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ABSTRACT 

Seminal plasma serves as a nutrient rich medium for spermatozoa to function and 

survive. Several components of seminal plasma have also been shown to aid in 

cryopreservation and post-thaw viability. Although functions and roles of seminal plasma 

have been studied at length, the actual biochemical composition of sperm cells is poorly 

understood. In the present study, intra-species comparison of lipids, carbohydrates, and 

proteins present in sperm were examined in the bovine. Experiments were done in an 

effort to determine how cryopreservation may be affected by altering the level of 

cryoprotectant present in a sample based on baseline seminal composition of that 

particular specie. A wide variety of bovine breeds were used, representing both British 

and continental beef breeds as well as dairy. A portion of each sample was centrifuged to 

remove the cellular portion of the sample and both aliquots weighed to determine the 

cellular component’s contribution to weight of the sample. Results demonstrated a 

significant weight gain in equal volumes of each animal’s seminal plasma once the 

cellular component was removed (P < 0.001). Samples were then subjected to protein, 

carbohydrate, and lipid analysis. Each sample was run under spectrophotometric assay 

and blood chemistry assay cartridges to compare and contrast testing techniques. 

Differences in testing technique were detected in triglycerides and total protein levels (P 

= 0.023 and P = 0.018). Further, breed differences were also shown to be significant (α = 

0.05) in triglycerides, glucose, total protein, and fructose (P = 0.001, P = 0.001, P = 

0.001, and P = 0.009). However, no significant differences were seen between breeds for 

cholesterol (P = 0.228), as well as no differences detected in testing technique in 
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cholesterol and glucose (P = 0.648 and P = 0.884 respectively). A non-linear correlation 

was observed between volume weights and total protein and triglyceride levels (P = 0.047 

and P = 0.003). Together, these data suggest a difference in seminal component of 

various breeds and potentially on an individual basis as well. Further study is needed in 

order to examine how differences in seminal plasma chemistry effect cryopreservation 

and if it is possible to adjust cryoprotectant level in an effort to improve post-thaw 

viability of cryopreserved bovine semen.    
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CHAPTER I 

LITERATURE REVIEW 

General Introduction 

 The history of cryopreservation is one that began as an accident. In 1948, Polge 

and associates discovered that glycerol would allow fowl spermatozoa to survive freezing 

to -70°C. However, by freezing to -70°C, certain phase changes were observed within the 

phospholipid bilayer that reduced membrane integrity. The use of glycerol came about 

due to a bottle of solution being mislabeled. The solution consisted of glycerol, albumin, 

and water instead of the intended solution of levulose (Pegg 2002, 5). Initially, the end 

result left researchers at a loss as to how this happened as they could not replicate this 

early success. However, with the help of an analytical chemist, it was determined that the 

mystery solution had in fact contained glycerol. Repeat experimental research 

demonstrated the original solution of levulose to be ineffective but when glycerol was 

used, the results proved highly effective (Pegg 2002, 5). The process was termed 

cryopreservation and a new scientific era was born.  

Cryopreservation  

Mammalian spermatozoa were the first cells to be cryopreserved (Woelders 1997, 

135). In 1780, Lazarro Spallanzani successfully froze dog semen by plunging semen into 

the snow, then thawing it and recovering motile cells. At about the same time he also 

performed the first artificial insemination (AI) on a female dog. Semen was deposited 
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into the uterus with a syringe which resulted in a live birth 62 days later. This became the 

first successful case of AI. However, it was not until the twentieth century, and the 

accidental discovery of glycerol for use in cryopreservation, that scientists made 

advances where use of frozen semen could become a common practice in the industry. 

This allowed AI to become a significant tool in bovine herd management. The first calf to 

be born from frozen semen was reported in 1951 (Curry 2000, 46), followed quickly by 

the first human pregnancy in 1953 (Anger et al. 2003, 1079). Today, a significant portion 

of the cattle industry bases its operations on AI and the use of frozen semen. “Top sires 

can produce up to 60,000 doses of semen per year, and thus cryopreservation has allowed 

exploitation of superior sires and achieved rapid, large-scale genetic improvement in 

cattle stocks coupled with a reduction in disease transmission” (Curry 2000, 46).  

Additionally, AI and the use of frozen semen have proven useful and cost 

efficient in breeding cattle. Fertilization rates with frozen semen have matched the 

success rates of fresh semen as seen in natural mating or live cover (Curry 2000, 46). 

Besides use in cattle, AI has also seen a surge in use with pigs. “From 1998-1999, 

approximately 40% of pig production in the UK was by artificial insemination, compared 

with about 11% in 1990.” Boar semen with extenders has shown a prolonged shelf life of 

around 7 days at ambient temperature. “This allows for the collection and shipping of 

boar semen without the need for cryopreservation.” In other breeds, such as sheep, AI 

often requires the use of a surgical procedure. Artificial Insemination in sheep and the use 

of frozen semen has produced good success rates when the procedure is done by 

laparoscopic surgery and semen are deposited directly in the uterus (Curry 2000, 46).      
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The Use of Cryoprotectants  

In the early 1950’s, Jim Lovelock attempted to explain the mechanistical damage 

sustained by cells during the freezing process (Pegg 2002, 6). Lovelock stated that 

glycerol and other soluble, nontoxic penetrating solutes produce a cryoprotective effect 

by moderating the increases in intercellular and intracellular salt concentration during 

freezing (Pegg 2002, 7). This raised the questions of how fast glycerol should be added to 

semen samples and what should be the final target concentration. Further study found 

maximum concentration could be achieved without sacrificing viability by regulating the 

temperature at which glycerol is added or removed. High levels of glycerol have proven 

to be toxic to cells, so a reduction in temperature appears to temper the toxicity level. 

However, a reduction of temperature has been demonstrated to increase osmotic effects 

on the cell. It is therefore likely that most cryoprotectants used in current practices do 

cause some form of damage to the cells (Pegg 2002, 9), and suggests that a number of 

variables must be examined before the efficacy of glycerol can be determined; such as 

temperature, concentration, volume, rate and duration.  

