and functional integrity of specific proteins. Most of such oxidants will react with 

several amino acids in proteins yielding  multiple products. However, only a few of these reactions will lead 

to stable products. These products, can then be used as a signature  for the reaction of individual reactive 

species on a protein. Collectively, proteins can be oxidized in about 35 ways. However, three principal type 

of post-translational modification of proteins are induced by ROS, namely, S-glutathionylation (GSS-R), 

nitrotyrosine modifications (Nitro-Y) and carbonylation. Carbonylation, nitration and thionylation of 

proteins are regarded as the most common post-translational modifications leading to dysfunction of 

proteins [7-9]. 

 Nitrotyrosine is formed by the reaction of peroxynitrite or donors of NO• with tyrosine residues. It 

can be produced by the sperm cell by the reaction of superoxide and NO•. The nitrotyrosine protein 

modification can result in alteration of protein function or structure. This protein modification has been 
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found in different pathologies such as diabetes and atherosclerosis. In the scope of male infertility, higher 

amounts of nitrotyrosine were found in patients with impaired motility (athenozoospermia) or spermatic 

duct cord blood in varicocele patients [10-12]. Specifically, this current study will  focus on the effect of 

nitrotyrosine (Nitro-Y) protein modifications on sperm function.  

 Reactive carbonyls are produced by direct protein oxidation (oxidation on Trp, Lys, Arg, Pro, and 

Thr) reaction with low- or high-molecular weight dicarbonyls (modifications of Lys, Arg, and Cys) generated 

during lipid peroxidation, glycoxidation, and oxidative degradation of Amadori products. These carbonyls 

are implicated in diverse diseases and disorders. Probable mechanisms of introducing the carbonyl group to 

proteins involve oxidative modification of specific amino acids (proline, arginine, lysine and threonine) to 

aldehydes or ketones and their eventual cleavage. In addition, peptide backbone can also be cleaved 

oxidatively either by α-amidation pathway or by oxidation of glutamyl, aspartyl and prolyl chain, generating 

α-ketonyl derivative at N-terminal end. Protein carbonylation is irreversible and leads to structural and 

functional alterations in the protein and the carbonylated proteins are generally destined for proteosomal 

breakdown [13]. In this study, we will be focusing on carbonyl modification of proteins as well. 

 

Figure 1: Schematic presentation of 
        formation of Nitro-tyrosine 

 

 

 

 

 

        Figure 2: Schematic presentation of 
formation of protein carbonyls 

 

5-oxoproline 
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Specific Aims 

In this project, we hypothesize that oxidative stress promotes excessive carbonyl and nitro-Y modification 

of proteins which compromise sperm function. We have two aims. 

Aim 1: 

To study the effect of different ROS levels (˙OH and NO˙) on sperm function 

Aims 2: 

To study the effect of different ROS levels (˙OH and NO˙)  in inducing protein Nitro-Y and carbonyl formation 

in the spermatozoa. 

 

Aim Hypothesis Methodology Expected Outcome 

1 

ROS stimulation in 
vitro affects sperm 
function 

Spermatozoa will be incubated with 
hydroxyl radical generating system 
(FeSO4 and ascorbic acid) or nitric 
oxide generating DEANONOate for 30 
min at 370C and analyzed for change 
in motility, viability (eosin-nigrosin 
and hypo-osmotic swelling) and 
acrosin activity. 

ROS exposed spermatozoa will  
decrease in motility, viability, tail 
curling and reduced acrosin 
activity. 

2 

ROS exposed 
spermatozoa will have 
higher levels of 
protein Nitro-Y. 

Protein Nitro-Y will be detected by 
ELISA. 

ROS exposed spermatozoa will 
have more protein Nitro-Y 
modifications. 

3 

ROS exposed 
spermatozoa will have 
higher levels of 
protein carbonyls. 

Protein carbonyls will be detected by 
ELISA. 

ROS exposed spermatozoa will 
have more protein carbonyls 
modifications. 

 

Significance of the Study 

High levels of ROS and altered protein functions are observed in spermatozoa of infertile patients. 

ROS are reported to alter protein functions. This pilot study is designed to gain better understanding of the 

mechanism(s) involved in ROS induced sperm functions by post-translational modification of proteins 

(Nitro-Y and carbonyl protein modifications).  

 

Experimental Design and Methodology 

Inclusion/Exclusion criteria 

Healthy donors (n=23) with normal semen parameters as per WHO criteria will be recruited for the study. 
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Adverse events 

This is an in vitro study, hence no adverse effect is expected. 

Analysis of primary end points 

Percentage motility, viability, sperm membrane and acrocin activity will serve as primary end point. 

Analysis of Secondary end points 

Levels of protein post-translational modifications such as Nitro-tyrosine and carbonyl formation will be 

measured. 

Sample collection and Semen analysis 

All specimens will be collected by masturbation at the Andrology Laboratory after 2-3 days of 

sexual abstinence. Manual semen analysis will be performed using a MicroCell counting chamber (Vitrolife, 

San Diego, CA) to determine sperm concentration and motility after complete liquefaction of the samples 

for 15-30 minutes at 37°C. Further processing will be according to WHO criteria (concentration: > 15 X 106 

sperm/mL, motility: >40%) (WHO, 2010). 

Sample preparation and In vitro induction of oxidative stress 

Semen will be layered onto 65% Percoll/ HEPES-buffered saline (HBS; 130 m M NaCl, 4 m M KCl, 1 

m M CaCl2 , 0.5 m M MgCl 2 , 14 m M fructose and 10 m M HEPES, pH 8.0) and centrifuged at 1,200 g for 30 

min at 25 ° C. The resulting pellet will contain an enriched fraction of spermatozoa almost devoid of other 

round cells. The resulting pallet will be washed in HBS and dissolved in the same buffer so as to have a 

concentration of 100 million spermatozoa per ml. The isolated spermatozoa will be analyzed for percentage 

motility, viability, sperm membrane integrity and acrosin reaction. Spermatozoa will then be exposed to 

oxidative stress via 30 min incubation at 37°C with either hydroxyl radical generating system (250µM FeSO4 

+ 10µM ascorbic acid) or 1,1-diethyl-2-hydroxy-2-nitrosohydrazine (Da-NONOate, 500µM) in HBS. After the 

end of the incubation, aliquots (5 x 106 sperms/ml) of spermatozoa will be analyzed for percentage motility, 

viability, sperm membrane integrity and acrosin reaction. 

Sperm concentration, motility and viability 

An aliquot of the test sample will be placed on a MicroCell chamber and examined under phase 

contrast at X20 magnification for total count and progressive motility. For the test to be valid, control 

sample should show ≥70 % motility. Sperm motility index (SMI) will be calculated by dividing the 

percentage progressive motility of the test by the percentage progressive motility of the control at the 

specified times. SMI values <0.75 will be considered as abnormal and indicative of sperm toxicity. Equal 

volume of eosin-nigrosin stain will be mixed with sperm suspension by swirling for 30 sec and smeared on a 
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glass slide. The air dried slide will mounted with a coverslip and 200 sperms will be counted under 100 x (oil 

imerson) magnification.  

Hypo-osmotic swelling (HOS) test 

One ml of the freshly prepared HOS medium (0.735 g sodium citrate dihydrate and 1.351 g. 

fructose in 100 ml distilled water) will be mixed to 0.1 ml of liquefied semen (or processed sperm 

suspension) then incubated at 37C for 30 min. The spermatozoa will be examined under phase contrast 

microscope where the swelling/curling of sperm tails will be counted in duplicate in a total of 200 

spermatozoa. 

Acrosin activity 

Gelatin-covered slides will be prepared by spreading 20 µl of 5% gelatin in distilled water on the 

slides. Then the slides will be air-dried, stored at 4 °C overnight and fixed in 0.05% glutareldehyde and 

washed 3 times in phosphate buffered saline (PBS). Semen or purified spermatozoa will be diluted 1:10 in 

PBS containing 15.7 mM a-D-glucose. Samples will then be smeared on prepared slides and incubated in a 

moist chamber at 37 °C for 2 h. The halo diameter will be measured in 10 spermatozoa per sample. The 

halo formation rate will be calculated/slide and expressed as the spermatozoa percentage showing a halo. 

One hundred spermatozoa will be evaluated. Acrosin activity index will be calculated by multiplying the 

halo diameter X halo formation rate. 

Sample preparation for post-translational modification assay 

The remaining sample will be precipitated by centrifugation at 14, 000 rpm (10,000 x g) for 30 min 

at 40C. The precipitated sperm pellets will be washed three times in RIPA buffer and will be dissolved in 

radioimmuno-precipitation assay (RIPA) buffer containing protease inhibitor cocktail. All samples will be 

digested overnight. The lysate will be centrifuged at 14, 000 rpm (10,000 x g) for 30 minutes to extract the 

soluble protein content. 

Protein content in the samples (both original and derivatized) will be assessed by bicinchoninic acid 

(BCA) reagent (Thermo, Rockford, IL) using bovine serum albumin (BSA) as standard. 

