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ABSTRACT 

With one-in-seven couples requiring assistance to conceive, more and more 

semen samples are potentially being exposed to Electromagnetic fields (EMF) during 

processing.  EMF’s are present everywhere in society.  People are exposed to 

electromagnetic fields every-day.  Not only are there are natural electromagnetic fields 

that are found, which include thunderstorms and the Earth’s own magnetic field, but there 

are many man-made electromagnetic fields that many people are exposed to during both 

periods of work and leisure.  Examples of possible EMF producers would include the 

expected: X-ray equipment, laboratory equipment, and even computers, to the 

unexpected and used every-day: cell phones, hairdryers, and TVs. As defined by the 

World Health Organization, (WHO), an electric field is a field that is created by 

differences in voltages, and a magnetic field is a field that is created when electric current 

flows.  Once the sperm have been collected into the container, many samples are placed 

in an incubator to keep the sample warm until it can be analyzed or processed.  Samples 

may also have to be centrifuged as part of processing.  Both of these instruments give off 

an electromagnetic field.  In the present experiment, semen samples were exposed to the 

electromagnetic field that is given off by laboratory equipment (incubators and 

centrifuges) is enough to be detrimental to the sperm.  Six pig semen samples were 

obtained from the TTU swine farm in New Deal, TX.  Samples were processed and 

exposed to EMF consistent with the time a semen sample might be when processed.  The 

samples were then monitored for motility, forward progress and acrosome reaction at 

various times over 24 hrs.  Data analysis is pending.  Preliminary results do show that on 
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comparison of forward progression and motility, there is little difference between the 

centrifuge and the control.  If these experiments show any effect, there should be follow 

up studies done to see if the results can be reproduced and suggest changes labs can 

institute to lessen EMF exposure in the reproductive laboratory.    
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CHAPTER I 

INTRODUCTION 

 Advances in science and technology have dramatically increased the chance for 

exposure to electromagnetic fields (EMFs).  Common, everyday appliances have been 

shown to give off EMFs; possibly at levels high enough to cause detrimental effects 

(Table 1). 

 
         Table 1.  Common household appliance exposure fields at different distances 

Appliance Electromagnetic Exposure 

3 cm distance (mG)                          30 cm distance (μmG)   
Hair Dryer                  6 - 200                       0.01 - 7 

Microwave                73 - 200                       4-8 

Vacuum Cleaner                20 - 80                       0.08-9 

 

It is apparent that laboratories have numerous pieces of equipment that have the 

potential for EMF production and therefore EMF might create issues in cell, tissue and 

organ culture.  The equipment used for processing, which includes items such as the 

centrifuges, incubators, is also often used in reproductive laboratories to process sperm 

for assisted reproductive procedures.   

Previous research in this field has concentrated on studies in the whole animal by 

introducing EMFs into an animal’s environment and then sacrificing the animal and 

looking at the sperm in the testis.  In a study that examined the effects of extremely low-

frequency magnetic fields on fertility of adult male and female rats (Al-Akhras et al., 
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2001), it was found that when the rats exposed for 90 days to a frequency of 50 Hz, there 

was no effect on male or female fertility.  However, a later study by the same group 

found that when male rats were exposed to 50 Hz for 18 weeks, there was a decrease in 

the testicular sperm count, preputial gland weight and the seminal vesicle weight (Al-

Akhras et al., 2006).   

  As stated previously, assisted reproductive technologies (ARTs) are becoming 

more and more prevalent in both human and animal reproduction. It has been reported 

that one in seven couples will have to seek outside help with conception (Frey and Patel, 

2004). Further, ARTs are also used in animal husbandry to rapidly disseminate superior 

genes. The use of ARTs often exposes the gametes to laboratory equipment, equipment-

producing EMFs.  The objective of the present study was to determine if direct exposure 

of sperm to EMF fields consistent with laboratory equipment used in processing had any 

detrimental effect on cell physiology.    
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CHAPTER II 

LITERATURE REVIEW 

General Introduction 

Electromagnetic fields (EMFs), either man-made or naturally occurring, can be 

found anywhere on the earth. Natural fields can be generated in thunder and electric 

storms, and the EMF generated by solar radiation generates the magnetic fields that 

points a compass’s needle to the north and allows birds to migrate during the winter 

(WHO, 2006). According to the World Health Organization (WHO), the definition of an 

electric field is a field that is created by differences in voltages and a magnetic field is a 

field that is created when electric current flows (WHO, 2006). An electric field can exist 

with no current but a magnetic field must have the current flowing for it to exist. People 

are exposed to electromagnetic currents on a daily basis, and with the ever-increasing use 

of electronic technologies, electromagnetic fields are more prevalent in modern lives than 

most people would realize. Using electricity, listening to a radio, cooking with a 

microwave, even using a cell phone, all result in exposure to electromagnetic fields. A 

study done in United Kingdom homes looked at 226 common appliances during a six-

week period (Ainsbury et al., 2005). The authors found that the appliances had the 

highest reading of magnetic fields when measured closest to the source.  In medicine, X-

rays, MRIs and ultrasounds are used daily to diagnose injuries and scan for disease. 