Compounds that are capable of penetrating the membrane of the cell are often 

employed in the preservation of spermatozoa. Commonly used compounds are: glycerol, 

dimethylsulfoxide (DMSO), ethylene glycol, and propylene glycol. Even with the use of 

cryoprotectants, up to 50% of sperm cells will die during the freezing process (Kundu et 

al. 2003, 80). Cryoinjury has been attributed to the rate of cooling and the final 
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temperature. “Thus the harmful effect of rapid cooling on spermatozoa is minimized by 

using exogenous compounds (amino acids, glycerol, DMSO, ethylene glycol, 

carbohydrates, dextran, lipids, etc.) and by controlling the cooling rate.” In addition to 

cryodamage, sperm cells have shown a total loss of motility when samples were plunged 

directly into liquid nitrogen from room temperature. Through slow freeze techniques, a 

sample cooled down to -20°C and then plunged into liquid nitrogen showed a motility 

recovery rate between 13 to 17%. Furthermore, samples slow cooled to -100°C and then 

plunged into liquid nitrogen showed a motility recovery rate between 30 to 34% (Kundu 

et al. 2003, 81).  

The addition of cryoprotectants during the freezing process is necessary in order 

to increase post-thaw viability and survival. The most commonly used cryoprotectant 

agents are sugars and glycerol. “Sugars have shown the ability to lower the Van der 

Waals interactions at the membrane hydrocarbon chains that enhance trans-membrane 

transfer (especially phospholipids)” (Yildiz et al. 2007, 593). The effects of glycerol will 

be further elucidated below, but one documented way it affects membrane integrity is by 

causing the two phospholipid bilayer leaflets to come in contact with each other, thus 

changing membrane fluidity by increasing fatty acyl chains in the interior (Yildiz et al. 

2007, 593). With the benefit of altering membrane integrity, glycerol has shown to be 

effective by allowing the membrane to become permeable to its solution and prevent 

intracellular ice crystal formation. Glycerol in combination with sucrose has shown to be 

highly effective in the cryopreservation of several mammalian species and bull sperm in 

particular. However, membrane penetrating cryoprotectants can have a deleterious effect 
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by altering membrane integrity, and by doing so allows the fragmentation of DNA and 

the formation of chromatin anomalies. These effects typically resulted in decreases in 

fertilization rate and poor implantation rates (Yildiz et al. 2007, 593). Similar challenges 

faced Critser and associates when cryopreserving mouse embryos (2000).  

Mouse sperm have been shown to be particularly sensitive to cold and osmotic 

effects. A sharp decrease in motility and in plasma membrane integrity was seen 

following the freeze-thaw process in the mouse model. Other forms of osmotic effects 

can be seen in ram spermatozoa during the process of cryopreservation. “After thawing, 

when sperm that are loaded with cryoprotectant (having an internal osmolality of 

approximately 1300 mOsm, if 1M cryoprotectant was used) are transferred to an 

isosmotic environment of approximately 300 mOsm (in vitro medium or female 

reproductive tract fluid) a 2.3-fold overall increase in cell volume can result before 

cryoprotectant can exit the cell and reach equilibrium” (Mocé et al. 2010, 244). A 

proposed method to lessen cell damage is to widen osmotic tolerance by introducing 

cholesterol into the system. “Adding cholesterol to ram sperm membranes widened the 

osmotic tolerance limit of the sperm both in the hypertonic range, but even more 

dramatically in the hypotonic solutions. This increased tolerance to osmotic changes is 

likely responsible for at least some of the improvement seen in the cryosurvival rates of 

cholesterol-loaded cyclodextrins (CLC’s)” (Mocé et al. 2010, 244). These alterations 

induced by cholesterol, have a profound effect on the thermodynamic and mechanical 

properties of the lipid bilayers influencing stability and fluidity (Sparr et al. 2002). 
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 The Effects of Glycerol and Other Compounds on Membrane Stability 

   “Glycerol is made up of three hydroxyl groups and the hydrogen atoms form 

hydrogen bonds with oxygen atoms of the phosphate groups of the membrane 

phospholipids” (Kundu et al. 2003, 87). Also, amino acids can play a role in which their 

charge interacts electrostatically with the phosphate groups of the phospholipids of the 

plasma membrane in sperm. This electrostatic interaction creates a cushion-like barrier 

against damage created by ice crystal formation. The benefits of glycerol addition appear 

greater at higher concentrations but the risk of toxicity is imminent if caution is not 

exercised. Typically, anything in excess of 0.5 mol l-1 concentration of glycerol results in 

toxicity. Both species and inter-species breed differences exist in regards to glycerol 

toxicity. Boar spermatozoa undergo acrosome damage in the presence of low 

concentrations of glycerol, resulting in both poor cell survival and poor fertility whereas 

bull spermatozoa do not exhibit the same effect even at much higher concentrations 

(Curry 2000, 48). 

The Effects of Sugars 

 Supplementation of the cryoprotectant with a sugar such as fructose had been 

shown to have a protective effect against freeze damage and helped maintain DNA 

integrity in the mouse. It’s important to note that research done by Koshimoto and Mazur 

in the mouse model showed that it is not the sugar itself but the mass concentration of 

that sugar and not its molar concentration that gives a protective effect (Koshimoto and 

Mazur 2002). Bovine research demonstrated the use of sugars gave definitive results as 
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stated in a study by Woelders and associates. “Recently, we found that 0.2 M sucrose or 

trehalose significantly improved the survival of bull sperm after freezing and thawing.” It 

is speculated that certain mechanical properties of sugars help reduce the amount of 

mechanical stress caused by rapid structural deformation of cells at high cooling rates 

(Woelders 1997, 136). Similar promising results were seen in a study done with rhesus 

monkeys, cryopreservation using glucose, lactose, and raffinose (Si et al. 2006, 104).  

Several studies have been done with a variety of monosaccharide, disaccharide, or 

trisaccharide to determine which combination of sugars and cryoprotectant provide the 

highest rate of sperm survival and motility post-thaw. Molina et al. (1994) demonstrated 

that when handling ram spermatozoa, monosaccharides were more effective than 

disaccharides. A study done by Graham and Garcia (1989) suggested that trisaccharides 

were less effective than monosaccharides as a cryoprotectant for bull spermatozoa. 

Interestingly, studies in the rhesus monkey found no difference between monosaccharides 

and disaccharides, but both appeared to be more effective than trisaccharides (Si et al. 