Detection of Nitro-tyrosine and Carbonyl modification of spermatozoa proteins 

The nitrotyrosine quantitation kit is a competitive ELISA. The unknown protein nitrotyrosine sample 

or nitrated BSA standards will be first added to a nitrated BSA pre-absorbed EIA plate. After a brief 

incubation, an anti-nitrotyrosine antibody will be added, followed by an HRP conjugated secondary 

antibody. The protein nitrotyrosine content in unknown sample will be determined by comparing with a 

standard curve that is prepared from predetermined nitrated BSA standards. 
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Detection of Carbonyl modification of spermatozoa proteins 

BSA standards or protein samples (10 μg/mL) will be adsorbed onto a 96-well plate for 2 hrs at 

37ºC. The protein carbonyls present in the sample or standard will be derivatized to DNP hydrazone and 

probed with an anti-DNP antibody, followed by an HRP conjugated secondary antibody. The protein 

carbonyl content in unknown sample will be determined by comparing with a standard curve that will be 

prepared from predetermined reduced and oxidized BSA standards. 

 

Statistical analysis 

One way Analysis of Variance (ANOVA) followed by Tukey’s honest significant difference (Tukey’s 

HSD) test will be performed to find out the difference between the samples. A difference will be considered 

significant at p<0.05. A Pearson’s correlation analysis will be performed to find out correlation if any 

between level of ROS and protein modifications as well as semen parameters and protein modification (CI 

95%). 

 

Project time line: 6 Interns 

5 Weeks (3 days per week) 

Week 1 

1. Training in different techniques required for the project: 

Assessment of sperm count and motility using micro cell. 

Assessment of sperm viability by eosin-nigrosin test 

HOS test 

Acrocin (gelatiolytic) activity assay 

Density gradient centrifugation 

Protein extraction 

Protein estimation by bicinchoninic assay 

Interns are only allowed to begin work on the project after the validation of their training. 

Week 2 to 4 
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1. Preparation of sperm by density gradient and semen analysis (Intron 1-3) 

2. Exposing the spermatozoa to different ROS and semen analysis (Intern 4-6) 

3. Extraction and estimation of protein for Nitro-Y modification assay (Intern 1-3). 

4. Extraction and estimation of protein for carbonyl modification assay (Intern 4-6). 

5. ELISA for detection of Nitro-Y modification (Intern 1-3). 

6. ELISA for detection of carbonyl modification (Intern 4-6). 

Week 5 

1. Data entry 

2. Statistical Analysis 

3. Power point presentation: High Lights of the study 
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FLOW DIAGRAM 1 
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Intern Distribution of Experimental Work 

 

PARAMETERS 
INTERNS 

1 2 3 4 5 6 

Volume/pH X      

Concentration/Motility X      

Viability: E/N  X X    

HOS  X X    

Morphology    X   

Acrocin activity assay     X  

Isolation spermatozoa 

& Protein Extraction 

     X 

Induction of PTM X      

Estimation of protein  X     

Nitro-Y ELISA   X X   

Protein Carbonyl ELISA     X X 
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     Donors (n=3) 

A. Equipment/Instruments 

1. Centrifuge  

2. Vortex 

3. Dry bath  

4. Microscopes (phase + reticule) x 2 

5. -80°C Freezer 

6. Microplate Reader (BioTek Epoch) 

7. 10 µL to 1000 µL adjustable single channel micropipettes 

8. 50 µL to 300 µL adjustable multichannel micropipette 

9. Electrohoresis system 

10. Semi-dry blotting apparatus 

B. Reagents/Chemicals/Instruments 

6. HEPES buffered saline (HEPES, NaCl, KCl, CaCl2, MgCl2) 

7. Phosphate buffered saline (KH2PO4, K2HPO4, Nacl) 

8. Radioimmuno precipitation assay (RIPA) buffer 

9. Protease inhibitor cocktail 

10. Fructose 

11. Glucose 

12. Gelatin 

13. Gluteraldehyde or paraformaldehyde 

14. Eosin/Nigrosin 

15. DiffQuick 

16. Nitro-Y ELISA Kit  

17. Nitro-Y immunoblot kit 

18. Protein carbonyls ELISA kit 

19. Protein carbonyl immunoblot kit 

20. Bicinchininic acid protein Kit 

21. Diethylamine NONOate sodium salt hydrate 

C. Disposables 

8. Tips (1-10µL, 10-100µL, 100-1000 µL) 
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9. Serological pipettes (2 and 5 mL) 

10. 15 mL conical centrifuge tubes (Falcon tubes) 

11. Eppindorf microtubes (1.5ml) 

12. MicroCell slides 

13. Transfer pipettes 

14. Gloves 

15. 96 well plates 

 

Budget 

Sl# Name of the item Firm (Catalogue#) Quantinty Price ($) 

1 Diethylamine NONOate 
sodium salt hydrate 

Sigma-Aldrich (D184) 25 mg x 2 38.80 x 2 = 77.60 

2 RIPA buffer Sigma-Aldrich (R0278) 50 ml 61.30 

3 Pierce BCA Protein Assay Kit  Thermo Fisher Scientific 
(23227) 

500 ml 112.00 

4 CL-XPosure™ Film, 5 x 7 in. 
(12.5 x 17.5 cm) 

Thermo Scientific (34088) 50 sheets 78.00 

5 Protein carbonyls ELISA kit Cell Biolabs (STA-310) 96 well 575.00 

6 Nitro-Y ELISA Kit  Cell Biolabs (STA-305) 96 well 575.00 

5 Protein carbonyls Immunoblot 
kit 

Cell Biolabs (STA-308) 10 blots 325.00 

6 Nitro-Y immunoblot Kit  Cell Biolabs (STA-303) 10 blots 285.00 

7 Protease inhibitor cocktail 
(EDTA free) 

Roche (5892953001) 20 tablets 335.00 

8 4-15% SDS-PAGE-gel Bio-Rad (456-1083) 10 gels x 3 103.00x3= 309.00 

9 Miscilaneous consumables - - 500.00 

10 Statistitian   1200.00 

11 Donor 10 + 5 (extra in case of 
exigency) 

$40.00 x 15 600.00 
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IRB Approval Letter 
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PROJECT 3: ESTABLISH THE LEVELS OF OXIDATIVE DEGRADATION OF NATURAL AND SYNTHETIC OILS 

USED IN PERSONAL CARE PRODUCTS USING HUMAN SPERM AS A BIOLOGICAL SCREEN 

 

Rationale  

Plant derived and hydrocarbon based oils are commonly used in personal care products (e.g. baby 

oils, baby crèmes, massage oils, vaginal products). These oils can undergo rapid oxidative degradation, 

especially when exposed to light and ambient temperatures. Many oils become rancid or degraded with 

high levels of auto- and photo-oxidation before the “Use By Date”. Oxygen degradation products and 

peroxide values (POV) can be measured in these oils, but assays to establish POV with biological activity 

have not been well described. Oxidative degradation of oils is an issue of concern for scientist in 

pharmaceutical companies and in food and natural product science. This can lead to cell DNA damage and 

overall loss of function. Sperm therefore serve as an ideal biological candidate to establish a novel toxicity 

screen to evaluate a biologically sensitive assay to test oxidative degradation occurring in personal care oils 

during storage.  

The goal of the study is to test the photo-oxidative impact of 4 commonly used personal care oil 

based products on lipid peroxidation of sperm and to correlate changes in sperm motility with 

physiologically meaningful changes in sperm function and quality. This research will establish a foundation 

for the model as a biological toxic screen for oxidative degradation in plant and petroleum based oils 

marketed for personal care. 

Lipid peroxidation is the end product of oxidative stress. Oxidative stress also results in change in 

the oxidation reduction potential. A new instrument has been recently developed that is easy to use and 
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gives a real time measure of oxidative stress expressed as oxidation-reduction potential (ORP). It is called 

the RedoxSYS® Diagnostic System and marketed by Luoxis. 

Oxidative degradation of oils is an issue of concern for scientists in pharmaceutical industry and in 

food and natural product science. All pharmaceutical grade mineral oil samples evaluated in one study had 

undergone elevation in POV due to damaging levels peroxidation after 12 months of storage. Likewise, 

extensive studies of plant oils have found that numerous products had undergone “complete” degradation 

on the shelf, even before the “Best By Date”.   

Sperm with their phospholipid membrane required for fusing with the oocyte are uniquely sensitive 

to sublethal oxidative damage. Autooxidation can lead to DNA damage and overall loss of function. For 

example, both commercial baby oil (mineral oil) and canola oil have been shown to damage sperm during 

30 minute incubation, such that the sperm were subsequently unable to support normal fertilization and 

embryo development. 

Spermatozoa from normal healthy donors therefore can serve as an ideal biological candidate to 

establish a novel toxicity screen to evaluate biologically relevant oxidative degradation occurring in 

personal care oils during storage. The human sperm motility assay (HSMA) is promoted as an easy and 

inexpensive alternative to mouse embryo assays (Claassens et al. 2000). 

Redox potential (also called oxidation-reduction potential or ORP) is an integrated measure of the 

balance between total antioxidants and total reductant in a biological system (Rael et al, 2007, Rael et al. 

2009a, Bar-Or et al. 2009). The value of this measurement is that it provides an overall picture of the all of 

the known and unknown elements that generate redox imbalance.  