  One ongoing controversy that is taking place in the current science and medical 

world is whether high power tension lines have a connection to cancer (Repacholi, 2003).  

There are theories that living under or near high power tension lines will cause leukemia 
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in children (Henshaw and Reiter, 2005 and Kabuto et al., 2006).  Some researchers have 

also proposed that high power tension lines can cause some forms of breast cancer 

(London et al., 2003).   A number of studies have been conducted to examine if 

electromagnetic fields contribute to the incidence of cancer or not (Kabuto et al., 2006, 

Repacholi, 2003 and Chui and Stuchly, 2005).    The majority of these studies have been 

done using cell culture or in animal models with few looking specifically at human 

participants (Bernabo et al., 2007).   

The WHO has also identified extremely low frequencies (ELF) as possibly 

carcinogenic, which means that there is evidence that is considered credible, despite 

inconsistent results (WHO, 2006).  More recently, a few studies have suggested ELF may 

cause a reduction in fertility (Makler et al., 1980 and De Vita et al., 1995).      

 

Cell Potential 

It is common knowledge that cells in the body are always communicating with 

each other, which is how the body is able to function on an everyday basis.  When there 

is a disruption in the communication sequence, there is usually a problem that will show 

itself in the body.  The way that the body communicates with itself is through channels 

and the types of channels that are present are ligand channels, gated channels and gap 

junctions.  There have been several mechanisms that have been proposed to explain how 

EMF-ELFs affect the targeted cells (Panagopoulos et. al., 2002).  Each cell has a trans-

membrane potential, which is the potential difference between the inner and outer 

surfaces of the cell membrane (Chui and Stuchly, 2005).  Ions, which are atoms that have 
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a net electric charge from gaining or losing an electron, are present on the cell membrane. 

These ions including; potassium (K+), chlorine (Cl-), and sodium (Na+) have an effect on 

volume, and play a role in signal transduction.  The ions themselves can create an electric 

field on both sides of the cells and channels usually help control the concentrations 

outside and inside the cell.  Ion differences and movement of ions are caused by 

concentration of the ions in and around the cell and voltage gradients that are present in 

the cell.  Studies have shown that these voltage gradients can possibly be affected by an 

outside electric field, like an electromagnetic field.  The external side of the cell is 

considered the membrane’s electrical potential, which is usually found to be more 

positive than the inside of the cell.  According to Panagopoulos et al. (2002), cation 

electrosensitive channel-proteins seem to be the main cause for the generation of this 

voltage gradient.  An outside source of electric field that is presented to the cell will 

cause a forced vibration on the ions that are present in and around this cell.  The ions, 

which already move on their own due to thermal activity, will start to move with the 

presented field and this can exert a force on the membrane channels.  The voltage gates 

will open and the balance of the cell will be upset with the movement of ions either 

entering or leaving the cell.  The normal state of the voltage-gated channels is determined 

by an electrostatic interaction.  It has been found that pulsed or oscillating fields will 

affect the voltage-gated channels more so than a continuous field will.  According to 

Panagopoulos et al. (2002), the most damage to the cells will be done when the electric 

field is “first applied, when it is interrupted or during the first and last periods.” 
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Cancer Connection 

The belief that electromagnetic fields cause cancer started in the late 1970’s with 

an article that looked that the correlation of cancer in children and high current-flow from 

electrical wiring (Wertheimer and Leeper, 1979).  Leukemia is a cancer that attacks the 

white blood cells, usually in the bone marrow.  A study done by Chui and Stuchly (2005) 

found that it is plausible for EMF from a power-line to cause cancer if sufficient electric 

fields are induced in the bone marrow.  In a study done by Kabuto et al. (2006), the 

authors looked at childhood leukemia and magnetic fields in Japan.  This study looked at 

children that were newly diagnosed with leukemia in Japan.  The authors looked at the 

background of each participant and magnetic field measurements were taken from several 

points in the child’s bedroom.  It was found that the highest level of exposure of magnetic 

field had a statistically significant association to Acute Lymphoblastic Leukemia (ALL) 

in children.  However, Follart et al. (2006), found that there was no statistically 

significant correlation between children that have been diagnosed with ALL and 

magnetic exposure.       