2006, 107). In fact, some varying combination of monosaccharide, disaccharide, and 

trisaccharide could yield improved protection over trisaccharide alone. Overall results 

appear to suggest that different sugars have different effects and that the cryoprotective 

effect of sugars may be species dependent (Si 2006, 107).  

 Kundu et al. conducted a study evaluating various agents and their cryoprotecting 

potential (2003). “The highest recovery of forward motility was found to be 21 to 25% 

using 8.42 mM of 10 kDa dextran. A dose dependent increase in motility recovery was 

demonstrated when different concentrations of 10 kDa dextran were added to the fixed 
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concentration (0.87 M) of glycerol. The optimum cryoprotection combination produced a 

forward motility recovery rate between 47 to 53% using 6.27 mM dextran” (Kundu et al. 

2003, 85). Kundu et al. also took amino acids into consideration and discovered that the 

formulation of 0.87 M glycerol, amino acids, and 0.76 M DMSO resulted in 48% motility 

recovery. The highest cryoprotection potential appeared to be a combination of 

cryoprotectants with 20 mM proline which produced a recovered forward motility rate of 

52 to 58% (Kundu et al. 2003, 86). “One of the major advantages of sugars is their high 

glass transition temperature compared with conventional cryoprotectants (CPA’s), such 

as DMSO, ethylene glycol (EG), and 1,2-propanediol (PROH). The high glass transition 

temperature would, in theory, allow long-term storage of cells at high subzero and even 

suprazero temperatures” (Eroglu et al. 2009, 70).  

A study conducted by Eroglu et al. (2009), suggested the inclusion of trehalose in 

cryoprotectants might have a beneficial effect on reproductive cell survival. Trehalose 

was shown to greatly affect the post-thaw survival rate of mice oocytes. When trehalose 

was added into the extracellular fluid only, a 60% survival rate was seen when cooling to 

-15°C, but that number sharply declined to 17% at -30°C and 14% at -60°C. These 

findings led researchers to believe that the practice of microinjection of trehalose 

intracellularly, in addition to an extracellular presence, would improve cell survival. 

When attempted, a 90% survival rating was achieved in mouse oocytes when trehalose 

was present in both the intracellular and extracellular fluids in cells and the oocytes 

cooled to a final temperature of -15°C. While oocytes cooled to lower temperatures 

demonstrated slight declines in survival rates, they were much higher than those reported 
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in the previous experiment; with 83% survival at -30°C, and 81% survival at -60°C. This 

appears to confirm that the presence of trehalose both inside and outside the cell vastly 

improves the survival rate for oocytes undergoing cryopreservation.  

Further studies were conducted with varying cellular concentrations of trehalose. 

Group #1 contained intracellular and extracellular trehalose and Group #2 contained 

intracellular and extracellular trehalose along with cryoprotectant DMSO. This yielded a 

survival rate of 92% in the first group and a 96% survival rate in the second group with 

DMSO. Additionally, group one yielded a 74% fertilization rate whereas group two had 

an 83% fertilization rate when combined with DMSO (Eroglu et al. 2009, 74). Another 

parameter, perhaps viewed as being more important than fertilization alone, is the ability 

of the zygote to develop fully into the blastocyst stage. Group #1 had a 21% blastocyst 

rate when cultured with intracellular and extracellular trehalose only. A third group was 

tested for posterity sake and involved strictly extracellular trehalose in the presence of 

DMSO. This group had a 21% blastocyst rate as well. However, Group #2 showed a 

blastocyst rate of 66% when cultured in intracellular and extracellular trehalose in the 

presence of DMSO cryoprotectant. “Nevertheless, our results indicate that intracellular 

and extracellular trehalose in combination with small amounts of a conventional 

penetrating CPA can greatly improve the survival, fertilization, and embryonic 

development of frozen-thawed mouse oocytes” (Eroglu 2009, 74).  

In a separate study, Chaytor et al. (2011) examined the efficacy of 200 mM 

disaccharide solution versus 200 mM D-galactose in the cryopreservation of mammalian 

liver and kidney cell lines. The 200 mM disaccharides proved to be effective as 
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cryoprotectants, however the 200 mM D-galactose solution proved to be highly effective 

while maintaining minimal cytotoxicity at preserving cells post freeze-thaw. These 

results suggest that 200 mM D-galactose can be just as effective as 5% DMSO for 

cryopreservation. Data suggests the protective nature of this compound is due to the 

internalization of D-galactose by hexose transporters. Once the D-galactose is present in 

the interior of the cell, it appears to combat osmotic stress and protect against ice crystal 

formation (Chaytor et al. 2011, 17). 

Membrane Integrity and Effects 

 Exposure of cells to cryoprotective agents increases the hydrocarbons in the cell’s 

environment, increasing the ratios of sterol to phospholipid and cholesterol to 

phospholipid within the cell’s plasma membrane. These interactions lead to the plasma 

membrane becoming hydrophobic during the cryopreservation process and serves as a 

primary mechanism to prevent cryodamage in sperm cells (Chakrabarty et al. 2007, 34). 

Using a mouse model, Yildiz et al. (2007) demonstrated a shift in membrane lipid content 

following the addition of cryoprotectants, leading to a change in plasma membrane 

integrity and decreased sperm motility in preparation for cryopreservation. Osmotic 

pressure was maintained by forming hydrogen bonds with the membrane phospholipids 

as well as the use of sugars exerting their protective effects in reducing membrane 

damage and minimizes destabilization due to freezing (Yildiz et al. 2007, 586). The 

majority of the literature supports the concept that the mechanism leading to cell damage 

during cryopreservation is due to sperm plasma membrane destabilization. “A 

thermotrophic phase change in the lipid bilayer of plasma membrane is accepted as the 
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cause of membrane injury. It was observed that sperm membrane releases phospholipids 

in the surrounding medium during cold shock. Different lipids change significantly but 

phospholipids suffered the most change (maximum loss 42%) due to cryopreservation. 

Therefore, integration of the lipids into the membrane may cause the sperm cells to 

develop more resistance against cryodamage” (Kundu et al. 2003, 88).  

