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ABSTRACT 

 
Alteration of cellular functions in magnetic fields is well documented. However, 

more recent data suggest that magnetism might be useful in detection of abnormal cell 

types due to their response to extremely low frequency electromagnetic fields (ELF-

EMF).  The purpose of the following study was to determine if these observations in 

abnormal cells might be useful in semen selection and if sperm exposed to ELF-EMF in a 

gravity flow field would preferentially migrate toward the magnetic poles. Further, as 

earlier data from this and other laboratories have suggested detrimental effects of ELF-

EMF on cellular physiology, we wanted to determine if momentary (< 2 hr) exposure of 

the cells to the limited ELF-EMF had any effects on routine semen parameters.  Bull and 

boar sperm were exposed to an electromagnetic field of 6 mG in order to evaluate sperm 

migration and evaluate the possibility of separating semen based on sex, using ELF-EMF.  

Semen was deposited in a specialized plate in which two anti-parallel electromagnets 

were placed on the left and right side of the semen.  Using a microscope, sperm was 

evaluated by cell concentration, motility, and forward progression on the right, middle, 

and left side of the plate at times 0, 10, 20, 30, 40, 50, 60, 90, and 120 minutes of 

electromagnetic exposure.  While the design of the chamber made absolute calculation of 

concentrations impossible, no stark differences were observed in cellular concentration at 

any time point.  As expected, there was a significant decrease in boar motility and bull 

motility over time (P<.001) and (P<.014) respectively.  However, there appeared to be no 

significant difference in boar motility (P=.224) or bull motility (P=.335) at any time 

between the three testing position in the chamber.  Similarly, forward progression 



v 

decreased significantly over time in both species (P<.001).  However, there was no 

statistical difference (P=1.000) between the three testing positions at any time.  These 

data would appear to indicate that, at least at this intensity level, magnetic fields have 

little effect on movement of sperm samples in culture and suggests that EMF alone would 

be of little value in a sorting protocol. 
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CHAPTER 1 

INTRODUCTION 

 

It is thought that artificial insemination (AI) originated in the early 1300’s by an 

Indian chief, who sought to better his horse herd by collecting a rival tribe’s Arabian 

stallion.  However, the first documented case of successful AI was not until 1780 by 

Spallanzani who artificially inseminated dogs.   Since that time, the AI process has been 

improved and become a common agriculture tool used to quickly transfer superior 

genetics.  The AI procedure includes collecting sperm from a male, preserving the semen 

until the female is ready for conception, and artificially introducing sperm into the female 

reproductive tract.    

In recent years, reproductive procedures have become increasingly more common 

and successful in both humans and animals.  Collectively, these new Assisted 

reproductive technologies (ARTs) have greatly improved how conception can take place.  

Genetically superior animals that would have once been sent to slaughter because of their 

inability to provide offspring are now being successfully bred using artificial 

insemination, embryo transfer (ET), and other reproductive technologies.  Humans who 

have trouble conceiving can now undergo in-vitro fertilization (IVF), intra-cytoplasmic 

sperm injection (ICSI), and embryo transfer, in an attempt to achieve conception.     

In mammalian species, fertilization is a seemingly simple concept, in which 

sperm and ova join, resulting in new life.  However, the entire reproductive process is a 

series of long and complicated events that must take place in a precise order for 

fertilization to take place. Further, once fertilization has occurred, growth of the 
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conceptus must also take place in a regulated pattern in order for the fetus to grow and 

survive until parturition.  Improvements in cryopreservation of semen, artificial hormone 

supplements, and semen extenders have all aided in the improvement of the efficiency of 

the reproductive process. 

Although females carry the embryo and nurture it to term, half the responsibility 

falls on the male sperm to actually generate conception.  Therefore, a critical role that 

males play in mammalian species is the determination of gender.  Because of this crucial 

role, there has been increasing interest in predetermining gender by selecting for sperm 

carrying either the X or Y chromosome.  This would not only benefit the agriculture 

industry, but humans as well.  Although there are ethical concerns with pre-selecting 

gender in humans, countries such as China, which are dealing with over population 

problems and therefore limit families to only a single child, could benefit greatly from 

this technology.  However, if abused, this rising new technology could lead to the 

dominance of one gender over the other, limiting the effects of natural selection in the 

human race.   

