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ABSTRACT 

 

Bovine seminal parameters (motility, forward progression, and acrosome 

reaction) were tested using three different collection methods.  To represent a traditional 

collection method, one method collected into a dry, standard 15 mL conical tube.  The 

other two collection methods utilized the revolutionary technology patented under the 

trade name BreedMaXtm; one dry BreedMaXtm (designated as BreedMaXtm-) tube was 

used, and one BreedMaXtm tube as designed was used (designated as BreedMaXtm+).  

BreedMaXtm was developed with the intention of allowing the breeder to breed with less 

semen to obtain more breedings from a single ejaculate.  The collected data suggest that 

presence or absence of media in the BreedMaXtm appeared to have little effect on motility 

and forward progression; yet there was a trend toward delayed acrosome reaction in the 

BreedMaXtm+.  The results of this study suggest that the BreedMaXtm+ maintains semen 

parameters for longer periods of time as compared to the conventional collection 

techniques.   
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CHAPTER 1 

INTRODUCTION 

 

It is generally thought that the first use of artificial insemination (AI) dates to 

the 1300’s.  It is widely believed that during that time period, Arabian horse breeders 

bred the mares of rival tribes with semen from poor performing stallions (Bearden et 

al., 2004).  They may also have been the first to employee AI transfer for herd 

improvement, transferring semen from superior animals of rival tribes to their own 

mares. 

 The first documented case of artificial insemination was by the Italian 

physiologist L. Spallanzani (Bearden et al., 2004).  In 1780, he successfully 

inseminated a bitch, which gave birth to three puppies 62 days later.  His successful 

insemination paved the way for further research regarding artificial insemination.  

However, early studies demonstrated that to have any chance for success, unprotected 

semen had to be used no later than eight hours post-ejaculation (Palmer, 1984).  

Therefore practical application of AI had to await the development of semen 

extenders and cryopreservation. 

Semen extenders were developed to extend the life of spermatozoa by 

providing the cells with an improved post-collection environment, including: 1) 

nutrients with an energy source, 2) buffers for pH protection, and 3) cryoprotective 

agents to allow cooling to 5oC (Hamilton and Waites, 1990; Cornelis Van Dop, 1977; 

Phillips and Lardy, 1940; Prien, 2005).  Although not part of the original design, the 
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use of extenders has also allowed breeders to obtain multiple breedings from a single 

ejaculate (Pickett, 1975).   

Spallanzani is also credited with being the first to understand the relationship 

between temperature and sperm movement (Bearden et al., 2004).  In 1803, he 

demonstrated that by exposing spermatozoa to snow it was possible to render them 

motionless until they were exposed to heat, which would then cause them to regain 

motility.  His discovery led to the idea of cryopreservation, a seminal freezing 

technique.  Cryopreservation allows breeders to freeze semen samples so that they 

may be used days, weeks, even years later by maintaining enough cellular motility 

and biochemical function to achieve pregnancy. 

While extensive experimentation has continued to improve extenders and 

cyroprotection, it has also been necessary to develop a means of collection for each 

species.  These collection techniques often include the use of an artificial vagina 

(AV).  The first artificial vagina was invented in 1914 by human physiologist 

Giuseppe Amantea and was designed for collecting dog semen (Taylor and Field, 

2001).  His creation led scientists to create other artificial vaginas for stallions, bulls, 

and rams (Taylor and Field, 2001).  The AV usually provides an environment of the 

right temperature and rigidity to simulate the female’s vaginal vault.  The distal end 

of the AV is attached to a collection vessel where the semen is collected. 

As stated above, past research has created collection environments to induce 

the males to provide high quality samples and post-collection processing has 

extended the useful life of those samples from hours to days or beyond.  However, 

until recently, in most species little care has been taken to protect the sample at the 
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time of collection.  The typical collection vessel is either a plastic or glass container 

which may or may not be warmed prior to specimen collection.  Recent work from 

this laboratory resulted in the development of a new collection vessel which provides 

an optimal collection environment by: 1) limiting exposed surface area, 2) 

concentrating the sample to maximize internal volume while minimizing total surface 

area, 3) providing a buffering agent to limit shifts in pH and 4) providing nutrients.  

These qualities allow the sample to maintain its temperature, pH and osmolarity.  The 

system has been developed under the trade name BreedMaXtm.  The BreedMaXtm is a 

semen collecting receptacle meant to enhance semen quality.  Past studies have 

shown improved semen parameters and pregnancy rates as compared to collections 

into traditional technologies.  In theory, by using this revolutionary technology, the 

breeder should be able to breed with less semen, thus giving the possibility for more 

breedings from a single ejaculate.  The purpose of the present study was to test semen 

parameters of bovine spermatozoa collected into the BreedMaXtm under a variety of 

collection conditions and to compare the results to semen collected in a more 

traditional manner. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Review of the Male Reproductive System 

 While sperm cells are the functional gametes of the male, both their anatomy 

and physiology are dependent on the proper formation by the male reproductive 

system.  Therefore a review of the male reproductive system, focusing on the research 

animals for the present study – the bull, would appear to be appropriate.  In mammals, 

the penis serves as the organ of copulation and acts as a passageway for semen and 

urine.  In general, it is composed of spongy, erectile tissue that fills with blood during 

sexual stimulation, which then causes it to become rigid and erect.  However, 

anatomy varies widely between species.  For example, the penis of the stallion is 

vascular in structure, while the penis of the bull has a fibroelastic structure (Taylor 

and Field, 2001).     