Another theory behind ELF causing cancer is a possible disruption in melatonin.  

The disruption in melatonin is thought to be a cause of breast cancer in women and 

leukemia in children.  It is thought that the ELF causes a disruption in the nocturnal 

secretion of melatonin from the pineal gland (Wills et al., 2005).  Melatonin is a protein 

that scavenges for free radicals in the body and is also considered an antioxidant.  Free 

radicals are found throughout the body and play a role in cell signaling among other 
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functions.  However, they can also be detrimental to the body; due to their interaction 

with the DNA found inside the body.  Free radicals that are found in the body can cause 

the DNA to mutate, disrupting the cell cycle and turn the cells carcinogenic.  This 

disruption, however, has to be severe enough to overcome the repair mechanism that the 

body has in place to recover from the effects of a DNA mutagen.  Melatonin is a protein 

that is thought to help protect the DNA from these effects that can occur from the free 

radicals.  There have been many studies performed that have shown that polarized fields 

will suppress the secretion of melatonin.  For example, Loscher et al. (1993; 1994) and 

Loscher and Mevissen (1997) have work supporting studies showing exposure to ELF 

resulted in increased incidence of mammary gland tumors in women (Henshaw and 

Reiter, 2005).  Melatonin also suppresses estrogen by the ovary and prolactin in the 

pituitary, so if there is a suppression of melatonin by ELF, then there will be an increase 

in estrogen, leading to an increase in cell proliferation.  There was an extensive study that 

was done on this theory, although the results obtained, contradicted those of the previous 

studies mentioned.  It was shown that there was no increase in the incidence of breast 

cancer in women constantly exposed to ELF.   

The other theory that melatonin disruption can influence leukemia in children 

goes back to the fact that melatonin is protective of the haemopoietic system.  There have 

been bone marrow cells that have shown to produce melatonin (Tan et al., 1999; Conti et 

al., 2000; Carillo-Vico et al., 2004).  The function of melatonin in the bone marrow is 

still unknown, but a suppression of melatonin by ELF could have implications that 

leukemia could form.  A reduction of melatonin in the leucocytic precursor cells would 
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be expected to enhance free radical-mediated DNA damage, thereby increasing the 

likelihood of these cells developing tumors.  There is no conclusive evidence to show that 

this theory is true.  There is another theory that leukemia is initiated in utero, or while the 

child is developing in the uterus.  However, studies have shown that a mother’s melatonin 

level will rise after 24 weeks of gestation and because the mother’s blood flow is shared 

with the fetus, the melatonin will travel through the blood stream of the developing fetus.  

Even though the mother’s melatonin levels increase during pregnancy, the hormone must 

go through two bodies and has a half-life of 45-60 minutes. This seems that the 

beginnings of ELF disruption in the bone could start in utero.  Kato and Shigemitsu 

(1997) showed that a prolonged exposure, days and even weeks, was required for a 

suppression of melatonin and this was at relatively low levels of EMF (Henshaw and 

Reiter, 2005).  Once the baby is born, however, it will not produce significant amounts of 

melatonin until it is about 6 months old (Henshaw and Reiter, 2005).  Once again the 

evidence found is inconclusive.  The exact mechanism of how the ELF effects the 

production of melatonin is unknown, whether it affects the pineal gland itself or if the 

effects are through an interaction with the retina.  What is known is that there is a 

reduction in the activity of the rate-limiting step in the production of melatonin.  

Suppression in N-acetyltransferase and hydroxyindole-O-methyl-transferase, which is the 

enzyme that produces melatonin, will lead to an increase in seratonin in the blood and a 

decrease in the conversion of seratonin to melatonin.  Studies have been completed that 

link melatonin to cancer.  
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Reproduction 

Studies were done to see if EMF has an effect on the development of the fetus.  In 

a study by Chung et al. (2003), the authors divided 96 mated female rats into four 

different groups, three magnetic field groups with strengths of 50, 833, and 5000 mG, and 

a sham control group.  The females were exposed and terminated on day 20 of gestation.  