In the agricultural arena, producers could benefit greatly from selection of sex 

because of the cost efficiency of: 1) maintaining fewer animals and 2) producing only 

animals of the desired gender.  For example, beef cattle producers would increase income 

by producing more steer cattle to sell, and maintaining only a limited number of cows to 

carry the steers to term.  Dairy producers, on the other hand, desire production of mainly 

heifers, and pre-selection of gender would allow for a more efficient and cost effective 

way of milk production.  Over the last century a number of routes have been investigated 
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to find the most advantageous and cost-effective way to pre-select sperm according to 

gender.  Yet no efficient, cost-effective means currently exists to sort cells. 

A possible means of cell selections that has yet to be investigated is the use of 

Electromagnetic fields (EMFs).  Limited research has explored the use of magnetism in 

attempts to sort red blood cells (Owen et al., 1984), as well as attempts to trap sperm  

(Fuhr et al., 1998).  Concerns in using EMFs are noted in previous studies suggesting 

EMFs adversely affect health.  A number of studies have generated evidence that EMFs 

are harmful to biological life systems (Lee et al., 2004, Wolf et al., 2005).  However, 

other studies suggest little to no adverse effects on biological tissues (Tablado et al.,1996, 

Sun et al., 2005, Chung et al., 2005).   

In this study, we investigated the effects of extremely low frequency (ELF) 

electromagnetic fields (EMFs) on sperm motility.  In addition, we explored the possibility 

of sperm migration in regards to ELF-EMFs. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Introduction 

In recent years, the increasing use of reproductive technologies, such as artificial 

insemination and embryo transfer, have allowed for more rapid of genetic improvement 

of animals.  Currently, a large number of births in the dairy industry are a result of 

artificial insemination, and according to an article published in 2006, most elite dairy 

herds use AI (Sheldon et al., 2006).  Additionally, the use of AI in the swine industry has 

vastly increased over the past 35 years, starting in European countries and later 

expanding significantly in the United States (Gerrits et al., 2005).  The improvement of 

semen extenders allowing for sperm to be stored anywhere from 5 to 7 days (Gerrits et 

al., 2005) has largely contributed to this increase in swine artificial insemination.  As a 

result of the increased use of AI, fewer male animals are needed on site.  Artificial 

insemination brings with it many benefits for producers, including known breeding and 

parturition dates, less venereal disease transmission, and reduced labor costs.   

Another technology that is gaining interest is the potential for sexing semen.  Pre-

selection of sex, coupled with artificial insemination, could bring a new scheme in raising 

livestock.  The dairy industry has little use for male offspring, while beef producers 

would benefit from producing mainly male progeny.  As the demands increase for more 

cost efficient ways to produce livestock, the advantages of finding a method to separate 

semen with regards to sex are numerous.     
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Need For Semen Separation 

Pre-selection of sex has been a highly sought after technique that could vastly 

improve the agricultural industry.  However, two main problems with the current 

technique are efficiency and cost.  Although sex pre-selection is currently used in the 

bovine industry, it is not as practical for use in the swine industry (Gerrits et al., 2005).  

To artificially inseminate a sow using the conventional technique, it takes about 2 to 3 

billion spermatozoa per insemination dose.  Unfortunately, this is a far higher dose than is 

allowed by the current sexing technology (Johnson et al., 2005).  However, a study by 

Krueger showed as few as 50 million sperm could be used to fertilize sows, using a deep 

intrauterine technique in which the semen was placed near the utero-tubal junction 

(Krueger and Rath 2000). In-vitro techniques can also be used to impregnate sows with 

sexed semen.  Rath and colleagues used in-vitro fertilization with sexed semen and 

subsequently embryo transfer in order to produce piglets of a predetermined sex (1999).  

As a result, six litters of female sexed semen exhibited 97% female population, while the 

three control litters produced 48% female piglets (Rath et al., 1999).   Although accurate 

in producing female offspring, sexing semen coupled with in-vitro fertilization and 

embryo transfer techniques are time consuming and labor intensive.  These setbacks 

make it difficult to use sexed semen in the swine industry.  However, with further 

advancements of low-dose insemination techniques or development of a better sexing 

technology, use of sexed swine semen may become more practical. 

One of the potential benefits of sexed semen in humans is the avoidance of X-

linked diseases.  The benefits of avoiding X-linked diseases in humans are numerous, 

however, it is difficult to separate sperm in humans using the current technology because 
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the difference in DNA content is 2.8%, which gives a reduced purity of only about 80% 

(Johnson et al., 1999). 