 The spermatic cord, not only supplies the gonads with blood and their nervous 

system support, but also allows the two testicles to hang suspended in the scrotum, 

away from the body to aid in tissue temperature regulation.  Being involved in both 

spermatogenesis and testosterone production, the testicles play a very important role 

in reproduction.   

Sperm cells are produced in the seminiferous tubules and testosterone is 

produced in the Leydig cells (also known as interstitial cells), which are the cells 

located between the tubules (Taylor and Field, 2001).   
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Sperm cells travel through a ductal system within each testis and empty into 

the epididymis.  The epididymis is meant to concentrate, store, transport, and 

facilitate the maturation of spermatozoa.  At ejaculation, cells will empty into the vas 

deferens that will eventually come together at the urethral canal and combine with 

seminal fluid.  The urethral canal extends from the vas deferens through the penis to 

the outside of the body.  Stallions and bulls, amongst other species who ejaculate 

rapidly, have an ampulla that forms on the upper end of the vas deferens (Taylor and 

Field, 2001).   

Semen is composed of spermatozoa and seminal fluid from the accessory 

glands.  The ampullae, seminal vesicles, prostate, and bulbourethral glands are known 

as the accessory glands and their functions are to add volume and nutrients to the 

seminal fluid (Taylor and Field, 2001).   

The amount of semen produced in a single ejaculate can be determined by 

various factors.  One obvious factor is specie, with each species having an average 

ejaculate volume (Evans et al., 1977).  A second factor that tends to have a major 

influence is the season.  During the nonbreeding season for stallions, semen volume is 

reduced by roughly 40% and total number of spermatozoa is reduced by about 45%.  

However, if the animal is collected too frequently, the total number of sperm cells per 

ejaculate will decrease (bulls may be collected twice daily, two day per week; 

stallions may be collected every other day).  Further, age can play a role in semen 

volume and total number of spermatozoa per ejaculate; it is also tied to gel-free 

volume and pH.  As the animal ages, the acrosomes of the sperm cells will begin to 

loosen from the nucleus (Taylor and Field, 2001; Bearden et al, 2004).  Yet, age has 
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little influence on gel volume, motility, and concentration.  Scrotal circumference is 

also said to be correlated with daily sperm production.  An average measurement for 

a stallion is between 80 and 120 mm (Evans et al., 1977), and an average 

measurement for a bull is about 33.7 +/- 0.3 cm. (Kastelic et. al, 2001).   

The spermatozoa cells themselves are composed of three standard regions: the 

head, neck, and tail.  The head, surrounded by a plasma membrane, is composed of a 

nucleus that contains the genetic material for future offspring (Bearden et al, 2004).  

It is covered anteriorly by the acrosomal cap and posteriorly by the postnucular cap.  

The acrosome contains the enzymes that penetrate the corona radiata and zona 

pellucida for fertilization to occur.  Should it be malformed, damaged, or absent, the 

cell will not be able to fertilize the ova (Taylor and Field, 2001; Bearden et al, 2004).  

The neck contains the proximal centriole, microtubules, the capitulum, and striated 

columns.  Used as a locomotor system, the tail is made up of the middle piece 

(considered to be the energy source), the main piece, and end piece.  It also 

determines the degree of cellular rotation. 

Four major criteria exist for evaluating semen.  They are volume, 

concentration, motility, and morphology.  The greatest output of seminal volume is 

during the breeding season and is dependent primarily on the specie, but can also be 

dependent on the individual male.  For example, a stallion’s ejaculate is, on average, 

10 to 20 times greater than that of a bull.  Individual bulls have volumes between 2 

and 12 mL. 

Concentration, which is expressed as the number of sperm cells per mL or as 

the total number of cells per ejaculate, is often documented for each ejaculate to allow 
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the breeder to split the sample into the maximum number of breedings.  In bulls, 

concentration averages about 1.2 billion cells/mL (Bearden et al, 2004).     

Motility is expressed as a percentage of cells that are moving under their own 

power through locomotion of the tail.  The speed of sperm is known as the rate of 

motility, or forward progression, and is often judged on a scale of one to five (one is 

equivalent to the tail moving with no cellular movement, and five is equivalent to 

hyper fast movement) (Prien; 1991).  While breeding potential is not typically 

affected by season, motility is said to be lower during the winter months.  Normal 

motility for bull semen samples is greater than 60% (Bearden et al., 2004).  

Morphology is important because deformed sperm cells (i.e. deformed heads and 

tails) tend to be incapable of fertilizing the ova (Evans et al., 1977).  In the bull, 

normal morphology has been reported as greater than 40% normal cells (Hafez, 

1987). 