The results of this study found that there were no notable changes in clinical signs of the 

dams.  There was no significant difference in the number of corpora lutea, implantations, 

resorptions, dead fetuses, litter size and placental weight in the fetuses.  The authors also 

found no significant difference in skeletal abnormalities.  In a study done by the Chung et 

al. (2004), the authors found the same results when exposing mated female rats to 

magnetic fields.  The authors divided 96 mated female rats into 4 groups, three of which 

were magnetic fields with the exposure levels being 50, 833, and 5000 mG, and a sham 

exposed group.  The females were exposed until day 21 of lactation.  The results again 

showed that there was no significant difference between the exposed and control of the 

fetuses and the dams.  This experiment also looked at F1 male fertility.  The males were 

sacrificed at 10 weeks of age and the results found that there was no significant 

difference in the sperm examination, which looked at morphology, number of spermatids 

present, and motility.  There was also no difference in copulation, fertility, and pregnancy 

of the F1 males.  In the F2 observation, there was no significant difference in the number 

of corpora lutea, implantations, resorptions, live and dead fetuses, sex ratio, and fetal 

weights.   
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There are many other studies that are being conducted to determine if ELFs have 

an effect on the body.  There are some studies that have been done on how ELF affects 

hormones, specifically sex hormones.  There have also been a reasonable amount of 

studies done on fertility and second-generation fertility of mice exposed to ELFs.  A 

study was done by Al-Akhras et al. (2006) to test the effects of electromagnetic fields on 

sex hormones and other parameters of adult male rats.  These 90 days old rats were 

exposed to a magnetic field of approximately 25μT given off by rectangular coils, 

approximately 50 Hz.  The animals were exposed for 18 weeks to this magnetic field.  

Body weight was taken at the beginning and the end of the experiment and blood samples 

were taken every 6 weeks with the first sample being taken right before exposure to the 

magnetic field with three other samples taken during the exposure period.  The left testis 

was excised from the body and homogenized and the sperm was read by a 

hemocytometer.  The authors found that there was no significant difference in the body 

and testis weight between the control and the exposed groups.  There was, however, a 

difference in the weight of the seminal vesicles, preputial glands and testicular sperm 

count.  Even though the study showed a significant difference in testosterone after 6 and 

12 weeks, there was no difference at the end after 18 weeks.  This experiment also 

showed an increase in serum levels of lutenizing hormone (LH), but this didn’t occur 

until after the 18 weeks of exposure.  The same authors previously mentioned, in 2002, 

conducted a study that looked at fertility in mice when exposed to 50 Hz for 90 days.  In 

this experiment, mice that were 60 days old were taken and exposed to 25μT, 

approximately 50Hz.  To test for male fertility, the males that were exposed were placed 
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with two unexposed virgin females for 10 days.  The females were killed 10 days later 

and their uteri were examined for pregnancy rate, total implantations, number of viable 

fetuses and total resorptions.  For the testing of female fertility, an exposed female and a 

control female were put into a cage with a viable unexposed male for ten days.  Ten days 

after the removal of the male, the females were euthanized and their uteri were examined 

the same as stated above.  In another side experiment, females and males were exposed 

again to the electromagnetic fields and at the end of the 90 days, both the exposed and 

their control counterparts were sacrificed and their reproductive tracts were weighed and 

compared.  The results of this study showed that there is no effect on the fertility of either 

the male or female mice.   

De Vita et al. in 1995 examined at the biological effects of 50Hz on male 

spermatogenesis in 8-10 week old male hybrid mice were used.  Six groups with five 

mice in each group were exposed to the EMF for two hours and another six groups with 

five mice in each group were exposed to the EMF for four hours.  The groups were 

examined at days 7, 14, 21, 28, 35, and 42 after exposure to the EMF.  The animals were 

sacrificed and the testes were examined and weighed.  The tunica was prepared for 

analysis.  Using flow cytometry, spermatogenesis was measured and it was found that 

exposure to two hours of EMF did not have an effect on spermatogenesis.  However, four 

hours of exposure did show a significant (P< .001) decrease in elongated spermatids.   

There have been few studies done on sperm after ejaculation; most have been 

done on sperm that has been excised from the testes after the animal has been euthanized.  

An early study that was done in 1980 by Makler et al. looked at motility, velocity and 
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survival of sperm when exposed to visible light, ultraviolet light, x-rays and high 

frequency radio waves.  Semen from both fertile and infertile men was used in this 

experiment.  Each sample was divided into the control and the exposed.  During the 

natural light testing, the sperm was exposed to light by a 40-watt light bulb for 24 hours 

and motility was recorded periodically for the exposed and control during the testing 

period.  The samples used for the ultraviolet light had two groups, which, included one 

group being exposed for thirty minutes with a control and the other group being exposed 

for four hours with a control, and motility was again periodically monitored during the 

exposure time.  The samples that were exposed to the x-rays were also divided into two 

groups, the first group being exposed for thirty minutes and receiving an average of 150 

rads, while the other group was exposed for thirty minutes again but receiving an average 

of 6000 rads.  Again the motility was monitored periodically during the exposure period 

and for four hours afterward.  The specimens that were exposed to the radio waves were 

exposed for 30 minutes to approximately .6 volt/cm and the motility was monitored 

during the thirty minutes of exposure and for four hours afterward.  The authors found 

that there was no significant difference in the exposed and control in the natural light, 

ultraviolet light and x-ray experiments.  The semen that was exposed to the radio 

frequency showed a significant decrease in motility.  This study shows that it is possible 

that both electromagnetic fields and radio waves may be detrimental to sperm motility.  