Starting in the early 20th century, several methods have been investigated in an 

attempt to separate sperm based on sex.  In 1925, there was an attempt to separate X and 

Y chromosomes without reference to DNA.  This primitive technique was based on 

centrifugation (Lush 1925).  The idea was that Y-bearing sperm head was slightly smaller 

than X-bearing sperm head and therefore the two could be separated by centrifugation.  

Unfortunately, when rabbits were artificially inseminated using this technique, the sex 

ratios did not prove to be significantly different (Lush 1925).   

During the late 1970’s, Moruzzi examined DNA content of X and Y 

chromosomes and found there to be a difference in DNA content, with the X 

chromosome having slightly more DNA than the Y chromosome (1979).  Since that time, 

researchers have mainly focused on separating sperm in regard to DNA.  The Beltsville 

Sperm Sexing Technology is currently the most widely used separation technique, but 

has been modified since its conception in 1987 (Johnson et al., 1987).  This technology 

began as a result of a modified flow cytometer cell sorter, allowing sperm to be separated 

based on DNA content (Johnson and Welch 1999) and over the years improvements have 

been made to make the technology more accurate and efficient. 

Currently, the way the Beltsville Sperm Sexing Technology works is sperm are 

treated with a fluorescent dye called Hoechst 33342, which dyes the DNA. The sperm are 

then passed through a specialized nozzle, which orients sperm at a favorable angle that 

allows the laser beam better access to the sperm.  Once the sperm come into contact with 

the laser beam, it reflects onto a 0˚ and 90˚ detector that sends the fluorescence 
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information to a histogram.  Depending on the fluorescence detected, the sperm are given 

either a positive or negative charge and will be sorted based on the charge given (Johnson 

et al., 1987).   The main improvements that have been made are a high-speed sorter and a 

different kind of nozzle through which the sperm flow (Johnson et al., 1999). 

  

Current Use For Electromagnetic Fields 

With the ever-increasing use of electronic technology, extremely low frequency 

(ELF) electromagnetic fields (EMF) have become a fact of modern life.  These fields are 

given off by all electronic devices, including high energy sources like power lines and 

microwaves, but are also found in low energy devices like cell phones (van Deventer et 

al., 2005).  With the abundance of ELF EMF within the environment of everyday life, the 

question has been raised as to whether or not these EMFs might be harmful to biological 

life forms (Sun et al., 2005, Wolf et al., 2005) and if not, do they have productive uses in 

agriculture and medicine (McCaig et al., 2005)?   

In recent studies it has been shown that EMFs may influence membrane enzyme 

activity.  Morelli and colleagues recently reported that ELF EMF caused a decrease in 

certain membrane enzyme activities.  When cells are introduced to an electromagnetic 

field of 75 Hz frequency and 2.5 mT amplitude, alkaline phosphatase, 

acetylcholinesterase, and phosphoglycerate kinase all significantly decreased their 

enzymatic activity (Morelli et al., 2005).  However, the phenomenon appears totally 

reversible whenever the electromagnetic field was removed, the enzyme activities 

returned to normal (Morelli et al., 2005).  
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Cell orientation of different cell types have also been shown to be affected by 

EMFs.  For instance, when exposed to a magnetic field, erythrocytes showed to be 

oriented in a parallel manner to the exposed field (Higashi et al., 1993).  In contrast, 

purple membrane halophiles orient in a fashion that is perpendicular to the magnetic field 

(Neugebauer et al., 1977).  Bull sperm also oriented in a similar fashion, with the whole 

body arranged perpendicular to the magnetic field (Emura et al., 2001).  The proteins 

embedded within the membrane bi-layer explain the orientation of these different types of 

cells.  Phospholipids contain a hydrocarbon side chain, which causes phospholipids-rich 

cell membranes to orient in a perpendicular fashion, while the alpha-helix of the 

transmembrane protein causes a parallel orientation (Emura et al., 2001).  In a similar 

study by Emura, whole sperm, as well as sperm heads and paramecium cilia, which have 

a similar structure to a sperm tail, were observed under the influence of an 

electromagnetic field.  Results indicated that whole sperm and sperm heads both oriented 

perpendicularly, while paramecium cilia oriented parallel to the magnetic field.  

Maximum orientation of whole sperm occurred under 1.5 T, while sperm heads and 

paramecium cilia oriented maximally at 1 T and 4 T respectively (Emura et al., 2003). 