 

Collection Techniques 

 The first reported use of artificial insemination (AI) was by Arabian horse 

breeders in the 1300s.  While this case was not directly documented, it is said that 

rival tribes stole worthy stallion semen from one another to breed their own mares, 

and would also steal semen from poor performance stallions to secretly breed the 

mares of their rivals.   

The first documented and successful case of AI, however, was by Italian 

physiologist L. Spallanzani in 1780.  He was first successful with several amphibians 
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prior to experimenting with the dog (Bearden et al., 2004).  He used semen at body 

temperature to inseminate a bitch, which gave birth to three puppies 62 days later.   

Today, AI is utilized for several reasons.  A primary reason is for genetic 

improvement, which produces a more accurate evaluation of a male’s ability to 

transmit his genetics and greater use of superior germ plasma (Bearden et al., 2004).  

This allows multiple breedings of females from a single sire in a single day, or using 

the techniques of extension or cryopreservation to use the samples days, weeks or 

even years later (Hughes and Loy, 1970).  Coupled with other techniques, AI also 

permits the sexing of semen upon collection so that more offspring of the desired sex 

(i.e. females for the dairy industry, or more males for the beef industry) can be 

produced (Faber et al., 2003).  Cryopreservation also allows the use of semen long 

after the sire’s death.  Artificial insemination is also used as a treatment of infertility 

in humans and species like the horse, where genetic traits are prized on natural 

reproductive potential.  

Many authors consider AI safer than natural mating for the females involved 

(Bearden et al., 2004), and other studies have shown it is more economical than 

having to purchase replacement animals (Bearden et al., 2004).  Further, prevention 

of direct contact between the animals lessens the chances of disease transmission.  

This risk of disease transmission is further lowered by the ability to test animals prior 

to their entry into an AI program and the addition of antibiotics as part of the media 

used in sample preparation. 

However, AI requires that special facilities be built for corralling and 

inseminating.  While these facilities are important for the technician’s safety, they can 
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be quite costly.  Heat detection will also prove to be a time consuming, and often 

disappointing, chore.  Further, it is important to remember that not everyone is trained 

to artificially inseminate and without the proper training, conception rates are 

drastically decreased (Lopez-Gatius; 2000).   

 One of the earliest methods for artificially inseminating cows was vaginal 

insemination (Bearden et al., 2004).  It was accomplished by inserting a tube into the 

vagina and depositing semen at the mouth of the cervix.  However, it proved to have 

low conception rates, so a new technique was needed. 

 After the failed vaginal insemination technique, cervical insemination was 

developed (Bearden et al., 2004).  This was done by inserting a sterile speculum into 

the vagina and using a light source to guide the catheter into the opening of the cervix 

for semen deposition.  This method can be time consuming in that it requires all of 

the equipment used to be sterilized between inseminations.  While this method is 

superior to the vaginal method (10-12% better), it still did not give desirable 

conception rates. 

 Today, we utilize the recto-vaginal insemination technique (also known as 

cervical fixation) for breeding cows (Bearden et al., 2004).  For this, the technician 

wears a shoulder-length palpation sleeve lubricated with surgical jelly and inserts 

their arm into the rectum of the cow.  The gloved hand locates and grasps the cervix, 

and the catheter is inserted through the vulva into the vagina until it contacts the 

cervix. The non-gloved hand controls the catheter and guides it into the cervix and 

through the cervical channel.  The technician should stop when the catheter reaches 

the anterior end of the cervix, and then pull slightly back so that semen may be 
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deposited in the cervix and not just beyond it.  Of all the methods for artificially 

inseminating cows, this method produces the highest conception rates. 

Collecting semen from different species requires different collection 

techniques.  Such methods include the use of an artificial vagina (AV), 

electroejaculator, digital manipulation (gloved-hand method), and masturbation 

(Taylor and Field, 2001; Johnson and Prien, 2002, 2003; Johnson et al., 2004; Prien 

and Johnson, 2006).  For the purpose of this study, an electroejaculator and artificial 

vagina were used for bull collection. 

 The earliest AV was invented in 1914 by Giuseppe Amantea, a human 

physiology professor at the University of Rome, for collecting dog semen (Taylor and 

Field, 2001).  Due to his innovative invention, Russian scientists began to mimic his 

idea to create different models that would be species specific for the stallion, bull, and 

ram (Taylor and Field, 2001).  Modern-day AV’s consist of a narrowed rubber tube 

that has been lubricated for placement of the male’s penis.  An attached collecting 

receptacle is located at the narrowed end of the tube to catch the ejaculate.  The body 

of the AV is what actually simulates the female’s reproductive tract.  To accomplish 

this, warmed water can be used as a temperature and pressure source, and lubricant is 

used to create a moist environment like that of the female reproductive tract.   