 Mocé et al. described some of the major events occurring at the membrane level 

during the process of the cryopreservation of sperm from bulls and humans. “As sperm 

are cooled the membrane phase transition occurs, lipids aggregate into micro-domains, 

which alter membrane function and induce membrane gaps between the gel and 

remaining fluid membrane domains” (Mocé et al. 2010, 237). This is not strictly limited 

to bull or human spermatozoa; rams have also demonstrated signs of cryodamage. Bailey 

et al. used a marker for membrane integrity to demonstrate damage to the membrane of 

the head, along with the principal and mid-piece when cells were exposed to lower 

temperatures. “Further investigation showed significant membrane permeabilization after 

sperm were exposed to a high salt concentration followed by restoration of osmotic 

equilibrium as would be generated during a freeze-thaw cycle” (Bailey et al. 2000, 1). 

Comparatively, in the stallion, the freeze-thaw process induces membrane lipid 

rearrangements on a grand scale. However, in the presence of egg phosphotidylcholine 

(PC) and soy PC, membrane damage is minimized (Ricker et al. 2006, 364). These phase 

transitions and other structural changes of the plasma membranes during the freeze-thaw 

cycle may be a likely cause of poor fertility from cryopreserved semen (Bailey et al. 

2000, 2).  
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Cabrita et al. (2001) examined various substances and their potential use as 

membrane stabilizers in rainbow trout. One such concept was to incorporate high 

molecular weight cryoprotectants into the freezing solution. Using higher molecular 

weight was speculated to reduce water diffusion rates due to their high viscosity at low 

temperatures. This would, in theory, reduce membrane permeability and help stabilize the 

plasma membrane during cooling and freezing (Cabrita et al. 2001, 631). Amino acids 

have also been shown to play a role in membrane protection and maintain membrane 

stability by protecting against acrosome damage and overall abnormalities, as seen with 

the use of cysteine (Sariözkan et al. 2009, 136).  

Synthetic compounds have also been studied. One compound of particular is 

DanPro S760 a soybean-protein complex (Central Soya Protein Group, Denmark). It 

possesses a high molecular weight with high viscosity as well as excellent water binding 

and emulsifying properties. The composition of DanPro S760 could play a vital role in 

membrane stabilization given that its primary components are made up of proteins, 

carbohydrates, and other minor components. “DanPro S760 contains all the amino acids 

(lysine, methionine, cysteine, threonine, leucine, isoleucine, phenylalanine, and valine) 

detected in the seminal plasma of rainbow trout by Schmehl et al (1987). It also contains 

carbohydrates that could establish hydrogen bonding with the phosphate groups of 

membrane phospholipids, reducing membrane fluidity during cooling and protecting 

against the loss of membrane domains” (Cabrita et al. 2001, 631). Aside from providing a 

membrane stabilizing effect, DanPro S760 has also been shown to have a beneficial 
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effect on fertility when combined with cryoprotectants like DMSO when cryopreserving 

semen via a protective action to retard osmotic shock (Cabrita et al. 2001, 631).  

It is well documented in the literature that a major source of cellular damage 

during cryopreservation is the loss of membrane integrity and stabilization. Why is this so 

integral? Like in somatic cells, sperm cells have a glycocalyx composed of a 

phospholipid bilayer. This membrane serves as a barrier between the sperm cell and its 

environment. “It is known that the glycocalyx is involved in the immunoprotection in the 

female tract due to its acidic environment, acquisition of fertilizing ability, acrosome 

reaction, and early gamete interaction or syngamy” (Talaei et al. 2010, 120). Therefore, 

the incorporation of products such as DanPro S760 and natural organic substances such 

as amino acids, sugars and lipids which display protective membrane effects has proven 

to be quite advantageous in maintaining sperm cell physiology and viability during 

cryopreservation. Similar to DanPro S760, Bovine Serum Albumin (BSA) exhibits 

protective properties in rainbow trout and has been considered to be a lipid peroxidation 

inhibitor and an emulsifying substance (Cabrita et al. 2001, 631). Work done by Cabrita 

et al. (2001) has demonstrated that the addition of BSA to the extending media greatly 

improved resistance to osmotic shock after cryopreservation. However, many issues 

remain to be overcome in the search for a superior cryoprotective process. 

One such problem is the interference of glucose transporters and the dislocation of 

proteins from the plasma membrane which has been demonstrated in Iberian pigs. These 

GLUT transporter proteins are responsible for moving hexose and other sugars across the 

mammalian sperm membranes. GLUT proteins have been demonstrated in the sperm 
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plasmalemma of most species, however in pigs they play a pivotal role in regulating 

sperm glucose and fructose metabolism (Sancho 2007, 112). GLUT-3 is a primary 

glucose transporter for boar spermatozoa but has also been reported in the rat, bull, and 

human (Sancho et al. 2007, 116). However, GLUT-5 has been identified as the primary 

transporter for fructose in boars. It has been reported in the dog, bull, and human to 

transport fructose as well (Sancho et al. 2007, 116). Fructose is produced in the seminal 

vesicles in boars and humans and is an energy substrate which appears to be specifically 

stored for reproductive processes, such as the nutritive effects seen in seminal plasma 

present in fresh ejaculates. GLUT-3 appears to be located in the head acrosome area of 

boar spermatozoa, whereas GLUT-5 is located in the post acrosomal region along the 

midpiece and principal piece of the tail (Sancho et al. 2007, 117). During 

cryopreservation, GLUT-3 appears to be disrupted but the GLUT-5 transporter does not 

appear damaged and would suggest that while the movement of glucose across the 

membrane is disrupted, the movement of fructose across the membrane would remain 

unaltered (Sancho et al. 2007, 118).  

Plasma membrane integrity has been directly correlated with fertility potential in 

bovine species. However, species differences in fertility potential have been found in 

relation to membrane integrity. “The species differences in the susceptibility of 

spermatozoa to cooling, freezing, and thawing process seems to be largely attributable to 

the polyunsaturated fatty acid (PUFA) contents of the sperm plasma membrane” (Adeel 

et al. 2009, 1220). High fatty acid content appears essential in order for the cell 

membrane to maintain high fluidity. Membrane fatty acid composition has also been 
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correlated with motility and therefore male fertility potential (Schiller et al. 2000, 146). 