Directional cell movement is important to tissue repair and wound healing and the 

body’s natural magnetic field plays a role in determining the direction in which tissue 

repairs itself.  Studies done previously provide evidence of EMFs inducing cell shape 

changes and wound healing, and although the mechanism through which this occurs is 

not yet known, it is thought to be regulated by calcium (Cho et al., 1999).  When Onuma 

and colleagues applied an EMF of 10 V/cm to mouse embryo fibroblasts, a positional 
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shift toward the cathode was noted, as well as an increase in intracellular calcium levels 

(Onuma et al., 1988).   

 

Harmful Effects Of Electromagnetic Fields 

While there are a number of potential uses for electromagnetic fields in bioscience 

and medicine (including semen separation), it is important to look at the potential side 

effects that might incur from EMF exposure.  Studies have shown conflicting evidence 

relating to magnetic fields and their effects on physiological systems.  For every study 

claiming EMF interferes with normal cell, tissue, organ or whole body function (McCaig 

et al., 2005), there is a contradictory study showing no change in cellular physiology or 

the activity of the cell.   

Genotoxicity and cytotoxicity are also potential problems of EMFs.  Conflicting 

studies demonstrate that cancer may or may not be a result of magnetic field exposure.  In 

1979 an article was published that indicated a higher frequency of cancer among children 

who lived in houses near electrical wiring configuration (Wertheimer et al., 1979) and 

several years later researchers showed that Swedish power plant workers who worked in 

a 400kV switchyard fathered children with increased congenital malformations 

(Nordstrom et al., 1983).  Recently, a study by Wolf and colleagues demonstrated that 

cell proliferation and DNA damage increased in response to a 50 Hz 1.0 mT EMF 

exposure in rat fibroblasts, as well as in diploid fibroblasts and leukemia cells (2005).  

These researchers also suggest that the action through which the damage takes place is 

through the formation of free radical species (Wolf et al., 2005).  Whether or not EMFs 

cause formation of free radical species could cause potential problems when exposing 
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sperm to EMFs.  Formation of reactive oxygen species (ROS) causes a lipid peroxidation 

reaction, which can induce damage to the phospholipids membrane (Sanocka et al., 

2004).   

In contrast, a study by Chow demonstrates that magnetic field exposure actually 

enhances repair of DNA.  Using E. coli XL-1 Blue, data indicated that DNA repair was 

enhanced when exposed to a EMF of 0.4 mT, 0.8 mT, and 1.2 mT and the mechanism 

through which this occurred was due to the overproduction of DNA J/K protein (Chow et 

al., 2000).   

 

Potential Effects Of Electromagnetic Fields On Reproduction 

In the United States, it has been estimated that as many as one-in-six couples 

trying to conceive a child will suffer from infertility.  Anything that could result in 

damage to the gametes (i.e. sperm and oocytes) is an area of concern.  With its known 

effects in other tissues, there is concern EMF may affect gametic cells as well.  However, 

when male germ cells were examined in mice exposed to magnetic fields, the percentage 

of chromosomal aberrations as well as the percentage of morphology abnormalities did 

not differ significantly between the control group and the group exposed to 60 Hz and 2.0 

mT magnetic field (Heredia-Rojas et al., 2004).  In another study, pregnant rats exposed 

to 60 Hz EMF during gestation showed no indications of offspring abnormalities of 

spermatogenesis or fertility.  Similarly, rats exposed to a 0.7 T static magnetic field 

indicated that sperm motility and maturation in the epididymus were not affected 

(Tablado et al., 1996).  
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On the contrary, other studies indicate that magnetic fields do in fact cause 

damage to male fertility.  For instance, in 2003 a study was published that demonstrated 

an increased number of germ cell apoptosis when continuously exposed to 0.1 mT to 0.5 

mT extremely low frequency electromagnetic field for 8 consecutive weeks for 24 hours 

a day (Lee et al., 2004).   A study by Ramadan and colleagues demonstrated the testicular 

toxicity effects due to electromagnetic field exposure.  One group of mice were exposed 

to a 20 mT EMF for 30 minutes per day, three times a day for 2 weeks and another 

exposure group received 20 mT exposure for 3 hours.  The results showed that in both 

exposure groups, total sperm count as well as sperm motility were significantly reduced 

when compared to the control.  Consequently, using coenzyme Q10 and L-carnitine, 

which are antioxidants, significantly reduced the detrimental effects of EMF exposure, 

demonstrating that these two antioxidants act as sperm protectors (Ramadan et al., 2002). 