 

Specific Aims 

Aim 1: To examine the biological safety of the test oils using spermatozoa as the biological model 

In this aim, the effect of various test oils on sperm quality will be examined by testing the effect of co-

incubation of the test oils on sperm motility at different time intervals by the human sperm motility assay. 

Spermatozoa free from any round cell contamination will be prepared on a density gradient (Figure 1a). We 

will examine the effect of the oils on the sperm motility at various time intervals from 0, 2, 6, 24 and 48h 

(Figures 1b).   

Aim 2: To determine the autooxidation effect of the test oils on reactive oxygen species, lipid 

peroxidation and DNA damage  
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Autooxidation effects are detrimental to the spermatozoa. They increase oxidative stress as result of free 

radical production. This causes an increase in sperm DNA fragmentation which may compromise the ability 

of the spermatozoa to fertilize and result in a successful pregnancy. We will examine the phototoxic effect 

of the oils on the production of reactive oxygen species, extent of lipid peroxidation a marker of oxidative 

stress, peroxidative value and sperm DNA fragmentation to establish the toxic effects of the oils on the 

spermatozoa (Figures 2a-c).     

Aim 3: To determine the oxidation reduction potential of the test compounds  

We will examine the ORP of the test compounds and compare these with the results obtained in Aim 2. 

 

Aim Hypothesis Methodology Expected Outcome 

1 

Quality of sperm 
collected from 
normospermic donors 
is affected by using 
personal care oils. 

Semen samples from 20  subjects will 
be collected and co-incubated (10% 
vol./ vol.) with: 
1. Monistat Stay fresh gel 
2. Johnson’s Baby Cream Oil 
3. Natural Stretch oil 
4. Sweet Almond oil  
5. Control media 

Personal care oils have a 
detrimental effect on sperm 
function which varies across 
products. 
 

2 

Auto-oxidation of 
personal care oils may 
result in production of 
free radicals, increase 
in lipid peroxidation, 
peroxidative values 
and sperm DNA 
fragmentation. 

Examine pH and osmolarity, and 
sperm motility by measuring: 
1. 24 hour survival assay  
 
Measurement of levels of: 
1. Reactive oxygen species (n = 20)  
2. Lipid peroxidation (n = 20)  
3. Peroxidative value(n = 20)  
4. DNA fragmentation(n = 20) 

Some of the personal care oils may 
result in poor sperm quality due to 
increased oxidative stress, lipid 
peroxidation, peroxidative value 
and increased DNA fragmentation.  
 

3 

Auto-oxidation of 
personal care 
products results in 
increase of Oxidation 
reduction potential 

Measure ORP levels in sperm 
incubated with 10% suspension of:  
1. Monistat Stay fresh Gel 
2. Johnson’s Baby Creamy Oil 
3. Natural Stretch oil 
4. Sweet Almond Oil 
5. control media 

Test oils with high photo-oxidation 
may show higher ORP levels. 

 

Significance of the Study 

The findings of this study will determine which of the four personal care oils may be impacting 

sperm function (as a biological marker) through oxidative stress as a result of autooxidation of the oils.  
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Experimental Design and Methodology 

Following the approval of the study by the Institutional Review Board of the Cleveland Clinic, semen 

samples will be collected from  20 pooled donors.  

 

1. Inclusion Criteria 

Semen donors will be identified prior to start of the study. Each donation will include the subject’s 

initials, date, and time of collection. Subjects must meet all of the following inclusion criteria to be eligible 

for enrollment into the trial:  

1. Generally healthy males over the 18 years of age.  

2. Willing to abstain from sexual activities a minimum of 3 days prior to semen collection. 

3. Normal semen analysis as per WHO 2010 guidelines. 

2. Exclusion criteria 

Subjects presenting with any of the following will not be included in the study:  

1. Poor semen parameters (concentration, motility or low sample volume)  

3. Non-compliance with protocol requirements. 

3. Adverse events 

This is an in vitro study. We do not anticipate any adverse events. 

4. Analysis of primary end points 

Quantitative end points such as percentage motility at different time points will serve as primary end 

points.  

5. Analysis of secondary end point 

Evaluate levels of reactive oxygen species, lipid peroxidation, and DNA fragmentation. 

6. Sample Collection 

 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 20 minutes at 37 C before further 

processing according to WHO criteria (concentration: > 15 X 106 sperm/mL, motility: >40%) (WHO, 2010). 

7. Sample preparation 

Following liquefaction, semen specimens will be evaluated for volume, sperm concentration, motility, 

and viability as per WHO 2010 guidelines. Motile sperm will be obtained by pooling of semen samples 

prepared by double density gradient separation. Aliquots of sperm will be tested for the effect of different 
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test compounds on spermatozoa. We will examine the pH and osmolarity of 4 test compounds; these will 

be labeled as follows:  

1. Monistat Stay fresh Gel (contains vaginal product with mineral oil and palm oil) 

2. Johnson’s Baby Creamy Oil (contains soy oil, palm oil and mineral oil)  

3. Natural Stretch oil (contains grape seed oil and jojoba oil) 

4. Sweet Almond Oil 

For control, the test compound will be replaced with human tubal fluid (HTF with 2%-5% HSA). 

8. Sperm preparation by Density Gradient  

Spermatozoa will be prepared by separation on a double density gradient (Figure 1a). Gradient will be 

prepared by layering 2mL each of upper (45%) and lower phase (90%) layer (Vitrolife, San Diego, CA).2 mL 

of liquefied semen sample will be carefully layered on top. Sample will be centrifuged at 1600 rpm for 20 

minutes. The resulting pellet will be aspirated and diluted with 2 mL of human tubal fluid (HTF). The pellet 

will be resuspended in 2 mL of HTF. The resulting pellet will be resuspended with (1) HTF alone and (ii) HTF 

–supplemented with 2 mg/ human serum albumin respectively. The final concentration will be adjusted to 

5 X 106 motile spermatozoa/ mL and 0.5 mL aliquots will be used for sperm motility studies.  

9. Human sperm motility assay 

Human sperm motility assay will be used to test the toxicity of the test compounds (Claassens et al. 

2000). Spermatozoa will be prepared by separation on a double density gradient (n = 20). Gradient will be 

prepared by layering 2mL each of upper (45%) and lower phase (90%) layer (Vitrolife, San Diego, CA).2 mL 

of liquefied semen sample will be carefully layered on top. Sample will be centrifuged at 1600 rpm for 20 

minutes. The resulting pellet will be aspirated and diluted with 2 mL of human tubal fluid (HTF) and 

centrifuged again at 1600 rpm. The resulting pellet will be resuspended with HTF with 2 mg/ human serum 

albumin. The final concentration will be adjusted to 5 X 106 motile spermatozoa/ mL and 0.5 mL aliquots 

will be used for sperm motility studies.  

Spermatozoa in HTF suspensions will be mixed with the test oil (1:10 vol./ vol.). The tubes will be placed 

in a 5% CO2 incubator at 370C. Samples will be vigorously mixed by pipetting and taken out for testing at 2, 

4, 6, 24 and 48 h incubation intervals. An aliquot of the test sample will be placed on a MicroCell chamber 

and examined under phase contrast at X20 magnification for progressive motility. For the test to be valid, 

control sample should show ≥70 % motility. Sperm motility index (SMI) will be calculated by dividing the 

percentage progressive motility of the test by the percentage progressive motility of the control at the 
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specified times. SMI values <0.75 will be considered as abnormal and indicative of sperm toxicity (Alvarez et 

al. 1999).   

10. Measurement of reactive oxygen species 

Levels of ROS will be measured by chemiluminescence assay. Luminol (5-amino-2, 3-dihydro-1, 4-

phthalazinedione; Sigma Chemical Co., St Louis, MO) will be used as a probe. A 100 mmoL/ L stock solution 

of luminol will be prepared in dimethyl sulfoxide. For the analysis, 10 µL of the working solution (5 mM) will 

be added to 400 L of neat sperm sample (n = 20). Chemiluminescence will be measured for 15 min using a 

luminometer (AutolumatPlus LB 953; Berthold Technologies, Oakland, TN). Results will be expressed as 

RLU/ sec/106 sperm (Mahfouz et al. 2009).   

11. Measurement of lipid peroxidation  

The amount of lipid peroxides formed by incubation of the spermatozoa with the test compounds will 

be examined using the 4-HNE (hydroxynonenal) Adduct Competitive ELISA kit. (Cell BioLAbs). 4-HNE 

(hydroxynonenal) is a common byproduct of lipid peroxidation during oxidative stress. 4-HNE 

(hydroxynonenal) adducts are more stable than MDA protein products and are more reliable when testing 

samples that have been frozen for a few months.   

12. Measurement of peroxidative value 

As an alternate we will also measure peroxidative value (POV) of the test compounds (n = 20). This 

represents the total hydroperoxide and peroxide oxygen content of lipids or lipid-containing materials. It is 

calculated from an idometric titration where the hydroperoxides and peroxides oxidize aqueous iodide to 

iodine which is then titrated with standard thiosulfate solution and starch as end-point indicator. To 

conduct this test, 5g of oil will be weighed out in a stoppered 250 mL flask and 25 mL of acetic acid-

chloroform and 1 mL of saturated potassium iodide will be added. After swirling, the flask will be placed in 

the dark for exactly 1 minute and 75 mL of water will be added to stop the reaction.  A small amount of 

starch will be added and titrated with 0.01M sodium thiosulphate solution, while shaking the flask 

vigorously till the blue-black color disappears.  