 In the late 1940s, the electro-ejaculator was developed for collecting semen 

from bulls and rams (Taylor and Field, 2001).  An electroejaculator is a device that is 

inserted rectally into the sire above his accessory glands.  An electrical current, 

ranging from 0 to 30 in voltage with low amperage of 0.5 to 1.0, is used to stimulate 

the nerves which cause ejaculation.  The device itself is made up of a bipolar 



 11 

electrode and a source that allows the collector to alternate the current to be passed 

through.   

 Semen is collected into a collecting receptacle attached at the end of the AV.  

Traditionally, the ejaculate was collected into a dry container (plastic or glass) and 

media was added soon after collection (Johnson and Prien, 2002, 2003; Johnson et al., 

2004; Prien and Johnson, 2006).  While this method is still being practiced, new 

evidence suggests that adding body temperature media to the collecting receptacle 

prior to collection is superior in that it will help to prevent temperature and pH shock 

(Johnson and Prien, 2002, 2003; Johnson et al., 2004; Prien and Johnson, 2006). 

The sooner the semen sample is used to inseminate a female, the higher the 

conception rates (Palmer, 1984). Fresh semen that is used within eight hours post-

ejaculation will produce results that are similar to those from natural mating.  The 

addition of specie specific extension media can extend this time period from hours to 

a few days in most species, and cryopreservation may facilitate cells to be viable for 

years or even decades (Hafez, 1987).  When using frozen semen, the breeder should 

make certain that an estrus female is being bred (Palmer, 1984).   

 Much like the cold shock experienced by plunging a semen straw into a liquid 

nitrogen tank, spermatozoa will also experience a temperature shock when leaving the 

male and being deposited into the collecting receptacle (Tao et al., 1995).  Outside air 

temperature plays a vital role in what temperature the spermatozoa will be exposed to.  

Keeping the collecting receptacle in a warm incubator is helpful, but not full-proof in 

preventing shock.  For mice spermatozoa, collecting into a receptacle that is 22ºC 
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(room temperature) is a more desirable temperature for motility than a range of 0-4ºC 

(Tao et al., 1995).     

 Changes in pH can also be influential on the motility of spermatozoa (Phillips 

and Lardy, 1940).  An optimal pH level is 6.75, but falling within a range between 6.5 

and 7.8 is considered acceptable.  It has been reported that a higher pH will increase 

sperm survival (Phillips and Lardy, 1940).  However, other studies have shown the 

addition of fresh buffers alone to maintain the level of pH will not extend sperm 

survival (Phillips and Lardy, 1940). 

 Currently, there exist no guidelines for the exact amount of extender to be 

added to the ejaculate.  However, if the mixture is too heavily concentrated with the 

extender, known as the “dilution effect,” it could actually be harmful to spermatozoa 

(Varner et al. 1987). 

 

Semen Extenders 

Seminal extenders (or diluters) are used to lengthen spermatozoan survival, 

improve fertility, increase the amount of semen to be used for multiple breedings, and 

provide needed nutrients.  Without them, semen would need to be used very soon 

post-collection. 

 In the early 1900s, the art of artificial insemination was on the rise but facing 

a problem in semen preservation.  At the time, semen had to be collected and used for 

insemination that same day.  This led Phillips and Lardy to discover a buffered, 

nutrient medium that would increase the longevity of semen for up to three or four 
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days (1940).  Their creation was a yolk-phosphate diluter that protected spermatozoa 

from cold shock.   

 For reasons previously mentioned, semen extenders are an absolute necessity 

for semen that is to be used at a later date, as well as for semen that will be used soon 

after collection.  Semen extenders can be broken down into three main classes 

depending upon specie.  These classes are egg yolk, milk, and serum albumin 

(Bearden et al., 2004).  Egg yolk or serum albumin based extenders may be added to 

canine and human semen (Hafez, 1987; Bearden et al., 2004).  However, bovine and 

ovine semen calls for only egg yolk based extenders. Serum albumin extenders are 

used primarily for porcine and exotic animals (Bearden et al., 2004). Finally, milk 

based extenders, such as skimmed milk and cream-gelatin, are used for equine 

extenders. (Pickett et al., 1975; Evans et al., 1977). 

 A protein source is added to extenders as a means of aiding in the metabolic 

process.  Egg yolk and milk are excellent sources of protein for metabolizing after 

spermatozoa are exposed to extreme cold.  They also play a key role in protecting 

spermatozoa from cold shock (Blackshaw and Salisbury, 1957).   

Simple sugars, such as fructose, glucose, sucrose, sorbitol, and pyruvate, are 

included in the mixed extender for the purpose of adding energy to the semen sample 

(Hamilton and Waites, 1990; Van Dop ET AL., 1977; Bearden et al., 2004).  

Fructose, however, is the energy substrate of choice due to the anaerobic conditions 

of storage and the aerobic conditions of the female reproductive tract.  This is because 

of the relatively easy way in which sperm cells can metabolize fructose to pyruvate.  

Spermatozoa will metabolize pyruvate to produce ATP through mitochondrial 
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oxidation; and spermatozoa that utilize pyruvate will maintain high NAD+/NADH for 

energy production.   