However, the function of polyunsaturated fatty acids and their effect on membrane 

fluidity is speculative. No direct evidence links PUFA influence on the maintenance of 

membrane fluidity (Adeel et al. 2009, 1224). Human spermatozoa are somewhat unique 

in that they have been shown to possess high amounts of docosahexaenoic acid as a part 

of the fatty acid composition of their phospholipids (Schiller et al. 2000, 146). In contrast, 

lipid analysis performed on buffalo spermatozoa determined they were comprised of 

neutral lipids, glycolipids, phospholipids, and gangliosides. Upon further analysis, a high 

level of PUFA’s were found in which the richest source was neutral lipids and yielded 

high amounts of omega-3 and omega-6 fatty acids (Adeel et al. 2009, 1223).  

In a study done by Chakrabarty et al. (2007), the post-thaw samples of goats 

demonstrated a sharp decline in total lipid content as well as neutral lipids, phospholipids, 

and glycolipids within their plasma membrane. The data was unexpected in that the level 

of neutral lipids was quite elevated whereas the level of phospholipids was less than 

expected in comparison to other mammalian membrane studies. “Of the three classes of 

lipids, phospholipids decreased to about 33% of initial amount, whereas those for neutral 

lipids and glycolipids were about 12% and 11.5% respectively. Such loss of 

phospholipids due to cryopreservation is well documented and such observations 

prompted addition of external phospholipid or phospholipid source like egg yolk to the 

cryopreservation media as a cryoprotectant” (Chakrabarty et al. 2007, 31).  

 Adeel et al. (2009) studied buffalo spermatozoa and the effects of fat 

supplementation. They demonstrated “the lipid composition of the diet modifies the fatty 
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acid composition of the semen, plasma membrane integrity and fertilizing ability of 

spermatozoa.” Sunflower seeds are one of the richest sources of PUFA containing 

omega-3 and omega-6 fatty acids. The objective was to observe the effects of sunflower 

oil and seed on body condition and what if any influences to alter quality of spermatozoa 

(Adeel et al. 2009, 1221). The results suggest that the effects of sunflower oil and seed 

were more pronounced in post-thaw semen. This was confirmed by a higher post-thaw 

motility and higher post-thaw hypo-osmotic swelling test positive spermatozoa. 

Essentially the results demonstrated that sunflower seed and oil could mitigate the 

detrimental plasma membrane effects associated with cryopreservation. These 

observations appeared to be confirmed by the increased post-thaw motility in cells 

supplemented with these specific PUFA’s. Long-term supplementation of animals with 

sunflower oil and seed appeared to improve the integrity of the plasma membrane in 

buffalos (Adeel et al. 2009, 1224).  

A study done by Ricker et al. (2006), demonstrated the effects of membrane 

damage in cryopreserved stallion semen and the potential for exogenous lipid 

supplements. “The process of cryopreservation of semen has profound effects on 

spermatozoa, many of which result in sublethal damage to the cells, and subsequent 

reduction of fertility. The sperm plasma membrane serves as the main physical barrier to 

the outside environment and is a primary site of freeze-thaw damage. Such damage 

includes membrane destabilization due to lateral lipid rearrangement, loss of lipids from 

the membrane, and peroxidation of membrane lipids as a result of formation of reactive 

oxygen species (ROS). These events can affect sperm motility, response to osmotic 
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stress, and signaling pathways; as a result, the ability to reach, bind, and react with the 

zona pelucida is compromised” (Ricker et al. 2006, 359).  

According to Leeuw et al. (1993), supplemented exogenous lipids can become 

associated with the surface of the sperm plasma membrane or modify membrane 

composition. “Surface membrane association suggests that lipids can reversibly bind to 

the cell surface, providing a physical barrier to freezing damage without changing the 

lipid content of the membrane. Modification of membrane composition means that 

exchange of exogenous lipids occurs between the media and the cell membrane, thereby 

replacing lost lipid and leading to stabilization against cold shock” (Ricker et al. 2006, 

363). 

 Frozen bull semen has been commonly used in AI; however the freeze-thaw 

process generates ROS. Possible impairments from ROS include: decreased motility, 

impaired viability, decreased intracellular enzymatic activity, and impaired fertility and 

sperm function (Sariözkan 2009, 134). “Sperm cells contain high concentrations of 

PUFA’s and therefore are highly susceptible to lipid peroxidation (LPO), which leads to a 

subsequent loss of motility, membrane integrity, fertilizing capability and metabolic 

changes of sperm. During cryopreservation, PUFA’s in the sperm plasma membrane 

undergo peroxidation, which results in the formation of ROS. Low concentrations of 

ROS are physiologically involved in the maintenance of the fertilizing ability and 

capacitation/acrosome reaction of spermatozoa, but excessive ROS impair sperm function 

and enzymatic activity” (Sariözkan 2009, 134). A study by Neild et al. (2005) examined 

lipid peroxidation effects on stallion spermatozoa. It demonstrated that supplementing 
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extended cells with vitamin E before cooling to 5°C for storage had a protective effect on 

the plasma membrane and maintained their motility throughout the storage period, 

whether in the presence of seminal plasma or not (Neild et al. 2005, 231). As previously 

indicated, ROS plays an integral role in the normal function of sperm. It assists in 

hyperactivation, capacitation and the acrosome reaction, and zona binding. However, 

when ROS production exceeds detoxification by antioxidants, oxidative stress ensues 

(Bailey et al. 2000, 3). “Spermatozoa are also susceptible to oxidative damage due to 

oxidative stress. This damage can be prevented by supplementation of the semen 

extender with antioxidants” (Sariözkan 2009, 136). Overproduction of ROS can also 

decrease the sperm cell’s ability to penetrate the oocyte and thus impair or prevent 

syngamy from occurring (Bailey et al. 2000, 3). 