The POV is calculated as milliequivalent (meq) of peroxide/ kg of oil.   

13. Measurement of sperm DNA fragmentation 

An aliquot of well liquefied seminal ejaculate (n = 20) will be used to assess DNA damage using the 

TUNEL (terminal dUTP nick-end labeling) assay. Briefly, 1-2 million spermatozoa will be washed in 

phosphate buffered saline (PBS) and resuspended in 3.7% paraformaldehyde; the concentration will be 

adjusted to 1-2 X 106 sperm/ mL. They will be placed on ice for 30-60 minutes at 4oC. Thereafter, the 
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spermatozoa will be again washed to remove the paraformaldehyde and then re-suspended in 70% ice-cold 

ethanol. Specimens will be kept at -20oC until they are ready to be analyzed (Sharma et al. 2010).  

Sperm DNA fragmentation will be evaluated using a terminal deoxynucleotidyl transferase-mediated 

fluorescein-dUTP nick end labeling (TUNEL) assay with an Apo-DirectTM kit (Pharmingen, San Diego, CA) as 

described earlier. Positive and negative kit controls provided by the manufacturer in addition to our lab 

internal control specimen (specimens from donors and patients with known DNA damage) will be included 

for each run. Following a second wash in PBS to remove ethanol, the sperm pellets will be re-suspended in 

50 L of freshly prepared staining solution for 60 minutes at 37 C. The staining solution contains terminal 

deoxytransferase (TdT) enzyme, TdT reaction buffer, fluorescein isothiocynate tagged deoxyuridine 

triphosphate nucleotides (FITC-dUTP) and distilled water. All specimens will be further washed in rinse 

buffer to remove the unbound reaction solution, re-suspended in 0.5 mL of propidium iodide/RNase 

solution, and incubated for 30 minutes in the dark at room temperature followed by flow cytometric 

analysis. The samples will be analyzed within an hour after PI /RNase staining. 

Flow cytometry (FCM) analysis: 

All fluorescence signals of labeled spermatozoa will be analyzed by the Accuri C600 flow cytometer 

(Becton Dickinson, San Jose, CA). About 10,000 spermatozoa will be examined for each assay at a flow rate 

of <100 cells/sec. The excitation wavelength will be 488 nm supplied by an argon laser at 15 mW. Green 

fluorescence (480–530 nm) will be measured in the FL-1 channel and red fluorescence (580–630 nm) in the 

FL-2 channel. Gating will be done to exclude debris and aggregates using 90-degree and forward-angle light 

scatter. The percentage of positive cells (TUNEL-positive) will be calculated on a 1023-channel scale. 

Percentage of spermatozoa displaying DNA fragmentation will be calculated. 

14. Measurement of oxidation-reduction potential (ORP)  

Highly motile sperm suspension prepared after density gradient (10 X 106/mL) will be incubated with an 

equal volume of the 4 test compounds (10%, vol. /vol.). Each aliquot will be incubated for 2 hrs in the dark 

at 37OC with the test compound or the control. ORP levels will be measured at the end of each incubation. 

 

Statistical Analysis  

This study aims to analyze the potential toxic effects of the use of personal care oils. It aims to 

examine the differences in sperm quality of the semen without and with the presence of the 6 test 

compounds.  
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Summaries of the categorical variables will be reported as percent frequency, and quantitative 

variables will be represented as mean ± standard deviation and median (25th and 75th percentiles).  Each test 

compound will be compared to controls with respect to sperm parameters using paired T-tests.  With six 

compounds being compared to control, each paired T-test will be performed at a significance level of 0.05/6 = 

0.0083, per Bonferroni correction, to yield an overall significance level of 0.05 for each semen parameter.  We 

anticipate the use of log transformations to achieve approximate normality of the distributions of sperm 

parameters prior to performing the T-tests, so the difference between groups for an individual subject are 

expressed as a log ratio.  If normality is doubtful for either the original observations or their log-transformed 

values, Wilcoxon signed rank tests will be used for the paired comparisons, respectively. 

For the paired comparisons of each compound to controls, power is calculated with respect to 

identification of a 20% decline in mean levels between the groups being compared. For paired T-test 

comparisons based on 20 samples, the power is at least 90% for parameters whose log ratios have a coefficient 

of variation of no more than 20%. 

 

Project Time Line: 6-7 Interns 

5 weeks (Wed - Friday)  

Week 1:  

 Training in different techniques required for the project.   

Weeks 2 to 4:  

1. Preparation of sperm by density gradient (Intern 1-2) 

2. Sperm motility measurement – (Interns 3 - 4) 

 Measurement of reactive oxygen species (Intern 5) 

 Measurement of DNA damage 

 Measurement of lipid peroxidation and POV (Interns 6-7) 

 Measurement of ORP (Intern 1) 

Week 5:  

1. Data entry (2 Interns) 

2. PowerPoint presentation: Highlights of the study   
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Kouretas D. Application of a new oxidation-reduction potential assessment method in strenuous 

exercise-induced oxidative stress. Redox Rep. 2014; Dec 12. [Epub ahead of print].  

 

Figure 1a: Preparation of highly motile sperm by density gradient separation 
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Figure 1b: Schematics showing the effect of co-incubation of sperm (n = 20) and different test 

compounds (0, 2, 6, 24 and 48h) on sperm motility as assessed by the human sperm motility 

assay 
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Figure 2a: Schematics showing the effect of co-incubation of sperm (n = 20) and different test compounds 

(0 and 6h) on production of reactive oxygen species.   
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Figure 2b: Schematics showing the effect of co-incubation of sperm (n = 20) and different test compounds 

(0 and 6h) on sperm lipid peroxidation  
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Figure 2c: Schematics showing the effect of incubation of test compounds (0 and 6h) on peroxidative 
values 
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Figure 2d: Schematics showing the effect of co-incubation of sperm (n = 20) and different test compounds 

(0 and 6h) on sperm DNA fragmentation 
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Figure 3a: Schematics showing the effect of co-incubation of sperm (n = 20) and different test compounds 

(0, and 2h) on Oxidation-Reduction Potential (ORP) 
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Intern Distribution of Experimental Work 
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A. Equipment/Instruments 

8. Centrifuge  

9. Vortex 

10. CO2 Incubator  

11. Microscope  

12. Slide boxes 

13. Mutichannel pipettes 

14. Plate reader 

B. Reagents /Chemicals/ Instruments 

22. Sperm wash medium (HTF) 

23. Phosphate buffer saline (PBS)  

24. Luminol 

25. DMSO 

26. TUNEL kit 

27. 4-HNE kit 

28. POV reagents 

29. ORP instrument 

30. Luminometer 

31. Accuri C6 

32. Starch 

33. Thiosulphate 

34. 96-well plates 

C. Disposables 

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

17. Tips (1-10µL, 10-100µL, 100-1000 µL) 

18. Serological pipettes (2 and 5 mL) 

19. Plastic tubes (5 mL and 15 mL centrifuge tubes) 

20. MicroCell slides 

21. Transfer pipettes 

22. Gloves 

23. ORP strips 

24. Glass tubes 

25. Stoppered titration flask 
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Budget  

Item Quantity Cost/unit 
($) 

Total Cost 
($) 

Laboratory reagents   $795.20 

HTF 500 mL 1 x 500 mL $162.00ea 162.00 

Phosphate Buffer  500 mL:without calcium 
and magnesium, ph 6.8   

2x 500 mL 
$31.00ea 62.00 

Dimethyl Sulfoxide 100 mL 1 x 100 mL $119.50/ btl 119.50 

Luminol 5G 1 x 5G $51.80ea 51.80 

Potassium iodide 100G 1X100G  $71.70ea 71.70 

Sodium Thiosulphate 250G 1X250G $55.00ea 55.00 

Starch 100G 1X100G $19.20 19.20 

Burette + Clamp+ Stand   $254.00 254.00 

    

Kits   $1,010.00 

LPO kit  1 2X $575.00 575.00 

DNA kit  1  $435.00 435.00 

Miscellaneous laboratory supplies   $1,500. 

Pipette tips, serological pipettes     

Transfer pipettes    

96 well plates    

Tubes 12 X 75 mm    

Eppendorff microfuge tubes     

Falcon tubes (15ml graduated)    

MicroCell slides    

Frosted slides, plain slides, cover slips    

Cryo Tubes    

    

Donor payment     20x5 $40/donor  $4,000.00 

Biostatistician charges $80/h  X   15h   $1,200.00 

    

  Total  $7005.20 
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IRB Approval Letter 
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Dr. Avi Harlev, MD 

Center for Reproductive Medicine 

Cleveland Clinic 

E-mail: Harleva@ccf.org 

Mobile: (216) 777-9208 

 

PROJECT 4: The impact of methylphenidate hydrochloride, the active ingredient of Ritalin®, on sperm 

viability, motility and oxidative stress – an in vitro study 

 

Rationale  

To date, no study addressed the direct impact of methylphenidate hydrochloride (MPH) over 

sperm. MPH is the active ingredient of Ritalin, the most commonly used medication for attention deficit 

disorder. Since Ritalin was originally prescribed for children prior to their sperm production age, the 

question of the direct impact on sperm function was not addressed. The highly growing frequency of MPH 

prescription in children and adults and the insufficient data on the probable effects of Ritalin on fertility 

necessitates further investigation. This study evaluates the direct impact of MPH on sperm. 