 

Summary 

With these conflicting studies, researchers have yet to determine whether or not 

magnetic fields cause cell damage.  If in fact EMF causes cell damage, it is important to 

determine the magnitude at which this damage takes place and whether or not the 

advantages outweigh the risks.  The purpose of the following study was to determine if 1) 

sperm exposed to EMF in a gravity flow field would preferentially migrate toward the 

magnetic poles and 2) if momentary (< 2 hr) exposure of the cells to the field had any 

effects on routine semen parameters. 
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CHAPTER 3 

EFFECTS OF EXTREMELY LOW FREQUENCY 

ELECTROMAGNETIC FIELDS ON BOAR  

AND BULL SPERM PARAMETERS 

 

Abstract 

Alteration of cellular functions in magnetic fields is well documented. However, 

more recent data suggest that magnetism might be useful in detection of abnormal cell 

types due to their response to extremely low frequency electromagnetic fields (ELF-

EMF). The purpose of the following study was to determine if these observations in 

abnormal cells might be useful in semen selection and if sperm exposed to ELF-EMF in a 

gravity flow field would preferentially migrate toward the magnetic poles. Further, as 

earlier data from this and other laboratories have suggested detrimental effects of ELF-

EMF on cellular physiology, we wanted to determine if momentary (< 2 hr) exposure of 

the cells to the limited ELF-EMF had any effects on routine semen parameters.  Bull and 

boar sperm were exposed to an electromagnetic field of 6 mG in order to evaluate sperm 

migration and evaluate the possibility of separating semen based on sex, using ELF-EMF.  

Semen was deposited in a specialized plate in which two anti-parallel electromagnets 

were placed on the left and right side of the semen.  Using a microscope, sperm was 

evaluated by cell concentration, motility, and forward progression on the right, middle, 

and left side of the plate at times 0, 10, 20, 30, 40, 50, 60, 90, and 120 minutes of 

electromagnetic exposure.  While the design of the chamber made absolute calculation of 

concentrations impossible, no stark differences were observed in cellular concentration at 
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any time point. As expected, there was a significant decrease in boar motility and bull 

motility over time (P<.001) and (P<.014) respectively. However, there appeared to be no 

significant difference in boar motility (P=.224) or bull motility (P=.335) at any time 

between the three testing position in the chamber.  Similarly, forward progression 

decreased significantly over time in both species (P<.001).  However, there was no 

statistical difference (P=1.000) between the three testing positions at any time. These data 

would appear to indicate that, at least at this intensity level, magnetic fields have little 

effect on movement of sperm samples in culture and suggests that EMF alone would be 

of little value in a sorting protocol. 

 

Introduction 

In order to access the influence magnetic field on sperm cells in culture, a series 

of boar and bull semen samples were collected, processed and fed through a gravity flow 

chamber while being subjected to a right-angle magnetic field (Figure 3.1). 

 

Materials and Methods 

Equipment 

 Specialized plates were made prior to the experiment that allowed for sperm 

separation.  Plates were made with 3 separate compartments.  The outside compartments 

contained the magnets, while the inner compartment was designated for sperm flow.  At 

the bottom of the inner compartment, 2 dividers allowed for sperm to separate on the left, 

middle, or right side of the plate. This plate was placed on the stage of a microscope and 

the microscope was tilted at approximately 10 degrees to allow for the semen sample to 



gravitate toward the bottom of the plate, and to allow for sperm to migrate toward one 

pole or the other.  The magnets were placed on the right and left side of the plate and 

aligned in an anti-parallel fashion in order to generate a right angle magnetic field.  The 

two magnets were then attached to an electrical power source.  

 

(-) (+) 

Figure 3.1 Semen plate. Solid line represented direction of semen flow, and the dashed 
line the direction of magnetic current flow. 
 