Saito and colleagues in 1999 examined the motility of human sperm after 

electrical stimulation.  Sperm was obtained from patients that were attending the 

infertility clinic.  The sperm was placed into a chamber that would expose the sperm to 
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electrical stimulation and the motility, velocity and linearity were measured.  It was 

found that during electrical stimulation of 80 V/2 mm the motility and velocity of the 

sperm decreased when it was near both of the electrodes.  However, when the electrical 

stimulation was finished, sperm would lose their motility when they swam near the 

electrodes.  When the electrical stimulation was 20 V/2 mm motility decreased 

significantly near the electrodes (P< .01).  In another study that looked at sperm motility 

when exposed to magnetic fields, male albino mice were exposed to approximately 0.7 T 

for 10 or 35 days for 1 hour or 24 hours a day (Tablado et al., 1996).  The sperm that was 

analyzed was taken out of the epididymis of the sacrificed animals.  The results showed 

that there were no changes in body weight, testicular weight or epididymal weight.  The 

authors found that there was no statistically significant difference between the control and 

the exposed.  The study showed changes in motility along the epididymis with the cauda 

epididymis having the highest motility.   

  In a study that looked at the steroidogenesis in the testis, the authors took male 

NMRI mice and exposed them to 1800MHz (Forgacs, 2006).  The study found a 

statistically significant correlation between the exposure and elevated testosterone levels 

and a higher red blood cell count in the exposed animals.  The Leydig cells showed no 

significant change in steroid activity and were considered viable.  The authors also found 

no alterations in the organs that were cultured or any difference in the body weight.  This 

study showed that it is plausible for an exposure to electromagnetic fields to increase the 

serum testosterone in a male.  However, a study that was done by Woldanska-Okonska 

et. al in 2004 showed that men who were receiving pulsating magnetic fields for chronic 
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lower back pain did not have a change in testosterone levels.  The men were divided into 

two groups, one group receiving magnetotherapy, exposure level of 40 Hz, and the other 

receiving magnetostimulation; exposure level 200 Hz, with the treatment lasting 15 days 

and each treatment was 12 minutes long.  The authors found a statistically significant 

decrease in LH with the magnetotherapy after one month, whereas the 

magnetostimulation has a slight increase in LH.  There was no change in the levels of 

follicle stimulating hormone (FSH) in either treatment. 
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CHAPTER III 

MATERIAL AND METHODS 

Introduction 

Only a few studies have examined the effects of EMF on sperm and reproduction 

in general.  A study by Tateno et al. (1998) exposed human sperm to an EMF current 

frequency of 50 Hz to determine if there was an effect on DNA.  They found that there 

was no increase in abnormalities of the structural chromosome formation found in the 

exposed semen when compared to the control.  There was a study done to determine if 

electroejaculation of humans affected sperm parameters (Saito et al., 1999).  Using a 

sinusoidal alternating stimulation with varied voltages, they found no change in motility 

of the sperm until a voltage of 160V.  However, sperm that were present at the either end 

of the electrodes have a lower motility.  Finally, a study by Ramadan et al. (2002) 

demonstrated that exposure of animals to 20 mT, 30 minutes per day for 2 weeks, 

reduced sperm count by 89.9%, and reduced sperm motility by 96.54%.  Further, acute 

exposure, 20 mT for 3 hours, also reduced the sperm count, this time only by 52.12%, 

and sperm motility by 82.96%.   

 
Preliminary Determination of EMF in Laboratory Equipment 

 
To determine average levels of EMF exposure a semen sample to be exposed to in 

a processing laboratory, a magnetometer was used to determine EMF strength in various 

equipment and the general laboratory environment. Electromagnetic field strength was 

found to vary between 2-100 milligauss in equipment used in semen processing (Table 

2). Further, measurements were taken on a common laboratory stirrer plate to be used 
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experimentally to simulate EMF found in the laboratory equipment.  Its field strengths 

varied between background and pegging the meter at values > 200 milligauss (mG).   