 

Background 

Methylphenidate hydrochloride (MPH; methyl-a-phenyl-2-piperidi-nacetate hydrochloride) is a mild 

central nervous system stimulant used in the management of attention deficit hyperactivity disorder 

(ADHD). MPH, commonly known as Ritalin, is the most prescribed medication to treat behavioral disorders 

in children and adults (Solanto MV, 1998).  MPH could be used to control unfavorable signs, such as 

absence of concentration, attention deficiency, and hyperactivity. Moreover, its usage in children can be 

continued during adulthood, too (Goldman LS, 1998).  

MPH is one of the isomers of Amphetamine. Given in the normal dosage for clinical use, the plasma 

concentration of MPH reaches a maximal concentration of 10 ng/ml (Josefsson M, 2011) and its half-life is 

2.5 hours (Markowitz JS, 2003). MPH is soluble in water.  

Due to the extensive use of this medication to treat ADHD symptoms, many investigations have 

been performed to evaluate its effects on the body organs. It has been reported that chronic use of MPH 

decreases the body weights of male mice in comparison to a control group. Besides, the weight of the 

testes and seminal vesicles decreased significantly in these mice (Manjanatha MG, 2008, Beckman DA, 
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2008). In another report, disorders in the growth as well as changes in the weight of brain, heart, ovaries, 

spleen and prostate of the studied animals have been observed following long-term use of MPH (Markowitz 

JS, 2006) indicating its effects on different body organs. MPH was reported to reduce the number of Leydig 

cells and serum testosterone concentration. Moreover, the fertility rate of the male mice declined 

significantly in the MPH treated groups compared with the control (Fazelipour S, 2012). 

 

Specific Aims 

In this study, we hypothesize that MPH negatively impacts sperm motility, viability, promotes oxidative 

stress and DNA damage as a consequence. Therefore, our aims are: 

Aim 1:  

To examine the impact of MPH on spermatozoa viability and motility. 

Aims 2:  

To determine the effect of MPH on lipid peroxidation. 

 

Aim Hypothesis Methodology Expected Outcome 

1 

The viability and 
motility of sperm 
collected from normo-
spermic donors is 
affected by MPH. 

 Semen samples from 10 subjects 
will be collected and co-incubated  
with MPH in varying 
concentrations (5,10 and 20 
ng/ml)  and control media 

 At 0,1 and 5 h examine: 
1. pH (n=10) 
2. viability (n=10) 
3. motility (n=10) 
 

MPH has a detrimental effect on 
sperm motility and viability. 

2 

Sperm exposed to 
MPH may result in 
production of free 
radicals and an 
increase in lipid 
peroxidation . 

At 0,1 and 5, h measurement of levels 
of: 
1. Lipid peroxidation (n = 10) 
2. ORP levels (n=10) 
will be performed 

Spermatozoa exposed to MPH 
result in poor sperm quality due to 
increased oxidative stress, lipid 
peroxidation.  

 

Significance of the Study 

The findings of this study will determine the impact of a widely used medication containing MPH on 

the sperm viability, function and oxidative stress. Additionally, the potential risk of MPH damage on the 

critical sperm DNA will be determined. 
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Experimental Design and Methodology 

Following the approval of the study by the Institutional Review Board of the Cleveland Clinic, semen 

samples will be collected from 10 subjects. 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 20 minutes at 37°C before further processing according to WHO criteria (concentration: > 15 

X 106 sperm/mL, motility: >40%) (WHO, 2010). 

 

Inclusion Criteria 

Semen donors will be identified prior to start of the study. Each donation will include the subject’s 

initials, date, and time of collection. Subjects must meet all of the following inclusion criteria to be eligible 

for enrollment into the trial: 

1. Generally healthy males over 18 years of age. 

2. Willing to abstain from sexual activities a minimum of 2 days prior to semen collection. 

3. Normal semen analysis as per WHO 2010 guidelines.  

Exclusion criteria  

Subjects presenting with any of the following will not be included in the study:  

1. Sample of high viscosity. 

2. Non-compliance with protocol requirements.  

Sample Collection 

All specimens will be collected by masturbation after a period of sexual abstinence of 48 – 72 hours 

and will be allowed to liquefy completely for 20 minutes at 37 C before further processing according to 

WHO criteria (concentration: > 15 X 106 sperm/mL, motility: >40%) (WHO, 2010). 

Standard semen analysis  

Following liquefaction, semen specimens will be evaluated for volume, sperm concentration, 

motility, and viability as per WHO 2010 guidelines. Motile sperm will be obtained by pooling of semen 

samples prepared by double density gradient separation. The motile sperm will be tested for the effect of 

different concentrations of MPH (5ng/ml, 10 ng/ml, 20 ng/ml)  on spermatozoa.  

Sperm preparation by density gradient  

Spermatozoa will be prepared by separation on a double density gradient (Figure 1a). Gradient will 

be prepared by layering 2mL each of upper (45%) and lower phase (90%) layer (Vitrolife, San Diego, CA).2 

mL of liquefied semen sample will be carefully layered on top. Sample will be centrifuged at 1600 rpm for 
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20 minutes. The resulting pellet will be aspirated and diluted with 2 mL of human tubal fluid (HTF). The 

pellet will be re-suspended in 2 mL of HTF. The resulting pellet will be re-suspended with (1) HTF alone and 

(ii) HTF –supplemented with 2 mg/ human serum albumin respectively. The final concentration will be 

adjusted to 5 X 106 motile spermatozoa/ mL and 0.5 mL aliquots will be used for sperm motility studies.  

Human sperm motility assay 

Human sperm motility assay will be used to test the toxicity of the MPH different concentrations 

(Claassens et al. 2000). Spermatozoa will be prepared by separation on a double density gradient (n = 10). 

Gradient will be prepared by layering 2mL each of upper (45%) and lower phase (90%) layer (Vitrolife, San 

Diego, CA). Two mL of liquefied semen sample will be carefully layered on top. Sample will be centrifuged 

at 1600 rpm for 20 minutes. The resulting pellet will be aspirated and diluted with 2 mL of human tubal 

fluid (HTF) and centrifuged again at 1600 rpm. The resulting pellet will be re-suspended with HTF with 2 

mg/ human serum albumin. The final concentration will be adjusted to 5 X 106 motile spermatozoa/ mL 

and 0.5 mL aliquots will be used for sperm motility studies.  

Spermatozoa in HTF suspensions will be mixed with MPH (1:10 vol./ vol.). The tubes will be placed 

in a 5% CO2 incubator at 37 C. Samples will be vigorously mixed by pipetting and taken out for testing at 0, 

1,5 hours incubation intervals. An aliquot of the test sample will be placed on a MicroCell chamber and 

examined under phase contrast at X20 magnification for progressive motility. For the test to be valid, 

control sample should show ≥70 % motility. Sperm motility index (SMI) will be calculated by dividing the 

percentage progressive motility of the test by the percentage progressive motility of the control at the 

specified times. SMI values <0.75 will be considered as abnormal and indicative of sperm toxicity (Alvarez et 

al. 1999). 

Measurement of lipid peroxidation  

Lipid peroxidation is a well-defined mechanism of cellular damage. Lipid peroxides are unstable 

indicators of oxidative stress in cells that decompose to form more complex and reactive compounds such 

as Malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE), natural biproducts of lipid peroxidation. 

Oxidative modification of lipids can be induced in vitro by a wide array of pro-oxidant agents and occurs in 

vivo during aging and in certain disease conditions. Measuring the end products of lipid peroxidation is one 

of the most widely accepted assays for oxidative damage. These aldehydic secondary products of lipid 

peroxidation are generally accepted markers of oxidative stress. Both MDA and HNE have been shown to 

be capable of binding to proteins and forming stable adducts, also termed advanced lipid peroxidation end 

products. These modifications of proteins by MDA or HNE can cause both structural and functional changes 



  Synopsis of Bench Research Project 
 

 

52 
76. SI 2015 Master Bench Research Projects. doc  

of oxidized proteins. Specifically, 4-HNE can react with lysine, histidine or cysteine residues in protein to 

form adducts. 

Cell Biolabs’ OxiSelect™ HNE Adduct Competitive ELISA Kit is an enzyme immunoassay developed 

for rapid detection and quantitation of HNE protein adducts. The quantity of HNE adduct in protein samples 

is determined by comparing its absorbance with that of a known HNE-BSA standard curve. Each kit provides 

sufficient reagents to perform up to 96 assays, including standard curve and unknown protein samples. 

Assay Principle First, an HNE conjugate is coated on an ELISA plate. The unknown HNE protein samples or 

HNEBSA standards are then added to the HNE conjugate preabsorbed ELISA plate. After a brief incubation, 

an anti-HNE polyclonal antibody is added, followed by an HRP conjugated secondary antibody. The content 

of HNE protein adducts in unknown samples is determined by comparison with a predetermined HNE-BSA 

standard curve. 