 
 
Boar Semen Collection 

 A series of five porcine ejaculates were collected on different days from boars at 

the Texas Tech University farm in New Deal, Texas, for this experiment.  Members of 

the farm staff, using the gloved-hand technique, collected the samples under an approved 

IACUC protocol. After collection, the gel-free fraction volume of each sample was 

recorded and extended 2:1 with Androhep Semen Extender (Minitube; Verona, WI), 

which was prepared in advance and stored in a water bath at 37˚C. The samples were 

then evaluated manually for initial motility, forward progression, and concentration, on a 

Nikon Alphapot microscope equipped with phase optics (Nikon Inc.; NY, NY). Semen 

parameters were determined as follows:   

14 
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Concentration 

A slide designed to hold a measured volume of semen (3 microns; Microcell; 

Conception Technologies, San Diego, CA) was used along with an eyepiece micrometer 

to determine the concentration.  When viewed under the microscope at 100X 

magnification, the number of sperm in ten blocks of the micrometer (selected at random) 

is used to calculate the number of sperm per milliliter of an un-extended sample.  

Because the semen was extended at a 2:1 semen to extender ratio, it was necessary to 

multiply the observed count by three in order to calculate the actual concentration.  The 

concentration was recorded in number of sperm per milliliter of ejaculate.   

 

Motility   

 Using the same Microcell slide used for determining concentration, a total of one 

hundred sperm were counted using the 100X power.  The number of moving sperm per 

one hundred gave the percent motility.   

 

Forward Progression  

Forward progression of the motile sperm was evaluated using a five-point scale as 

follows:  5+ sperm moving rapidly in a forward direction across microscope viewing 

field (in approximately one second or less), 4+ sperm moving steady but slower in a 

forward direction across the microscope field, 3+ in a rapid side-to-side motion with slow 

forward progression, 2+ sperm moving in a side-to-side direction with no forward motion 

or in a circular or irregular pattern, 1+ sperm moving slightly side-to-side or in place with 

slight tail movement, and 0 no movement detected (Howard et al, 1986). 
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Bull Semen Collection 

A series of five bull ejaculates were obtained for this experiment from a private 

Vet Clinic in Lamesa, Texas.  The samples had been collected by electro-ejaculation as 

part of a breeding soundness evaluation.  After collection, the semen was extended 2:1 

with non-animal protein source (MPS) semen extender. This extender was a calcium 

based Lactated Ringers with 10% NPS protein.  In order to prepare the NPS protein, 1.5g 

of NPS powder was combined with 100mL of prepared calcium based lactated ringers.  

The solution was warmed in a water bath for 30 minutes at 37°C.  After the solution had 

cooled, it was filtered twice through several layers of non-sterile cotton gauze to remove 

excess particulate matter, and then additionally filtered through a 0.45 μm Nalgene filter, 

followed by filtration through a 0.22 μm Nalgene filter.  The final filtrate was then 

combined with the prepared lactated ringers media at a rate of 10%. Upon arrival to the 

lab, each sample was placed in a 4˚C refrigeration unit for 1 to 8 hours until each 

experiment could be performed.  Prior to experimentation, each sample was evaluated 

manually for initial motility, forward progression, and concentration, on a Nikon 

Alphapot microscope equipped with phase optics (Nikon Inc.; NY, NY).  Semen 

parameters were determined in the same fashion as the boar semen. 

 

Exposure to Magnetic Field 

The magnetic power source was turned on and 5 ml of warmed, extender was 

placed in the middle compartment between the two magnets.  This amount of extender 

was sufficient to cover the bottom of the plate.  At time 0, 0.25 ml of semen was pipetted 

at the center of the plate.  With the microscope field-of-view placed halfway between the 
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top and bottom of the plate, the motile and non-motile cells were counted on the right, 

middle, and left side of the plate. Counts were repeated at 10, 20, 30, 40, 50, 60, 90, and 

120 minutes.  At 120 minutes, motility and forward progression was evaluated at the 

bottom of the plate at the right, middle, and left side of the plate.  At this time, samples 

were taken from each location at the bottom of the plate, placed in cryo-vials and 

immersed in liquid nitrogen.   

Due to the design of the chamber, no absolute concentration value could be 

obtained during the experiment without direct sampling from the chamber. This would 

have disrupted the gravity flow. Therefore a comparative visual assessment of 

concentration was performed at each time point by observing for gross differences in 

concentration at the three observation points. 