 Often times more semen is collected than will be used in that day.  For this 

reason, a method of storing semen became a necessity.  In 1803, Spallanzani reported 

that sperm could be cooled until a later use.  He documented that using snow to cool 

spermatozoa would not kill them, but simply render them motionless.  Once exposed 

to heat, the sperm would regain motility again for several hours.  One study involving 

mouse spermatozoa showed that the thawed straws of spermatozoa that were 

collected in the cold had higher motility rates than the spermatozoa that were 

collected at 22ºC (Tao et al., 1995).  For some species, such as humans and bovine, 

cryopreservation has little effect on motility, making them ideal for use at a later time.  

 Because cryopreservation exposes semen to such extreme cold, spermatozoa 

are at risk of becoming nonviable due to damaged membranes, metabolic imbalances, 

and osmotic shock, all of which can be associated with ice crystal formation.  As a 

preventative method, adding glycerol, sucrose, or egg yolk to the medium prior to 

preservation may help to minimize cellular damage.  When glycerol is added, less ice 

is formed at any given temperature.   

It is of high importance that the male’s penile sheath be cleaned prior to 

collection to prevent debris and microbes from entering the semen sample.  Microbial 

contamination was first brought to attention in 1941 (Bearden et al., 2004).  Shortly 

thereafter in 1946, antibiotics were added to semen diluters.  Commonly used 

antibiotics are penicillin and streptomycin, which are used separately.  Antibiotics can 
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also be used in combination such as Gentamicin, Tylosin, and Linco-Spectin (Hafez, 

1987).   

As this review of the literature demonstrated, while artificial insemination has 

been used commercially for almost 100 years, there is still significant room for 

improvement of the technique.  Recently, this laboratory developed a new collection 

system which has been developed commercially into a device named the BreedMaXtm 

(Johnson and Prien, 2002, 2003; Johnson et al., 2004; Prien and Johnson, 2006).  The 

purpose of the present experiment was to further explore the use of the BreedMaXtm 

collecting receptacles for the bovine species, focusing on its effects on semen 

parameters and biochemical activity. 
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CHAPTER III 

MATERIALS AND METHODS 

 

Study Design 

Semen samples were collected from twelve bovine donors by 

electroejaculation from the R.A. Brown Ranch in Throckmorton, Texas on a single 

day in July, 2006.  The samples were collected using a Y-shaped splitter (developed 

in this laboratory specifically for experiments with these devices) connected to the 

end of an artificial vagina (AV) to produce a true split ejaculate.  The splitters were 

prepared in one of two ways.  The first of the splitters was attached on one side to a 

BreedMaXtm tube, previously prepared as outlined in the instructions described 

below, and on the other side to a standard 15 mL dry conical test tube.  The second 

group of splitters was attached on one side to a BreedMaXtm tube as intended for use 

(with fluid), which will be designated as BreedMaXtm+, and the other side was 

attached to a BreedMaXtm tube with no fluid, which will be designated as 

BreedMaXtm-. The twelve animals collected were part of a breeding soundness check 

and were run through the collection chute at random.  Collections were alternated 

between splitter types, starting with the BreedMaXtm+/ BreedMaXtm- used on the first 

animal and all subsequent odd numbered animals, and the BreedMaXtm+/Control (test 

tube) splitters used on even numbered animals. 
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Preparation of BreedMaXtm Collectors Using  
Manufacturer Recommendations 

 As described in the introduction, the BreedMaXtm is a patented (#6864046) 

device developed at Texas Tech University (Johnson and Prien, 2002, 2003; Johnson 

et al., 2004; Prien and Johnson, 2006) and developed commercially by Embryonic 

Technologies (Austin, TX).  The device is comprised of a newly designed collection 

tube containing, when used as intended, a measured amount of extension media 

which must be prepared prior to use.  Those collectors to be used with media were 

prepared by:  

1. Turning the lid of the brown media bottle clockwise until it stops 

(approximately 2 ½ full turns) 

2. Observing that the powdered media has fallen into water 

3. Shaking the bottle to rinse any residual media from cap 

4. Warming the solution to 37°C 

5. Shaking the bottle until all powdered media dissolved 

6. As the experiments were designed to capture only half of the ejaculated 

semen in the BreedMaXtm unit, only half the contents of the media vial 

(.75 mL) were added to those units specified to be used as designed 

 

Collection 

 All collection vessels and media were warmed to approximately 37°C in an 

incubator prior to collection.  The appropriate collection vessels were assembled to 

the Y-splitters, and an AV was attached at the bottom of the Y-splitters.  All twelve 

bulls were collected in the same manner, using a standard electroejaculation 
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collection technique for bulls, by the ranch veterinarian.  The collection end of the 

AV was held down at approximately a 45° angle, and the Y-splitter with the 

containers attached was held as level as possible during ejaculation to ensure equal 

division.  (When using the new container in a practical setting, no Y-splitter will be 

attached.)  After collection, a small amount of each sample was prepared for testing 

semen parameters (time 0 hrs) and  the sample extension begun with the addition of  

egg yolk refrigeration media (Irvine Scientific, Palo Alto, CA) in a 1:2 ratio and 

allowing 10  minutes for equilibration.  A second drop of the raw semen from each 

bull was placed into a micro-centrifuge tube. The tubes contained the fixative 

gluteraldehyde (Sigma Chemical; St. Louis, MO) to preserve the cells for later testing 

to determine if they were acrosome reacted.  After initial measurement, the remaining 

sample was diluted to no more than 20 million cells per mL and placed in the 

refrigerator to cool to 5°C. 