Measurement of oxidative stress through ORP  

The motile sperm suspension prepared after density gradient (10 X 106/mL) will be incubated with 

an equal volume of MPH in different concentrations. ORP levels will be measured at 0,1,5 h parallel to the 

viability and motility tests. 

Adverse events  

We do not anticipate any adverse events as this is an in vitro study.  

Analysis of primary end points  

Percentage motility, viability will serve as primary end points.  

Analysis of secondary end point  

Evaluate levels of reactive oxygen species, lipid peroxidation.  

Statistical Analyses and Power  

Summaries of the categorical variables will be reported as percent frequency, and quantitative 

variables will be represented as mean ± standard deviation and median (25th and 75th percentiles).  

Repeated measures models will be used to assess the associations of MPH concentrations (including 

control) and time with respect to each of viability, motility, lipid peroxidation, and ORP outcomes.  We 

anticipate the use of log transformations to achieve approximate normality of the distributions of outcomes 

prior to performing the analyses.  At individual time points for pairwise comparisons of concentrations, the 

analyses will also be performed with paired T-tests.  With 3 concentrations being compared to control, each 

paired T-test will be performed at a significance level of 0.05/6 = 0.0083, per Bonferroni correction for six 

pairwise comparisons, to yield an overall significance level of 0.05 for each outcome at each time point.  If 
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normality is doubtful for either the original observations or their log-transformed values, Wilcoxon signed 

rank tests will be used for the paired comparisons, respectively. 

For the paired comparisons of each compound to controls, power is calculated with respect to 

identification of a relative 50% change in mean levels between the groups being compared. For paired T-

test comparisons based on 18 samples, the power is at least 80% for parameters whose log ratios have a 

coefficient of variation of no more than 33%. 

Intern Distribution of Experimental Work 

Parameter   INTERNS    

 1 2 3 4 5 6 

Volume/pH 
 

X X     

 Concentration/Motility 
 

  X    

Viability: E/N 
 

X X     

Sperm preparation by 
density gradient 
Calculation of motility 
 

   X X  

ORP 
 

     X 

Lipid peroxidation MENTOR 
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A. Equipment/Instruments 

15. Centrifuge  

16. Vortex 

17. CO2 Incubator  

18. Microscope  

19. Slide boxes 

20. Multichannel pipettes 

B. Reagents /Chemicals/ Instruments 

35. Donors 

36. Sperm wash medium (HTF) 

37. Phosphate buffer saline (PBS)  

38. DMSO 

39. TUNEL kits 

40. Lipid peroxidation reagents 

41. POV reagents 

42. ORP instrument 

43. Luminometer 

44. Accuri C6 

45. Elisa reader 

46. Wáter bath  

C. Disposables 

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

27. Tips (1-10µL, 10-100µL, 100-1000 µL) 

28. Serological pipettes (2 and 5 mL) 

29. Plastic tubes (5 mL and 15 mL centrifuge tubes) 

30. MicroCell slides 

31. Transfer pipettes 

32. Gloves 

33. ORP strips 
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Budget  

Item Quantity Cost/unit 
($) 

Total Cost 
($) 

Laboratory reagents   $795.20 

HTF 500 mL 1 x 500 mL $162.00ea 162.00 

Phosphate Buffer  500 mL:without calcium 
and magnesium, ph 6.8   

2x 500 mL 
$31.00ea 62.00 

Dimethyl Sulfoxide 100 mL 1 x 100 mL $119.50/ btl 119.50 

Potassium iodide 100G 1X100G  $71.70ea 71.70 

Sodium Thiosulphate 250G 1X250G $55.00ea 55.00 

Starch 100G 1X100G $19.20 19.20 

Burette + Clamp+ Stand   $254.00 254.00 

Kits    

LPO kit (shared with other projects) 1 2X $575.00 $575.00 

Miscellaneous laboratory supplies   $1,500. 

Pipette tips, serological pipettes     

Transfer pipettes    

96 well plates    

Tubes 12 X 75 mm    

Eppendorff microfuge tubes     

Falcon tubes (15ml graduated)    

MicroCell slides    

Frosted slides, plain slides, cover slips    

Cryo Tubes    

    

Donor payment     25x $40/donor  $1,000.00 

Biostatistician charges $80/h  X   15h   $1,200.00 

    

  Total  $5070.00 
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Figure 1: Preparation of highly motile sperm by density gradient separation  
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Figure 2a: Schematics showing the effect of co-incubation of sperm (n = 10) and different MPH 

concentrations (5, 10, 20 ng/ml) and time (0, 1, 5h) on sperm motility and viability 
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Figure 2b: Schematics showing the effect of co-incubation of sperm (n = 10) and different MPH 

concentrations (5, 10, 20 ng/ml) and time (0, 1, 5h) on oxidative stress and sperm lipid peroxidation  
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IRB Approval Letter 
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Stefan du Plessis, PhD 

Fulbright Fellow 

Center for Reproductive Medicine 

Cleveland Clinic 

E-mail: dupless@ccf.org 

Mobile: (216) 312-5829 (AA); (216) 387-7932 (SSDP) 

 

PROJECT 5: VALIDATING OXIDATION-REDUCTION POTENTIAL IN FRESH AND FROZEN SEMEN SAMPLES 

WITH THE RedoxSYS® DIAGNOSTIC SYSTEM 

 

Rationale  

Oxidative stress can be defined as the imbalance between the metabolism of reactive oxygen 

species (ROS) and ability of the available antioxidants in the biological system to detoxify the reactive 

metabolites. Infertility is a common problem that affects 15% of all couples who are trying to conceive. 

Male factor infertility is contributing to almost half of these cases, and no definitive cause can be found in 

over 25% of infertile males. Unexplained male infertility is the inability to reproduced despite having 

normal sexual history, physical exam, and semen analysision two or more occasions as well as no harmful 

toxin exposure.  Unexplained forms of male infertility may be caused by several factors, such as chronic 

stress, endocrine disruption due to environmental pollution, ROS/oxidative stress and genetic 

abnormalities where the main sources of ROS in male genital tract are immature and/or damaged 

spermatozoa and a subpopulation of leukocytes known as polymorphonuclear neutrophils. Oxidative stress 

due to excessive production of ROS has been associated with defective sperm function and infertility. 

Oxidative stress results in sperm DNA fragmentation leading to male infertility and the inability of 

spermatozoa to render a successful pregnancy. Oxidative stress can be measured by determining the levels 

of ROS and total antioxidant capacity in the seminal plasma. We have demonstrated that a combined ROS-

TAC measure called the ROSTAC score provides a better measure of oxidative stress compared to the 

individual ROS and TAC values. However, the current methods used to measure oxidative stress involve 

sophisticated instruments, are cumbersome, require larger volume and increase the turn-around-time for 

these tests. Another limitation is the difficulty in measuring oxidative stress in frozen semen specimens. 

Oxidative stress also results in change in the oxidation reduction potential. A new instrument has been 

mailto:dupless@ccf.org
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recently developed that is easy to use and gives a real time measure of oxidative stress measure as 

oxidation-reduction potential (ORP). It is called the RedoxSYS® Diagnostic System and marketed by Luoxis. 

Redox potential (also called oxidation-reduction potential or ORP) is an integrated measure of the 

balance between total antioxidants and total reductant in a biological system (Rael et al, 2007, Rael et al. 

2009a, Bar-Or et al. 2009). The value of this measurement is that it provides an overall picture of all of the 

known and unknown elements that generate redox imbalance and has a quick turn-around time. 

This novel, patented system measures two distinct parameters to determine redox potential of a biological 

sample: 

1. Static ORP (sORP): valuable “snapshot” of current redox balance, which appears to correlate with 

illness, injury severity and mortality. A higher sORP reading is indicative of oxidative stress 

2. Capacity ORP (cORP): amount of antioxidant reserves, which appears to correlate with the ability to 

respond to illness or injury (Bar-Or et al., 2005; Stagos et al. 2014) 

Both of these values have been studied and demonstrate statistically significant correlations with 

important clinical features in critical injuries and illnesses such as isolated traumatic brain injury (iTBI) (Rael 

et al., 2009b), liver disease (Bar-Or et al., 2009), multi-trauma injury (Rael et al., 2009a) and stroke. 

The goal of the study is to test the RedoxSYS® as a tool to measure ORP in semen and seminal plasma priort 

to and post freezing at several time points. This research will establish a foundation to use the RedoxSYS® 

as a viable option to measure ORP and furthermore establish a best practice protocol for time of 

measurement. 

We will validate the current methods of measuring oxidative stress with oxidation-reduction 

potential (ORP) and capacitance using the new instrument and simultaneously validate the use of this 

instrument. The study will involve 4 aims. These are described below.

http://www.luoxis.com/redoxsys/?page_id=96
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Specific Aims 

Aim 1: 

Determine if a correlation exists between ORP and the following parameters: ROS, TAC, TUNEL/LPO as 

traditionally measured in semen. 

Aim 2: 

Determine if there is a difference between the ORP of Whole Semen and Seminal Plasma. 