 Cell volume changes due to the influx and efflux of water and other ions can often 

lead to osmotic shock. This is just one more way in which the sperm plasma membrane 

serves as a barrier to help reduce osmotic shock and regulate membrane permeability to 

solutes and particles. Cells regulate their volume via K+ and Cl- channels. When water 

enters the cell, channels open up to allow K+ to flow down its concentration gradient; this 

is done to equilibrate concentration since the intracellular concentration of K+ is higher 

than the extracellular concentration. Chloride ions leave as well in a concerted fashion so 

as to equalize charge and concentration and osmoregulate the cell (Petrunkina et al. 2007, 

5). In humans, cryopreservation poses inherent risk of damage to the cell. Although 

motility is commonly kept at an acceptable level typically, there is significant damage to 

the plasma membrane which can be demonstrated by the abnormal results for hypo-
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osmotic swelling test. Post-cryopreservation, sperm cells from bulls and humans alike 

demonstrate a higher intracellular concentration of calcium than before freezing. This 

results in impaired function of membrane permeability and the increased intracellular 

calcium translates to premature capacitation and acrosomal rupture before the time of 

fertilization (Bailey et al. 2000, 2).  

 Membrane integrity is extremely vital in terms of cell viability and survivability 

in order to progress further with reproductive development. In an experiment done by 

Fair et al. (2001) using a bovine model, in vitro produced (IVP) blastocysts were 

compared with in vitro maturation (IVM) blastocysts to determine their developmental 

differences. “In vitro produced embryos exhibit darker cytoplasm, lower buoyant density, 

swollen blastomeres, slower growth rate, higher thermal sensitivity, and reduced density 

of gap junctions” (Fair et al. 2001, 186). Indeed, results showed IVP embryos to be 

inferior to the IVM embryos due primarily to the ability to withstand the rigors of 

cryopreservation and post freeze-thaw procedures. This suggests that IVP embryos are 

lacking something from the natural environment in which maturational changes and 

nutrients are supplied to IVM embryos in vivo. Without the same stages of development, 

IVP embryos do not have the rigidity and sturdiness of outer membranes as seen in IVM 

embryos. This simply reiterates the importance of membrane integrity and the influences 

that occur to maintain optimal function. Upon further investigation, IVM blastocysts 

possess certain structural characteristics that favor the ability to withstand 

cryopreservation effects and exposure to cryoprotectants. Such structural differences as a 

“narrow perivitelline space, numerous microvilli stacked over the plasma membrane, and 
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numerous intercellular junctions distinguish IVM from IVP blastocysts.” “In vitro 

produced blastocysts display a wider perivitelline space, empty vesicles in the 

perivitelline space and vacuoles in the trophoblastic cells, a sparse population of 

microvilli, reduced number of intercellular junctions, and a two-fold increase in lipid 

content. IVP blastocysts were completely intolerant of cryopreservation” (Fair et al. 

2001, 191).  

 As stated above, sugars play an important role in the function of cells. GLUT-2 is 

the main transporter for glucose absorption into cells. With what is now known about 

membrane integrity and the role of sugars, it is possible to use glucose uptake as a 

measure of cell viability and function. In fact, Gardner and Leese (1987) demonstrated 

that glucose uptake in day-4 mouse blastocysts was positively correlated to viability 

when transferred into female recipients. These results were similar to those reported 

previously by Renard et al. (1980) for glucose uptake and embryo development in day-10 

bovine blastocysts. In theory, by calculating the conversion of glucose to lactate to 

quantitate glycolysis, it should be possible to select which embryos had the better chance 

to fully develop into an ongoing pregnancy (Gardner et al. 1996, 472). However, a caveat 

to this approach is that it is not possible to determine which embryos will progress using 

this technique prior to freezing. It is only by measuring glucose uptake and lactate 

production post-thaw that it is possible to somewhat gauge which blastocysts would 

continue to develop and fully expand (Gardner et al. 1996, 474). Rieger et al. (1993) took 

a novel approach and was able to determine which embryos had the greater glycolytic 
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requirements as their energy source and correlated these finding with which blastocysts 

fully hatched and would develop into expanded blastocysts.  

Significance of Aquaporin-7 

 While classical literature has describe the transport of water across the lipid 

bilayer as due to passive diffusion, more recent research has shown that water travels, at 

least in part, via active transport or facilitated diffusion if you will. This is just an 

example in which a solute needs a channel or mechanism to allow transport to its 

destination target. “Recently specific channel proteins for water have been identified and 

named aquaporins (AQP’s). They belong to a major intrinsic protein family and consist 

of 6 transmembrane domains. AQP’s are commonly found in cells specialized for water 

transport, such as the epithelium of the kidney, lungs, and choroid plexus” (Kazutaka et 

al. 2004, 2073). One AQP, AQP-7 in particular, plays a critical part in male fertility. 

“AQP-7, first cloned from the rat testicular cDNA library, is predominantly found in 

testes and it is especially expressed at the tail of late spermatids of the rat testis.” It was 

noted that the spatial expression of AQP-7 was the same in both rats and humans. It was 

speculated that AQP-7 being a water protein, could also play a part in reduction of 

spermatid volume during spermiogenesis (Kazutaka et al. 2004, 2075). Studies have 

linked the absence of AQP-7 with infertility. Further, the presence of AQP-7 has been 

associated with the maintenance of normal sperm quality; with the presence of AQP-7 

being associated with higher motility rates, while those lacking AQP-7 displayed 

significantly lower rates of motility (Kazutaka et al. 2004, 2076). “Sperm maturation 

depends on the environment and various regions of the epididymis. Since AQP-7 
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transport involves not only water but nonionic small molecules such as urea and glycerol, 

AQP-7 may be also involved in the maintenance of sperm quality through sperm 

maturation by transporting some small molecules from epididymal fluid. In addition, the 

AQP-7 status of sperm may represent their membrane integrity because hypo-osmotic 

stress can be used in the functional assay of sperm and the AQP water channel.” Overall 

findings from the expression of AQP-7 suggest that the lack of AQP-7 may be the cause 

of infertility with a decreased motility rate (Kazutaka 2004, 2076). 

The Effects of Cholesterol 

 Cholesterol has been shown to have a strong influence on the organization of 

phospholipids in the membrane. Müller et al. (2008) studied the effects of cholesterol 

modification on plasma membrane properties in rainbow trout. “It increases the 

molecular order of the acyl chains of phospholipids, which leads to an increase in the 

bilayer thickness by modulating the packing of the lipids in the membrane” (Müller et al. 