 

Measurement and Semen Parameters 

 Motility, forward progression, viability and concentration were measured in 

each sample (control and new treatment) immediately following collection (time 0 

hrs); both samples were further processed to 20 x 106 sperm/dose using standard 

processing procedures and protocols.  Semen samples were initially assessed for 

viability using a red Eosin stain that was mixed with a single drop of semen on a 

microscope slide, and the slides were assessed by a trained observer on an Accuscope 

3410 Microscope equipped with phase optics (Accuscope; New York, NY) at 200X 

magnification.  Viability was expressed as a percentage of those cells that did not 
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stain red out of 100 cells observed.  This process was repeated for all twelve bulls at 

the 0 hour time point.  Initial concentrations of raw semen were determined manually 

using a specialized slide (MicroCell; Conception Technologies; San Diego, CA) and 

reticule at 200X magnification.  The samples were also evaluated for motility, 

forward progression and an aliquot collected for later acrosomal analysis (techniques 

for each described below) prior to the beginning of the extension process.  

 The samples were re-evaluated for motility, forward progression and a sample 

collected for acrosome evaluation at time points of 1, 3, 6, 12, and 24 hours over the 

first day.  Samples were then evaluated every 24 hours after that until 0% motility 

was recorded within each treatment.  Evaluations at time points 0-6 hrs were 

completed at the collection site, the samples were then returned to a central laboratory 

facility and all subsequent evaluations performed there.   

Prior to each evaluation, a .25 mL aliquot of each sample was transferred to 

the appropriately labeled  1.8 mL centrifuge tube and warmed to 37oC for 

approximately ten minutes prior to testing.  The remaining samples left in the 

BreedMaXtm and conical tubes were placed back in the 5°C cooler.  After warming, a 

drop of semen was placed on a standard specimen slide and covered with a cover slip.  

The slide was then used to determine motility and forward progression using the 

Accuscope compound microscope with phase optics at 200X magnification.  Once the 

slide had been evaluated, 1 mL of gluteraldehyde was added to the remaining semen 

sample left in the centrifuge tube and the sample was retained for later acrosome 

evaluation.  
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Sample motilities were determined manually by counting 100 sperm cells 

using a standard histology cell counter.  Cells were determined as either motile (any 

form of cellular movement) or non-motile (no movement detected), and the data 

expressed as a percentage.   

Forward progression was assessed at every time point after motility and was 

based on a 1 to 5 scale.  Sperm cells that were assessed as: 1 had no cellular 

movement, but their tails were moving; cells that were assessed as a 2 were slow 

moving, but not always straight; cells that were assessed as a 3 expressed moderate 

movement; cells that were assessed as a 4 expressed fast movement; cells that were 

assessed as a 5 expressed hyperfast movement.  The data was expressed as the 

average forward progression of the entire sample observed. 

Acrosome determinations were made using the chlortetracycline technique of 

chlortetracycline fluorescence assay (Lee et al., 1987) using the samples fixed in 

gluteraldehyde.   

A saturated solution of chlortetracycline stain was prepared just prior to use 

by filling a 50 mL conical centrifuge tube to the 5 mL line with powdered 

chlortetracycline.  Approximately 35 mL of water was then added to the tube and the 

contents mixed. Because this chemical is light sensitive, it is important that this 

procedure be accomplished with very faint lighting (just enough lighting that would 

allow the technician to properly follow the procedure).  The mixture was then filtered 

using 22 μm, 100 mL Nalgen filter (Nalgen Nunc International; Rochester, NY) and 

then poured into a fresh standard 50 mL conical tube that was labeled with the current 

date and a date one week from that time.  The labeled tube with filtered mixture was 
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wrapped in aluminum foil to prevent light from entering.  At this point, the filtered 

chlortetracycline was ready for use by the technician.  This process was repeated once 

weekly until all acrosome assays had been completed.   