Aim 3: 

Determine if sub-zero storage (-80°C) affects the ORP values of Whole Semen and Seminal Plasma  

Aim 4: 

Determine if ORP values correlate with Lipid Peroxidation 

 

Aim Hypothesis Methodology Expected Outcome 

1 

A relationship exists between 
ORP and ROS,TAC, 
TUNEL/LPO in semen 

 ROS: Berthold Luminometer 
& Luminol 

 TAC: Assay Kit 

 TUNEL: Flow cytometry 

 LPO: ELISA 

 ORP: RedoxSYS® 

As ORP increases, the ROS and 
DNA fragmentation/LPO will 
increase, while TAC decreases. 
A relationship will be found 
between ROS,TAC and ORP 

2 

There is no difference 
between the ORP measured 
in Semen and Seminal 
plasma. 

 Seminal Plasma preparation: 
Centrifuge (1600RPM, 7min) 

 ORP:- RedoxSYS® 

No difference in ORP will be 
found. 

3 Sub-zero storage (-80°C) does 
not affect ORP 

 Freezing: -80°C freezer 

 ORP: RedoxSYS® 

No difference in ORP will be 
found. 

4 

ORP values correlate with 
LPO 

 Cumene Hydroperoxide (2.5, 
5, 10, 50, 100µM for 20min) 

 LPO: ELISA 

 ORP: RedoxSYS® 

ORP values correlate with LPO 
time 
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Significance of the Study 

The RedoxSYS® has never been used to measure ORP values in semen. These measurements need 

to be validated and compared with the currently used ROS values. Furthermore, it is vital to understand if 

time has an effect on ORP and if frozen samples can be used for accurate ORP measurements. Additionally, 

it is important to understand if (i) seminal plasma ORP reflects the ORP levels of semen, (ii) frozen samples 

can be used to measure ORP successfully and (iii) identify an optimal time point to measure ORP after 

semen collection. 

 

Experimental Design and Methodology 

Following the approval of the study by the Institutional Review Board of the Cleveland Clinic, semen 

samples will be collected from 20 subjects. The sample will be allowed to liquefy (37°C, 30 min) and then be 

divided into two fractions. Seminal plasma will be retrieved from the one fraction by collecting the 

supernatant after centrifugation (1600RPM, 7min). Incubate the semen with various concentrations of 

Cumene Hydroperoxide (2, 5, 10, 50, 100µM cHP) for 20 minutes. A basic spermiogram (count, motility, 

vitality, morphology) and advanced measurements will be performed on the semen (ROS, TUNEL, ORP) and 

seminal plasma (TAC, ORP). All fractions will be frozen (-80°C) without any cryoprotectants for 24hours. 

After thawing, the ORP will again be measured in all fraction. 

 

1. Inclusion Criteria 

Semen donors will be identified prior to the start of the study. Each donation will include the subject’s 

initials, date, and time of collection. Subjects must meet all of the following inclusion criteria to be eligible 

for enrollment into the trial:  

1. Generally healthy males over the 18 years of age.  

2. Willing to abstain from sexual activities a minimum of 3 days prior to semen collection. 

3. Normal semen analysis as per WHO 2010 guidelines. 

4. Provide informed consent. 

2. Exclusion criteria 

Subjects presenting with any of the following will not be included in the study:  

1. Highly viscous samples 

2. Non-compliance with protocol requirements. 
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3. Adverse events 

We do not anticipate any adverse events as this is an in vitro study. 

4. Sample Collection 

 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 30 minutes at 37 C before further 

processing according to WHO criteria (concentration: > 15 X 106 sperm/mL, motility: >40%) (WHO, 2010). 

5. Seminal plasma retrieval 

Half of each semen sample will be centrifuged (1600RPM, 7min). The supernatant will be removed, 

without disturbing the pellet, and kept for further analysis as seminal plasma. 

6. Standard Semen Analysis 

Following liquefaction, semen specimens will be evaluated according to WHO criteria for: 

1. Physical characteristics such as: Liquefaction time, semen age, split ejaculate, etc. 

2. Macroscopic characteristics such as: Physical appearance, color, viscosity, ejaculates volume and 

presence of round cells.  

3. Microscopic characteristics such as: Sperm count, total sperm count, percent motility, vitality and 

sperm morphology  

A fixed volume of 5 µL of well-liquefied semen sample will be used for manual evaluation of 

concentration and motility using a MicroCell counting chamber (Vitrolife, San Diego, CA). 

7. Sperm Vitality  

Sperm vitality will be assessed in those samples that present with <30% motility. This will be done 

through a one-step Eosin-Nigrosin staining procedure. At least 200 sperm will be scored per sample by 400x 

magnification. The percentage of dead (colored pink) and live (unstained) cells will be evaluated. This stain 

produces a dark background that provides contrast to the light color of sperm. Normal live sperm do not 

take on the Eosin-Nigrosin stain and appear white (unstained), while dead sperm allows the dye to pass 

through the cell membrane and stain the nucleus pink.  

8. Sperm Morphology 

Smears will be stained using a Diff-Quik kit (Baxter Healthcare Corporation, Inc., McGaw Park, IL) for 

assessment of sperm morphology. The morphological abnormalities will be examined according to Strict 

criteria (WHO, 2010). 

9. Measurement of Hypoosmotic Swelling (HOS) Test 
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Sperm membrane functional integrity will be measured by the hypoosmotic swelling (HOS) test. 100 L 

of semen sample will be mixed with 0.9 mL of hypoosmotic solution and incubated for 60 minutes at 37 C. 

After incubation, 1 drop of semen mixture will be evaluated using MicroCell counting chambers (Vitrolife, 

San Diego, CA). The percentage of spermatozoa showing tail swelling will be counted in duplicate under 40X 

objective.  

10. Measurement of reactive oxygen species 

Levels of ROS will be measured by chemiluminescence assay. Luminol (5-amino-2, 3-dihydro-1, 4-

phthalazinedione; Sigma Chemical Co., St Louis, MO) will be used as a probe. A 100 mmoL/ L stock solution 

of luminol will be prepared in dimethyl sulfoxide. For the analysis, 10 µL of the working solution (5 mM) will 

be added to 400 L of neat sperm sample (n = 20). Chemiluminescence will be measured for 15 min using a 

luminometer (AutolumatPlus LB 953; Berthold Technologies, Oakland, TN). Results will be expressed as 

RLU/ sec/106 sperm (Mahfouz et al. 2009).   

11. Measurement of sperm DNA fragmentation 

An aliquot of well liquefied seminal ejaculate (n = 20) will be used to assess DNA damage using the 

TUNEL (terminal dUTP nick-end labeling) assay. Briefly, 1-2 million spermatozoa will be washed in 

phosphate buffered saline (PBS) and resuspended in 3.7% paraformaldehyde; the concentration will be 

adjusted to 1-2 X 106 sperm/ mL. They will be placed on ice for 30-60 minutes at 4oC. Thereafter, the 

spermatozoa will be again washed to remove the paraformaldehyde and then re-suspended in 70% ice-cold 

ethanol. Specimens will be kept at -20oC until they are ready to be analyzed (Sharma et al. 2010).  

Sperm DNA fragmentation will be evaluated using a terminal deoxynucleotidyl transferase-mediated 

fluorescein-dUTP nick end labeling (TUNEL) assay with an Apo-DirectTM kit (Pharmingen, San Diego, CA) as 

described earlier. Positive and negative kit controls provided by the manufacturer in addition to our lab 

internal control specimen (specimens from donors and patients with known DNA damage) will be included 

for each run. Following a second wash in PBS to remove ethanol, the sperm pellets will be re-suspended in 

50 L of freshly prepared staining solution for 60 minutes at 37 C. The staining solution contains terminal 

deoxytransferase (TdT) enzyme, TdT reaction buffer, fluorescein isothiocynate tagged deoxyuridine 

triphosphate nucleotides (FITC-dUTP) and distilled water. All specimens will be further washed in rinse 

buffer to remove the unbound reaction solution, re-suspended in 0.5 mL of propidium iodide/RNase 

solution, and incubated for 30 minutes in the dark at room temperature followed by flow cytometric 

analysis. The samples will be analyzed within an hour after PI /RNase staining. 
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Flow cytometry (FCM) analysis: 

All fluorescence signals of labeled spermatozoa will be analyzed by the Accuri C600 flow cytometer 

(Becton Dickinson, San Jose, CA). About 10,000 spermatozoa will be examined for each assay at a flow rate 

of <100 cells/sec. The excitation wavelength will be 488 nm supplied by an argon laser at 15 mW. Green 

fluorescence (480–530 nm) will be measured in the FL-1 channel and red fluorescence (580–630 nm) in the 

FL-2 channel. Gating will be done to exclude debris and aggregates using 90-degree and forward-angle light 

scatter. The percentage of positive cells (TUNEL-positive) will be calculated on a 1023-channel scale. 

Percentage of spermatozoa displaying DNA fragmentation will be calculated. 

12. Lipid Peroxidation (LPO) 

Lipid peroxidation is a well-defined mechanism of cellular damage. Lipid peroxides are unstable 

indicators of oxidative stress in cells that decompose to form more complex and reactive compounds such 

as Malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE), natural biproducts of lipid peroxidation. 