 

Fish Protocol 

 Two of the frozen bull samples were evaluated using fluorescent in-situ 

hybridization (FISH).  One sample was a frozen sample collected from the left side of the 

semen chamber, while the other was from the right side.  The following 2-day protocol 

was used: 

Prior to day 1, all of the solutions were made according to the FISH directions.  A 

waterbath and slide warmer were preheated to 65˚C and the pepsin solution was allowed 

to warm to room temperature.  Also previous to day 1, an airtight container was pre-

warmed and humidified in a 37˚C incubator.  On day 1, 50 μL of sperm were placed into 

a bullet tube and 100 μL of solution A was added before centrifuging at 2000 rpm for 10 

minutes.  Supernatant was then removed and 50 μL of solution A was added.  Solution B 



18 

was then diluted with solution A at a 1:14 ratio, and solution C was diluted at a ratio of 

1:14 with HPLC water.  Next 5 μL of washed sperm was placed in a bullet tube and 5 μL 

of diluted solution B was added, and then the sample was incubated for 2.5 minutes.  

Afterward 5 μL of diluted solution C was added, the sample was incubated for 10 

seconds, and then 50 μL of 100% chilled ethanol was added. 

The slides were then prepared by placing 5 μL of decondensed sperm on a clean 

slide and then placed on the slide warmer.  After the sperm had dried on the slide, an 

etching pencil was used to outline the dried sperm.  The slide was incubated in 100% 

ethanol for 5 minutes, allowed to dry, and then checked for signs of degradation using a 

phase contrast microscope.  The slides were then incubated for 30 minutes in pepsin and 

then washed in 2XSSC solution for 3 minutes, followed by a wash in distilled water for 6 

seconds.  Next the slides were dehydrated for 2 minutes in each of the following 

solutions: 70% ethanol, 70% ethanol, 90% ethanol, 90% ethanol, followed by 5 minutes 

in 100% ethanol and then dried at room temperature. 

The slides were then baked at 65˚C for 30 minutes and then denatured in the 

denaturation solution at 65˚C for 1 minute, followed by incubation in ice cold 70% 

ethanol for 5 minutes.  The slides were again dehydrated for 2 minutes in each of the 

following solutions: 70% ethanol, 70% ethanol, 90% ethanol, 90% ethanol, followed by 5 

minutes in 100% ethanol and then dried at room temperature. 

Next chromosome paints were warmed to 37˚C, vortexed and centrifuged for 1-3 

seconds.  The probe was then denatured for 10 minutes at 65˚C for 1 minute and then 

held on ice.  In order for hybridization to occur, 10 μL of the probe was placed on each 

slide over the sperm location, the slide was covered with a cover slip, sealed with rubber 
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cement around the edges, and then placed in a humidified chamber and incubated 

overnight with no light at 37˚C. 

On the second day, stringency wash solution, 1XSSC solution, and detergent 

wash solution were pre-warmed to 45˚C.  The slides were removed from the incubator 

and placed in 1XSSC solution for 5 minutes at room temperature.  Next the rubber 

cement was removed from the slide, and the slide was returned to the 1XSSC solution in 

order for the cover slip to separate from the slide.   

After the cover slip was removed, the slides were washed twice by placing in 

stringency wash solution for 5 minutes per wash, followed by 2 washings in 1XSSC for 5 

minutes per wash, and then washed 3 times in detergent wash solution for 4 minutes per 

wash.  Next, 100 μL of working reagent D was placed onto each slide, covered with 

parafilm, and incubated in a humidified chamber for 15-20 minutes at 37˚C.  The slides 

were then removed from the humidifying chamber, the parafilm was removed, and the 

slide was washed 3 times for 4 minutes each in the detergent wash solution. 

The slides were then mounted by placing 50 μL of reagent MD on the cover slip 

and then placing the slide face down over the cover slip.  The slide was then blotted dry 

and the cover slip was sealed with 2 coats of nail varnish.  Once the varnish dried, the 

slides were viewed using epiflourescence filters for FITC and for Counterstain DAPI. 

 

Statistical Analysis 

 The statistical significance of motility and forward progression were analyzed 

using analysis of variance (ANOVA) using a complete block design with repeated 

measures. 