Because of the presence of the egg yolk extender, it was necessary to prepare 

the sample prior to evaluation. Using a disposable pipette, .25 mL of phosphate buffer 

solution (PBS) was added to a micro-centrifuge tube.  Then, an 18-gauge needle 

attached to a syringe was used to mix the new solution by drawing it up into the 

syringe, and then depositing back down into the micro-centrifuge tube.  The micro-

centrifuge tube was then centrifuged for five minutes to produce a pellet of cells at 

the bottom of the tube.  Then, using another new disposable pipette, a drop of semen 

was extracted and placed in a new micro-centrifuge tube and a single drop of filtered 

chlortetracycline was mixed in.  The new mixture was then extracted using a 

disposable pipette and placed on a specimen slide and covered with a cover slip.  The 

slide was then viewed under a ZEISS compound microscope (Carl Zeiss; New York, 

NY) equipped with epi-fluorescence using 630X magnification.  If the head of the 

sperm was a fluorescent green, it was determined that the acrosomal cap was present 

and intact.  However, if the head of the sperm cell did not glow a fluorescent green, it 

indicated that the acrosomal cap had either reacted, was damaged, or was not present.  

A total of 100 cells were counted and the data were expressed as a percentage of 

reacted cells. 
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Data Analysis 

While a total of twelve animals were collected, samples from two animals 

deteriorated to 0% motility in all treatments within 24 hrs of collection and were 

considered as inadequate for the experimental model.  Therefore, their data were not 

included in the statistical analysis.  The remaining ten animals’ data were analyzed 

using the Statistical Program for the Social Sciences (SPSS ver 12, SPSS, Inc; 

Chicago IL).  

Initial semen parameters for each treatment (time 0 hrs) were compared using 

a one-way ANOVA with Tukey’s mean separation.  Figure 1 displays the results for 

motility.  A GLM with two-way ANOVA treatment*time was used to calculate the 

data.  It graphically displays the results of each treatment beginning at the 0 hrs time 

point, and ending at the 360 hrs time point.  Data measures over time for motility, 

forward progression, and acrosome reaction were analyzed using the GLM with two-

way ANOVA; including a statement for a treatment*time interaction.  While all 

collected data points were used in the analysis, these data were truncated graphically 

when less than half the animals remained within a treatment as only the original zero 

measurement was included in the data analysis to prevent an animal bias in the visual 

data.  Time to last insemination was determined as the point where samples had less 

than 20% motility.  These time points were compared by treatment using an ANOVA 

with orthogonal contrasts of BreedMaXtm+ vs. the control, then BreedMaXtm+ vs. 

BreedMaXtm-.   
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CHAPTER IV 

RESULTS 

 

As described earlier, a total of twelve bulls were collected.  However, as all 

samples from two bulls reached 0% motility before the 24 hour time point, they were 

deemed outliers (this was confirmed statistically) and the data were removed from the 

analysis.  This left a total of ten animals assigned to the treatments as follows: Control 

N=5, BreedMaXtm+ (those samples collected into a BreedMaXtm container as 

designed) N=10, and BreedMaXtm- (those samples collected into a dry BreedMaXtm 

container) N=5.  Further, while data were collected and analyzed until motility 

reached 0% in all samples, graphical data were truncated after half the animals in the 

treatment had reached no motility. 

Table 4.1 demonstrates the mean starting semen characteristics of the samples 

at time 0 hours.  While slight numerical differences exist, as expected, there were no 

statistical differences in concentration, viability, motility or forward progression 

between the treatments (P values of 0.63, 0.10, 0.27 and 0.28 respectively).  Further, 

while the starting number of cells appearing to be acrosome reacted was high in each 

group (47, 41, and 45% respectively for the Control, BreedMaXtm+ and BreedMaXtm-

) they were statistically similar (P = 0.82).  This latter observation may be due to the 

majority of these animals having not been collected or mated in the previous 8 

months. 
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Table 4.1. Starting Semen Characteristics of Samples in Study 
_____________________________________________________________________ 
 
 Control BreedMaXtm + BreedMaXtm - P value 
Concentration (mil/mL) 60.0 + 12.3 49.3 + 5.8 50.0 + 8.3 0.63 
Viability (%) 91.2 + 2.0 92.4 + 1.4 79.6 + 7.6 0.10 
Motility (%) 66.6 + 6.6 70.1 + 5.0 54.3 + 10.0 0.27 
Forward Progression 
     (1-5 scale) 

3 4 3 0.28 

Acrosome Intact (%) 53.0 + 10.0 58.5 + 4.2 54.7 + 8.1 0.82 
_____________________________________________________________________ 
* Mean + Std Err, P values > 0.05 are considered non-significant.  

 

As expected from previous studies, there were significant decreases in either 

motility or forward progression over time (P < 0.001) regardless of treatment.  

Further, and also as expected, the number of acrosome reacted cells increased with 

time regardless of treatment (P< 0.001).  However, the rate of change differed due to 

treatment. 

Figure 4.1 demonstrates the changes seen in motility over time between the 

various collection devices.  As expected, all motilities decreased over time (P < 

0.001).  However, motility was maintained 178% longer in the two BreedMaXtm 

treatments than in the Control (Control = 168.0 + 49.8 hrs, BreedMaX tm + = 297.0 + 

34.5 hrs and BreedMaX tm - = 295.3 + 35.9 hrs; P = 0.071).  The treatment effects 

appeared to be independent of time, as there was no time*treatment interaction (P = 

0.83).  Further, there appeared to be little difference in motility in the BreedMaX tm 

treatments until times beyond 200 hrs. 