Oxidative modification of lipids can be induced in vitro by a wide array of pro-oxidant agents and occurs in 

vivo during aging and in certain disease conditions. Measuring the end products of lipid peroxidation is one 

of the most widely accepted assays for oxidative damage. These aldehydic secondary products of lipid 

peroxidation are generally accepted markers of oxidative stress. Both MDA and HNE have been shown to 

be capable of binding to proteins and forming stable adducts, also termed advanced lipid peroxidation end 

products. These modifications of proteins by MDA or HNE can cause both structural and functional changes 

of oxidized proteins. Specifically, 4-HNE can react with lysine, histidine or cysteine residues in protein to 

form adducts. 

Cell Biolabs’ OxiSelect™ HNE Adduct Competitive ELISA Kit is an enzyme immunoassay developed for 

rapid detection and quantitation of HNE protein adducts. The quantity of HNE adduct in protein samples is 

determined by comparing its absorbance with that of a known HNE-BSA standard curve. Each kit provides 

sufficient reagents to perform up to 96 assays, including standard curve and unknown protein samples. 

Assay Principle First, an HNE conjugate is coated on an ELISA plate. The unknown HNE protein samples or 

HNEBSA standards are then added to the HNE conjugate preabsorbed ELISA plate. After a brief incubation, 

an anti-HNE polyclonal antibody is added, followed by an HRP conjugated secondary antibody. The content 

of HNE protein adducts in unknown samples is determined by comparison with a predetermined HNE-BSA 

standard curve. 

13. Total Antioxidant Capacity (TAC) 
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The total antioxidant measurement will be done using an antioxidant assay kit (Cayman Chemical, Ann 

Arbor, Mich.). The samples will be diluted 1:10 with the assay buffer to avoid variability in the 

measurement. Trolox standards and reagents will be prepared according to 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. 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. Subsequently, the plate will be covered and incubated on a shaker at room 

temperature for 5 minutes. Absorbance will be monitored at 750 nm using a microplate reader (BioTek 

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

14. Measurement of oxidation-reduction potential (ORP)  

The RedoxSYS® Diagnostic System will be calibrated with calibration sensor A+B on a daily basis. 

Unwrap an individual RedoxSYS® Sensor Strip and insert it face up with the electrodes facing the analyser. 

When it is fully inserted “Waiting for sample” will appear on the screen and a 2-minute sample countdown 

timer will begin. Using a pipette, 30µL of sample (semen or seminal plasma) can be applied to the sample 

application spot on the inserted strip. Make sure the entire spot is covered and that the same amount of 

sample is applied foir each test. 

Once the sample flow reaches the reference cell of the sensor, the testing automatically begins and the 

display screen wil show “Processing sample” and the time remaining. Do not press any buttons or remove 

the sensor strip while testing is in progress. Audible beeps will indicate the completion of the test and the 

results will be displayed on the screen and record the data before removing the sensor strip. 

Remove the RedoxSYS® Sensor Strip from the socket immediately after the data is recorded and discard 

it by observing the proper disposal of biological fluids guidelines. 
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Statistical Analysis  

Summaries of the categorical variables will be reported as percent frequency, and quantitative 

variables will be represented as mean ± standard deviation and median (25th and 75th percentiles). 

Analyses of ORP, capacitance, and other semen parameters for the various aims of the study are either 

descriptive (i.e. variability and correlation assessments), comparative with respect to different conditions 

imposed on the same samples (i.e. paired comparisons), or comparative with respect to different sets of 

samples (i.e. unpaired comparisons).  The descriptive studies will focus on estimates of standard deviation 

and coefficients of variation for assessments of components of measurement variability (phase 1A), and on 

Spearman correlations for assessments of the relationships of each of ORP and capacitance with ROS-TAC 

(phase 5).  Differences between paired groups with respect to distributions of ORP, capacitance, and other 

semen parameters will be assessed using paired T-tests (phases 1B-D, 2A-D, 3B, 4C). Differences between 

unpaired groups with respect to distributions of semen parameters between will be assessed using T-tests 

for independent samples. We anticipate the use of log transformations for some parameters to achieve 

approximate normality prior to performing the T-tests.  If normality is doubtful for either the original 

observations or their log-transformed values, Wilcoxon signed rank sum or Wilcoxon rank sum tests will be 

used for paired or unpaired comparisons, respectively. A two-sided p-value <0.05 will be considered 

statistically significant on all individual comparisons. We acknowledge that among the large number of tests 

to be performed, there will likely be some false positives when identifying significant results, and results 

will be interpreted with this awareness. 

Experience suggests that sperm parameters often display positive skewness with coefficients of 

variation ranging from below 50% to upwards near 100%, but with distributions that are approximately 

normal following a log transformation. For both paired and unpaired comparisons, power is calculated with 

respect to identification of doubling in mean levels between any two groups or conditions being compared. 

For paired T-test comparisons based on 15 samples exposed to two conditions for comparison, the power is 

at least 85% for parameters whose log ratios have a coefficient of variation of no more than 100%.  For 

unpaired T-test comparisons based on 20 observations per group, the power is at least 98% for parameters 

with a coefficient of variation of 50%, and the power remains above 83% for coefficients of variation up to 

75%.  Estimates of inter-assay variability based on 6 samples are sufficient to estimate standard deviations 

with upper limits of a 95% confidence interval not to exceed 3 times the point estimates.  Spearman 

correlations based on 20 samples will be accurate to within 0.44 with 95% confidence.  
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Based on the required sample sizes for the individual aims, The total number of samples required 

for each phase of the study is as: 

Phase 1: n = 51  (n=6 for 1A, n=15 for each of 1B-D) 

Phase 2: n = 60  (n=15 for each of 2A-D) 

Phase 3: n = 35  (n=20 for 3A allowing for unknown fraction of normal samples, n=15 for 

3B)   

Phase 4: n = 210  (n=50 for 4A allowing for unknown fraction of ENDTZ positive, n=40 for 

4B, n=80 for 4C, n=40 for 4D) 

Phase 5: n = 40  (n=20 for correlations within each group) 

Thus, a total of 396 samples from both donors (n = 60-80) and patients (n = 60-80) will be adequate 

to conduct the proposed studies. These subjects can be repeat subjects to provide the desired number of 

semen specimens.  
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Number of Interns: 6 

Project Time Line:  

5 weeks (Wed - Friday)  

Week 1:  

 Training in different techniques required for the project. Interns are only allowed to begin work on 

the project after the validation of their training 

Weeks 2 to 4:  

 Performing of all experiments and data generation 

Week 5:  

 Data entry and analysis(2 Interns) 

 PowerPoint presentation: Highlights of the study   
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Intern Distribution of Experimental Work 

 INTERNS 

1 2 3 4 5 6 

Volume/pH X      

Concentration/Motility X      

Viability: E/N  X     

HOS   X    

Morphology    X   

ROS     X  

TUNEL/TAC      X 

LPO  X X    

ORP      X 

FREEZING    X   

DATA CAPTURING X X X X X X 
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Budget  

Item Quantity Cost/unit 
($) 

Total Cost 
($) 

Laboratory reagents   $427.10 

HTF 500 mL 1 x 500 mL $162.00ea 162.00 

Phosphate Buffer  500 mL:without calcium 
and magnesium, ph 6.8   

2x 500 mL 
$31.00ea 62.00 

Dimethyl Sulfoxide 100 mL 1 x 100 mL $119.50/ btl 119.50 

Luminol 5G 1 x 5G $51.80ea 51.80 

Cumene Hydroperoxide 1 x 100G $31.80 $31.80 

    

Kits   $1,010.00 

LPO kit  1 $575.00 575.00 

TUNEL kit  1  $435.00 435.00 

    

Miscellaneous laboratory supplies   $1,500. 

Pipette tips, serological pipettes     

Transfer pipettes    

96 well plates    

Tubes 12 X 75 mm    

Eppendorff microfuge tubes     

Falcon tubes (15ml graduated)    

MicroCell slides    

Frosted slides, plain slides, cover slips    

Cryo Tubes    

    

Donor payment     30x$50/donor  $1,500.00 

    

Biostatistician charges $80/h  X   15h   $1,200.00 

    

    

  Total  $5,637.10 
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     Donors 

       1. Training x 10; Experiments x 20 

A. Equipment/Instruments 

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

2. Centrifuge  

3. Vortex 

4. Incubator  

5. Microscopes (phase + reticule) x 2 

6. -80°C Freezer 

7. RedoxSYS® Diagnostic System 

8. Luminometer (Berthold) 

9. Flow cytometer (Accuri) 

B. Reagents/Chemicals/Instruments 

47. Luminol 

48. HTF 

49. PBS 

50. Cumene hydroperoxide 

51. TUNEL kits 

52. LPO reagents 

53. TAC kits 

54. ORP sensors 

55. Eosin/Nigrosin 

56. DiffQuick 

C. Disposables 

34. Pipette Tips (1-10µL, 10-100µL, 100-1000 µL) 

35. Serological pipettes (2 and 5 mL) 

36. Plastic tubes (5 mL and 15 mL centrifuge tubes) 

37. Cryotubes 

38. Eppindorf microtubes (2ml) 

39. MicroCell slides 

40. Transfer pipettes 

41. Gloves 

42. ORP strips 
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