 
Table 2.  Electromagnetic Field Strengths Found in a  

Typical Reproductive Laboratory 
 

Laboratory Background EMF  2 mG 

Hood work surface 8 mG 

Centrifuge 36 mG 

Incubator 

Upper shelf 

Middle shelf 

Lower shelf 

 

86 mG  

32 mG 

2 mG 

 
Sample Acquisition and Preparation  

 
Thirty semen samples from six boars were collected from the Texas Tech Farm in 

New Deal, Texas.  A trained professional collected the semen using the gloved hand 

technique.  The sample was then extended using standard procedures and Androhep 

extension media (Minitube; Mt. Horeb, WI). The semen was then transported to the 

andrology laboratory at Texas Tech Health Sciences Center Ob/Gyn.  There it was 

analyzed for initial motility and forward progression.  If the sample met a minimal 

criterion of 50% motility with a manual forward progression of 3 (using a -5 scale 

defined below) the samples were entered into the experiments. Prior to experimentation, 

15 mL of the extended semen was transferred to a Falcon 110mm Petri Dish (BD; Sparks, 

MD). The Petri dishes were then exposed to experiments simulated EMF exposure levels 

seen in a centrifuge, and the top, middle and bottom shelves of the incubator during 

sample processing. There was also a negative control, exposing semen to environmental 
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levels of EMF (approximately 2 mG) and a positive control, where cells were exposed to 

an extreme (> 200 mG) EMF field.   

To simulate the EMF of the centrifuge, the magnetic stirrer plate was positioned 

in an incubator without a circulation fan (EMF 2 mG). The semen samples designated for 

centrifuge strength EMF exposure were positioned on a rack parallel to the stirrer plate 

and the plate’s stirrer function adjusted to produce an EMF of 36 mG at the plate. The 

plate was exposed to the field for 20 minutes (maximum centrifuge procedure), then 

transferred to the warmer plate used for negative control exposure.  

Simulation of incubator EMFs were accomplished using the same stirrer plate set 

up, with appropriate adjustment (2, 30 or 100 mG) and leaving the plates exposed to the 

field at 37 C for 24 h. As a positive EMF control, a plate of semen from each ejaculate 

was exposed to the stirrer set at the highest setting (> 200 mG; magnetometer pegged) for 

24 hrs.  

For the negative control, a petri dish was placed on a slide warmer that held a 

constant temperature of 37° Celsius.  The plate was previously demonstrated to have an 

EMF consistent with the laboratory background. The sample was cultured for 24 h and, 

except at sampling times, it was covered with a light tight to prevent light exposure.   

 
Analysis of the Samples 
 
 Once prepared, the samples were analyzed at times 0, 1, 3, 6, 9, 12, and 24 hours.  

Each dish was mixed to prevent sedimentation artifact and an approximate .25 mL aliquot 

taken for analysis of motility, forward progression and acrosome reaction as outlined 

below. 



Texas Tech University, Christine Barron, 12-2007 
 

18 
 

  Motility. Because motility is one of the major criteria used in evaluating the 

fertilizing capability of sperm, the percent motile sperm was recorded.  It is necessary for 

sperm to be motile in order to cross the zona pellucida and fertilize the oocyte.  Once 

motility is lost, the sperm lose the ability to fertilize an ovum without assistance from 

techniques such as Intercytoplasmic Sperm Injection.  Therefore, the logical end for the 

evaluations was when samples reached zero percent motility.   

 Using a Microcell slide and 100X power, a total of one hundred sperm were 

counted.  The number of moving sperm per one hundred gave the percent motility.  All 

counts were made manually.   

Forward Progression.  At each time point the 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.  

 Acrosome Reaction.  In order for sperm to be able to fertilize the oocyte, they 

must first undergo capacitation and the acrosome reaction.  This is a process where the 

acrosome cap of the sperm head dissolves and releases enzymes, which allow the sperm 

to bind to the zona pellucida of the oocyte.  Because the acrosome reaction must not 

occur until the sperm are in the proximity of the oocyte, it is desirable that the acrosome 
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caps remain intact while in culture.  Therefore, the percent of non-acrosome reacted 

sperm was recorded at each time point.   

Cells were fixed for later evaluation of the acrosome reaction using a 

Chlorotetracycline stain (Lee et al., 1987).  When viewed under a fluorescent microscope, 

equipped with a 520μm excitation filter and a 570μm barrier filter, the intact acrosome 

cap appears a fluorescent yellow (Figure 1).  If the cap was visible, the sperm had not 

undergone the acrosome reaction.  Both acrosomes reacted and dead sperm (sperm which 

have lost the selective permeability of their membranes) loose their acrosomal cap and 

therefore appear faded (Figure 2).   