Results 

 As expected, the average motility of the five boar samples decreased significantly 

over time (P<.001), while exposed to an ELF-EMF (Figure 3.2).  This observation was 

thought to be more due to the experimental setup (observations being made at a specific 

location in the gravity flow chamber) than degradation of the samples. However, 

differences in motility between the three testing position were not statistically different 

(P=.224).   
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Figure 3.2 Average Boar Motility Over Time 

Forward progression of the boar samples also decreased over time and had initial 

forward progression of about 3+, but by the end of the 2-hour treatment, sperm indicated 

only slight movement (Figure 3.3). The decrease in forward progression was statistically 

different (P<.001), but no differences between testing positions were seen at any given 

time point (P=1.000).  Further, while the experimental apparatus made it impossible to 

obtain absolute concentration values, as expected, concentration in the field-of-view first 
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increased, then decreased as cell migrated down the chamber in response to the gravity 

flow. However, no gross differences were observed in sample concentration at any testing 

position, nor were the cells observed to orientate themselves in any particular pattern as 

the passed through the ELF-EMF. 
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Figure 3.3 Average Boar Forward Progression Over Time 

 As indicated in Figure 3.4, average bull motility also decreased significantly over 

time (P<.014), and there was no statistical difference of bull motility between the three 

testing positions (P=.335).   
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Figure 3.4 Average Bull Motility Over Time 

 Results of bull forward progression was similar to the boar, but did not have as 

great a degree of change from the initial time point to the 2-hour mark (Figure 3.5).  

However, the decrease in forward progression was statistically significant (P<.001), and 

at each time point there were no differences between the testing positions (P=1.000).    
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Figure 3.5 Average Bull Forward Progression Over Time 

 

Fish Results 

Preliminary observations for potential preferential migration of sperm toward a 

particular magnetic poll due to chromosomal content suggested there was no selective 

migration. Observations with fluorescent in-situ hybridization suggested almost an equal 

50:50 division of X:Y sperm at all locations. 

 

Discussion 

Our results indicated that the decrease in motility and forward progression over 

time was statistically different.  However, this result was expected due to the arrangement 

of our apparatus.  The plate was tilted at an angle allowing for the gravitational flow of 

semen from the top of the chamber to the bottom.  Therefore, the more motile sperm were 
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more likely to cross the observation point at an earlier time than were the less motile 

sperm.   

While previous research (Emura et al., 2003) has demonstrated sperm alignment 

in magnetic fields with a field strength of at least 1.5 T, the lack of statistical differences 

of motility between the three testing points, indicates that EMFs have little effect on 

sperm movement at the intensity level that was used, and when exposed to an EMF of 6 

mG, sperm do not tend to sort in any particular fashion. Additional testing will be 

necessary to determine a threshold field strength necessary to effect cell alignment. 

Further, it will be necessary to determine if that threshold value has any detrimental 

effects on cellular function. 
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CHAPTER 4 

CONCLUSION 

 

 Electromagnetic field effects on various biological systems have been 

investigated and indicate that magnetic fields have an array of effects on tissues and cells.  

Erythrocytes (Higashi et al., 1993), sperm (Fuhr et al., 1998, Emura et al., 2001, and 

Emura et al., 2003), membrane enzymes (Morelli et al., 2005), and bone tissue (Midura et 

al., 2005) are all examples of cells and molecules that are influenced by magnetic fields.  

Interestingly, previous studies have shown whole sperm to orient themselves 

perpendicularly to a magnetic field of only 1.5T, which is considerably less than the 6-7T 

is takes to orient erythrocytes and blood platelets (Emura et al., 2003).  In addition, 

paramecium cilia, which have analogous structures to sperm tails, will orient themselves 

in a parallel fashion to a magnetic field of 4T (Emura et al., 2003).  One would assume 

that because it takes a stronger magnetic field to orient paramecium cilia and 

consequently sperm flagella in a parallel fashion, the whole sperm would orient itself 

parallel instead of perpendicular.  However, according to Emura and colleagues, this is 

not the case, and it is their suggestion that the DNA in the head of the sperm offsets the 

diamagnetic anisotropy of the sperm tail (2003). 

 The results obtained from our data indicate that at 6 mG (0.6 μT) does not affect 

migration of sperm.  However, higher intensity levels, similar to those used to orient bull 

sperm may have the potential to allow for sperm migration.  Yet, the question remains, as 

to what intensity level will not affect motility and viability of sperm.  Recent work from 

this laboratory (Farooqi et al., unpublished) suggested that short-term (< 3 hrs) exposure 
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of sperm to field strengths of 250 mG (25 μT) resulted in decreased cellular activity. If, in 

fact, the EMF is raised to a higher intensity, it is important to take into account the 

damage done to the sperm.  

The search for a more costly and efficient way to sort sperm regarding sex 

continues with limited success.  Although the current method claims 90-95% accuracy 

when selecting for sex in livestock (Johnson et al., 2005), the cost and inefficiency of this 

method continues to burden producers.   
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