 25 

Figure 1. Comparison of Raw Motility Between Various 
Collection Devices
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  Figure 4.1: Comparison of Raw Motility Between Various Collection Devices 

As with motility, there is a time dependent decrease in forward progression (P 

< 0.001; Figure 4.2).  However, while there were fewer numbers of motile sperm in 

the Control than in the two BreedMaXtm treatments, those sperm that were motile had 

similar forward progression rates at any single time point (P = 0.82). 
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Figure 2. Comparison of Forward Progression Between 
Various Collection Devices
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  Figure 4.2: Comparison of Forward Progression Between Various Collection 

Devices 

The relationship between treatment of the semen and the acrosomal reaction 

rate are shown in Figure 4.3.  As expected, the number of cells acrosome reacted 

increased with time (P < 0.001).  While there was no significant difference between 

any of the three treatments, there might be a trend toward lower numbers of acrosome 

reacted cells in the BreedMaXtm with and without its media component (P = 0.20).  

Further, where cells in the Control collection demonstrate increasing numbers of 

acrosome reactions from the point of collection (57%) until the point of zero motility 

(> 90%), the rate of acrosome reacted cells in the BreedMaXtm treatments appeared to 

stabilize at  approximately 80% between 24 and 48 hrs.  
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  Figure 4.3: Comparison of Acrosome Reacted Sperm Cells Following Collection in 
  Various Devices 

Finally, it is widely accepted that a semen straw must have a minimum of 

20% motility to have a reasonable chance of resulting in a pregnancy.  Figure 4.4 

demonstrates that it takes an average of only 110 hrs for the control samples to drop 

below the 20% threshold (Figure 4.4).  However, both BreedMaXtm treatments 

maintained levels of motility over 20% for a minimum of 176 hrs or an increase of 

approximately 60% (P < 0.04). 

P = 0.20 

Figure 3. Comparison of Acrosome Reacted Sperm Cells 
Following Collection in Various  Devices.   
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Figure 4. Comparison of Time to Last Insemination Between 
Various Collection Devices 
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  Figure 4.4: Comparison of Time to Last Insemination Between Various Collection 
  Devices 
  * Columns followed by the same subscript are not significantly different.  
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CHAPTER V 

CONCLUSION 

 

Evidence suggests artificial insemination has been used since at least the 

twelfth century (H. Joe Bearden et al., 2004).  However, it was not until semen 

extenders were developed in the mid-nineteen hundreds (H. Joe Bearden et al., 2004), 

that artificial insemination became truly practiced.  The traditional methodology does 

not take steps to protect the semen until post-collection.  Earlier work from this 

laboratory suggests semen quality can be improved by taking steps to protect the 

semen during the collection process (Johnson and Prien, 2002, 2003; Johnson et al., 

2004; Prien and Johnson, 2006). These studies resulted in the development of a 

device, commercially know as the BreedMaXtm, which provides protection by: 1) 

maintaining temperature, 2) stabilizing pH, and 3) preventing osmotic stress during 

and after the collection process.  The present study was conducted as a follow-up 

study to assess the BreedMaXtm in protecting bovine semen (measured as the semen 

parameters motility, forward progression, and acrosome reaction) when used under a 

variety of collection conditions and compare the results to semen collected in a more 

traditional manor.   

By design, the BreedMaXtm collection system is meant to provide 

spermatozoa with a most favorable environment for collection.  This concept was 

tested in the present study by the collecting and processing of ten bulls’ semen 

samples into a standard 15 mL conical tube, a BreedMaXtm tube as designed, or a 

BreedMaXtm without the designed media included.  
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Previous studies have shown that unprotected collection of semen samples can 

lead to cold and pH shock to the spermatozoa (Seager and Fletcher, 1972; Grootegoed 

and Boer, 1987).  As in the earlier studies with the BreedMaXtm (Johnson and Prien, 

2002, 2003; Johnson et al., 2004; Prien and Johnson, 2006), samples collected into 

the BreedMaXtm, either with or without the media component, demonstrated higher 

motilities for extended periods of time (approximately 2 times longer) when 

compared to the traditional collection method.  Further, while cells in all treatments 

maintained similar forward progressions at individual time points, the combination of 

increased motility coupled with similar forward progression means more functional 

cells available for insemination.  There also appeared to be maintenance of the 

acrosomal membranes. 

The presence or absence of media in the BreedMaXtm appeared to have little 

effect of standard semen parameters, measured as motility and forward progression, 

over the course of the study.  However, there was a trend toward delayed acrosome 

reaction in the BreedMaXtm with media. 

 Overall, the data suggest the BreedMaXtm+ maintains semen parameters for 

longer periods of time as compared to the conventional collection techniques.  Better 

semen parameters would suggest a higher quality sampled for insemination 

procedures.  The inclusion of a measured amount of media may also improve cell 

function.  Further testing of the overall effectiveness of BreedMaXtm should include 

breeding trials and work with the other species that BreedMaXtm has been designed 

for.   
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