 

                        

Figure 1.  Acrosomally Intact Sperm 

 

      

Figure 2.  Acrosome Reacted Sperm 
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 Slides were prepared by mixing .5 microns of semen with 1 micron of 

Chlorotetracycline stain.  A coverslip was placed on the slide and the slide was viewed 

immediately using oil immersion under 1000X power.  A total of one hundred sperm 

were counted and the percentage of non-acrosome reacted sperm was recorded.  Issues 

with cell fixation limited acrosome reaction measurements to the negative control and the 

centrifuge treatments. 

Statistical Analysis 
   
   The data was analyzed using the Statistical Program for the Social Sciences (SPSS ver 

12, SPSS, Inc; Chicago IL).  Treatments were compared to the controls using analysis of 

variance (ANOVA) with repeated measures over time. Further, comparisons of overall 

effects were made using ANOVA and Tukey’s mean comparison test. 
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CHAPTER IV 

RESULTS 

As expected, both motility and forward progression decreased with time 

regardless of treatment (P < .001). Due to technical difficulties (issues with fixation), 

acrosomes data was only collected for the centrifuge treatment verses the control. 

However, as also expected, intact acrosomes decreased with time (P < .001) regardless of 

treatment.   

The effects of EMF appeared related to field strength. The cells exposed to the 

extremely high EMF demonstrated a significant decrease in both motility (P < .001) and 

forward progression (P < .03) in as little as 3 hrs.  Concern was raised that the differences 

might have been due to heat generated by the stirrer plate. However, temperature 

measurements demonstrated that the temperature remained at 37 C + .5 over the course of 

the experiments. 
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Figure 3. Decreased motility due to continuous exposure to extreme 
electromagnetic field   (> 200 mG)  
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Figure 4. Decreased forward progression due to continuous exposure to extreme 
electromagnetic field   (> 200 mG)  
 
These data demonstrate that EMF can impact sperm physiological function and as 

the positive and negative controls for all subsequent experiments.  
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At lower field strengths, the effects of EMF appeared to be field-strength 

dependent (P < .001). Examining first the relationship of sperm physiology to EMF levels 

found in a common culture incubator, as might be expected, the closer to the EMF source 

(the circulating fan) the greater the effect (Figure 5; P < .001). Due to logistical issues, 

not all animals were represented in all treatments. Therefore, data were normalized by 

setting the motility at the time of sample collection to 100%. While all groups had time 

dependent decreases in motility (P < .001), only those cells cultured in EMFs 

approximating the upper shelf of the incubator (measured at approximately 15 cm from 

source with a EMF of approximately 100 mG) demonstrated a statistically significant 

decrease in motility compared to the control (P<0.001).  By comparison, cells cultured in 

the presences of EMFs equivalent to the middle shelf (measured at approximately 40 cm 

from source with a EMF of approximately 30 mG), or the bottom shelf of the incubator 

(measured at 70 cm with an EMF of approximately 2 mG) found to be similar to the 

control (measured as 2 mG).  
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Figure 5. Effects of Electromagnetic Field (EMF) equivalent to laboratory  
incubators on spermatozoan motility over 24 hrs of incubation 
 

 As with motility, the effects of EMF on forward progression (FP) were related to 

location relative to the EMF source. While all treatments demonstrated a significant 

decrease in FP over the 24 hour incubation period, cells incubated at equivalent EMF 

exposure as the top shelf decreased more rapidly when compared to the control (Figure 6; 

P < .001). There was a slight increase in forward progression during the first 3 hrs of 

incubation in cells on the lower shelf of the incubator. However, both those cells and the 

cells exposed to the EMF of the middle shelf were similar to the control at 24 hrs. These 

data support that EMF effects are field strength-strength dependent and suggest that most 

locations a typical culture incubator are safe for culture.  
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Figure 6. Effects of Electromagnetic Field (EMF) equivalent to laboratory 
incubators on spermatozoan forward progression (FP) over 24 hrs of incubation as 
measured on a 0-5 scale (0 -- no FP to 5 – hyperactivity) 

 

As outlined in the materials and methods, cells in the “centrifuge” group were 

exposed to an equivalent EMF for an equivalent length of time, without centrifugation, to 

prevent confounding factors from the G-forces.  As the EMF of the centrifuge was 

similar to the middle shelf of the incubator (36 verses 32 mG, respectively), and its 

exposure time was only one seventy-second of that of the incubator exposure time, few 

effects on motility or FP were expected.  In fact, data demonstrated no difference 

between the control and the centrifuge treatments over the 24 hour period (Table 3). 
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Table 3. Effects of Centrifuge Level Electromagnetic Fields on Spermatozoan 
Physiological and Biochemical Parameters 