2008, 396). Membrane fluidity directly influences the permeability of the plasma 

membrane. “A decreased fluidity reflects a tighter packing of membrane components that 

reduce passive molecule movement across the plasma membrane. Our data in trout 

spermatozoa suggest that membrane fluidity and permeability diverge at high cholesterol 

content; in contrast to the continuous increase in membrane resistance to osmotic stress 

observed with increasing cholesterol content.” Research demonstrated that modification 

of the cholesterol content in trout sperm interferes with the formation of specific 

membrane domains composed of essentially cholesterol and sphingomyelin. “Not only 

did the high cholesterol contents fail to improve sperm cryotolerance, but membrane 
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fluidity failed to decrease further upon cholesterol enrichment. On the contrary, the low 

cholesterol contents resulted in increased membrane fluidity together with decreased 

cryotolerance. These superimposed patterns between fluidity and the quality of freeze-

thawed sperm makes fluidity a more likely candidate as a determinant of sperm 

cryotolerance.” Müller et al. concluded that the addition of cholesterol did not protect 

cellular structures actively involved in fertilization; however, removal of cholesterol 

altogether was shown to further impair the cellular function (Müller et al. 2008, 397). 

 Cholesterol interacts with the phospholipid hydrocarbon chains of the membrane, 

When exposed to lower temperatures than are needed for phase transitions to occur, 

cholesterol causes the chains to pull apart thus increasing membrane stability. 

“Cyclodextrins are cyclic oligosaccharides which possess an external hydrophilic face 

and an internal hydrophobic core. These molecules have a high affinity for sterols in 

vitro, and if they are pre-loaded with cholesterol can insert cholesterol into cell 

membranes. Increased survival rates have been reported in stallion, bull, donkey, pig, and 

ram, in which sperm were treated with methyl-Β-cyclodextrin pre-loaded with cholesterol 

prior to cryopreservation” (Mocé et al. 2010, 237). Sparr et al. stated that cholesterol has 

a profound effect on the thermodynamic and mechanical properties of the lipid bilayers, 

and therefore influences stability and fluidity. Conversely, when ram sperm was left 

untreated, it lost 14% of its cholesterol levels. “A decreased cholesterol model may catch 

on and have an impact on cryopreserved sperm longevity, since one of the first steps in 

capacitation is the removal of cholesterol from the membrane. After cholesterol is 

removed from the membrane, membrane fluidity increases and membrane proteins can 
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undergo rearrangements within the membrane that lead to capacitation and the acrosome 

reaction” (Mocé et al. 2010, 245).  

 It is well documented that at least some of the mechanisms of membrane damage 

and prevention are directly dependent on the levels of cholesterol contained within the 

membrane itself. “The susceptibility of the plasma membrane to undergo lipid-phase 

transitions during cooling is inversely related to the proportion of cholesterol present. 

Lower cholesterol levels are present in bull and ram sperm, which are considered to be 

sensitive to cooling than in rabbit and human sperm, which are less susceptible. 

Moreover, the effectiveness of glycerol as a cryoprotectant is partially attributed to its 

ability to prevent some of the phase transitions during cooling by increasing the water 

permeability and fluidity of sperm plasma membranes” (Bailey et al. 2000, 3).  

The Use of Proteins 

 Jobim et al. (2004) performed polyacrylamide gel electrophoresis (PAGE) on 

bovine seminal plasma and its correlation with semen freezability. Results demonstrated 

a band(s) denoted as “spot 3” with a weight of 15 and 17 kDa. Presence of this particular 

protein correlated with high freezability semen in bulls (Jobim et al. 2004, 261). It is 

thought that this protein is actually BSP A1/A2. “BSP A1/A2, previously called PDC109, 

is the main heparin binding protein in bovine seminal plasma; it bound specifically to 

sperm choline phospholipids during ejaculation and promoted capacitation by cholesterol 

and phospholipids efflux. A significant decrease (70 to 80%) in sperm bound BSP 

proteins was noticed after cryopreservation, suggesting that modifications occurred in 
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sperm membranes during cryopreservation. The induced modifications may further 

reduce membrane barrier properties and lead to a premature capacitation of thawed 

semen. In that regard, it can be hypothesized that the larger amount of this protein in 

seminal plasma, as observed in samples from bulls with high freezability semen in this 

study, would provide better protection of sperm membranes during semen freezing 

procedures” (Jobim et al. 2004, 261).  

A second protein, denoted as protein “spot 7,” has been shown to be present in all 

ejaculates and has likewise been shown to be present in high concentration in the 

ejaculates of bull samples with high freezability. This protein had a weight of 12.9 kDa 

and was found to be secreted by seminal vesicles, ampullae, and epididymis. However, it 

was not found to be secreted by the testis or any other reproductive tissue. This protein 

was identified as acidic seminal fluid protein (aSFP) and had given amino acid 

characteristics similar with the spermadhesins family. “Acidic seminal fluid protein binds 

only loosely to the surface of ejaculated bovine sperm and is quantitatively released 

during in vitro capacitation. Furthermore, aSFP possesses neither carbohydrate nor zona 

pellucida binding abilities, strongly indicating that aSFP may not be involved in gamete 

interaction. On the other hand, at its physiological concentration, aSFP seems to protect 

spermatozoa from oxidative damage by diminishing lipid peroxidation, the stress 

undergone during the cryopreservation process leading to survival, cell death or 

functional impairment” (Jobim et al. 2004, 262). 

 Protein “spot 23” had a 90% prevalence in bulls with high freezability but was 

only seen in one bull of low freezability. Protein sequencing showed this to be very 
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similar in structure to Clusterin. “Clusterin is a glycoprotein with two heparin binding 

sites in man; it may control lipid transport and redistribution in human plasma. It is 

abundant in bovine liver, brain, and testis. It is also present in bovine and human seminal 

plasma and sperm cell surface. This protein may have biological functions similar to 

those mentioned of BSP in protection of sperm membrane function during semen 

cryopreservation” (Jobim et al. 2004, 262). One final protein marker of note, “spot 25,” 

appears to be linked to lipocaline-like prostaglandin D synthase (PGDS), a protein 

indicator of high fertility and semen freezability. Overall, Jobim et al. demonstrated 

difference in the protein content of the seminal plasma from bulls with high freezability 

to bulls with low freezability. Proteins aSFP, Clusterin, Spot 3, and Spot 11 all show 

indications of high freezability, whereas the presence spot 25 may denote poor 

freezability (Jobim et al. 2004, 263).  