     
 Trt Mean SEM P-value 
Normalized Control 

Centrifuge 
 

81.950 
75.545 

4.918 
5.702 

.111 

Motility Control 
Centrifuge 
 

56.050 
53.350 

3.673 
4.342 

.490 

FP Control 
Centrifuge 
 

2.875 
2.800 

.235 

.235 
.798 

Intact 
Acrosome  

Control 
Centrifuge 

74.700 
73.350 

1.659 
1.732 

.529 

 

Further, there were no differences in either motility or FP at any time point over 

the 24 hour period (Figures 7& 8). 
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Figure 7. Comparison of normalized motility of spermatozoa after exposure to 
EMF consistent with centrifugation (P = .111) 
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Figure 8. Comparison of normalized Forward Progression (FP) of spermatozoa 
after exposure to EMF consistent with centrifugation (P = .798) 

 

 However, it is possible that while short-term, low-level EMF has no immediate 

effect on spermatozoan physiology, it may cause changes in biochemical pathways, 

which will eventually lead to cell dysfunction. To access this, acrosome reactions were 

accessed at the end of the 24 hour period (Table 3). The data for the centrifuge treatment 

demonstrated little EMF effect on the acrosome pathway (P = .529) and suggest 

biochemical issues due to short-term, low-level EMF exposure. 

 Overall, the data suggest EMFs can affect spermatozoan function. However, the 

effects appear related directly to intensity of the field and the majority of the EMF fields 

in the reproductive laboratory appear to fall below this threshold.  
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CHAPTER V 

DISCUSSION 
 
 According to the American Society for Reproduction Medicine (ASRM),                                      

infertility affects approximately 10% of the reproductive age couples in the US (Source: 

National Survey of Family Growth, CDC 1995). Further, management of animal 

reproduction is relying more and more on assisted reproductive technologies (ART). 

With the increased use of ARTs to assist with conception, there is an increased chance of 

gametes being exposed to EMF during processing in equipment that gives off 

electromagnetic fields.  The present study found mixed results depending on the location 

of cells in relation to the EMF emitting source and field strength. There were no 

significant differences in motility, FP or acrosome reaction in cells exposed to EMF 

equivalent to those of the middle shelf, the bottom shelf and the centrifuge (EMF of 

approximately 2-40 mG) when compared to the control (average of 2 mG).  These results 

are in agreement with the study that was done by Tablado et al. (1996) that demonstrated 

that there was no significant effect of electromagnetic fields on sperm.   However, cells 

cultured on the top shelf, with an approximate EMF of 100 mG, had decreased motility 

and FP. These results agree with those of a more recent in vitro study by Bernabo et al. 

(2007) that found that electromagnetic fields do affect sperm motility.    

 The limited analysis of the acrosomes showed that there was no statistical 

difference between the exposed and the control cells.  While there was, however, a slight 

treatment by time decrease, this was not statistically significant though.  This conflicts 
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with the findings of Bernabo et al. (2007) who found changes in reacted numbers of boar 

semen that had been exposed for 1, 2, and 4 hours.  

 With these results, other factors should be taken into account.  Several studies 

have examined the relationship between EMFs from high-tension wires and cancer (Chui 

and Stuchly, 2005; Kabuto et al., 2006).  Other studies have examined employees who 

are around EMFs on a daily basis (Sakurazawa et al., 2003).  While these individuals may 

not be exposed to the levels that are given off by the high tension power lines, the studies 

suggest they are being exposed to EMF capable of producing potentially harmful.  

Together the present study and other studies with single cells (Luo et al., 2006) suggest 

care should be taken when using lab equipment to process gametes.       

With electromagnetic fields becoming more prevalent in today’s work and home 

environments, precautions may need to be taken to avoid EMF to improve fertility.  The 

results of the present study suggest technicians in human and animal reproductive labs 

should take care when analyzing and processing sperm to avoid inadvertently exposing 

semen to detrimental electromagnetic fields.  Since motility, forward progression and in- 

tact acrosomes are all needed for fertilization of the egg, any effects of electromagnetic 

fields that potentially limit cell function could also negatively impact the sperm’s ability 

to do what it is made to do, fertilize the egg.  Given the inconsistent findings of this and 

previous studies, further studies should be run to corroborate these findings and establish 

the range of EMF which can be safely used in the ART laboratory.   
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