 Manjunath and Thérien also studied the role of seminal plasma proteins using 

immunofluorescence. Bovine seminal plasma proteins (BSP) were shown to be taken up 

by epididymal sperm. Localized concentrations were found to reside in the acrosome, 

post-acrosome, and mid-piece region (Manjunath and Thérien 2002, 111). It was shown 

that BSP proteins are actually secreted by seminal vesicles and then bind to the surface of 

sperm during ejaculation. Elsewhere, BSP was shown to bind to high density lipoproteins 

(HDL) and heparin, a glycosaminoglycan (GAG). Typically HDL’s and GAG’s are seen 

in conjunction, and are located in oviductal fluid and follicular fluid, and usually induce 

capacitation when BSP binds to them (Manjunath and Thérien 2002, 113). Moreover, the 

act of BSP binding to phospholipids may prevent movement of phospholipids thus adding 



Texas Tech University, Glenn Yeomans, December 2012 
 

27 
 

stability to the membrane (Manjunath and Thérien 2002, 115). When BSP binds to 

heparin, it creates more heparin binding sites on the surface of sperm; thus increasing 

heparin binding and promoting capacitation. 

Process of Capacitation 

 In 1951, Austin and Chang independently discovered that ejaculated sperm must 

undergo the process of capacitation before they can initiate the acrosome reaction and 

competently fertilize an egg (Curry 2000, 48). Bailey et al. (2000) also examined the 

effects of capacitation and identified that the act of capacitation is directly influenced by 

membrane events such as reorganization of plasma membranes, phospholipid 

redistribution, as well as cholesterol removal (Bailey et al. 2000, 4). The process of 

capacitation may in fact diminish the ability of sperm to bind to the epithelium of the 

oviduct. Any change or compromise in the ability of sperm to interact with the epithelium 

of the oviduct may result in reduced fertility and perhaps even induce a shortened life 

span for the frozen-thawed spermatozoa (Curry 2000, 50). Petrukina et al. (2007) further 

analyzed the interaction between sperm and the epithelium of the oviduct and determined 

its cause to be a receptor-ligand reaction, and to involve selective terminal carbohydrate 

residues. It was determined that post-ovulatory isthmic oviductal fluid increases sperm 

capacitation. In cattle, this increase in capacitation activity was isolated as the interaction 

between heparin and other glycoconjugates. While capacitation occurs in vitro, only 

limited information is available to the interaction between media and sperm cells. It is 

thought to simply mimic the post-ovulatory environment (Petrunkina et al. 2007, 10).  
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Additional studies were done to demonstrate the effects of capacitation. Calcium 

was used as a trigger and immunofluorescence was performed using chlortetracycline as 

a dye marker (Gillan et al. 2005, 450). Results demonstrated that capacitation was 

increased significantly in the presence of calcium. Bailey et al. confirmed that when 

intracellular levels of calcium are elevated, the fertilization capacity of post-thaw 

spermatozoa was greatly diminished. Also documented by Bailey et al. was that in vivo 

fertility rates were directly correlated with the modulation of internal calcium levels. 

Another compound that has shown the ability to trigger capacitation is bicarbonate. 

Petrunkina et al. demonstrated this effect by taking sperm from an IVF dish devoid of 

bicarbonate and placing it in a dish with bicarbonate, which resulted in an observed 

increase in capacitated sperm. The importance of capacitation is well documented in 

terms of fertilizing capability. It then follows that any disruption of the capacitation or 

acrosome reaction will have a detrimental effect on the fertilizing potential of 

spermatozoa. Any spermatozoa subjected to an accelerated rate of capacitation, therefore 

has a shortened functional lifespan. This concept was corroborated by the work of Curry 

(2000). 

Rate of Freezing, Cooling and Effects 

 In dealing with cryopreservation and storage, one of the key considerations to 

ensure cell viability and survivability is the rate at which sperm or embryos are frozen. 

When using a cryprotectant in a freezing media, the best results were observed when the 

cells (sperm, oocyte, embryo) were taken in stages from room temperature to 5°C, then to 

-20°C, then to -100°C, lastly plunged into liquid nitrogen at -196°C. Following this 
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stepwise protocol has also resulted in the best rates of recovered motility (Kundu et al. 

2003, 87).  

Cryopreservation is a valid and effective method to freeze and preserve genetic 

material. However, it does pose some risks to certain species. Ricker et al. (2006) 

examined those effects in the stallion. “Freeze fracture studies showed that cooling 

induces massive phase separation and rearrangement of membrane components; events 

that appear to be irreversible on warming. Cold shock damage has been directly linked to 

lipid phase transitions that cause the sperm membrane to become transiently leaky, 

thereby compromising membrane integrity” (Ricker et al. 2006, 359). Optimal results can 

be achieved using a controlled rate freezer and ensuring each step of the cooling process 

is adhered to. “The optimal cooling rate of about 100°C/min is high in comparison to that 

reported for some other species: boar (30-50°C/min), ram (50-60°C/min), and humans (1-

10°C/min), and in comparison to that determined earlier for bull semen (26-50°C/min)” 

(Woelders 1997, 137).  

“If a higher cooling rate were to be adopted for freezing bull semen, it should be 

possible to decrease the concentration of the cryoprotectant glycerol, because the main 

effect of glycerol is believed to be the prevention of slow cooling damage. This would 

avoid osmotic and other damage of the sperm that is caused by the high glycerol 

concentration (0.58 M) presently used for freezing bull semen” (Woelders 1997, 137). 

Further examples of temperature effects can be seen in the bull and boar. Cold 

temperatures induce “cold shock” into the cells and cause reorganization of membrane 

particles, which have been found reversible when rewarmed to 38°C. Graham (1994) 
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conducted a study of cold shock in bull and boar spermatozoa. Results of the study 

suggested that epididymal sperm are more resistant to cold shock than ejaculated sperm. 

However, when cooled in the presence of egg-yolk, there was no difference in motility 

between epididymal and ejaculated sperm (Graham 1994, 1158). In the boar model, 

freezing induces membrane phase changes and thus causes the sperm cell to lose the 

ability to manage its energy levels. Glucose, sugars, and other nutrient uptake were 

altered and consequentially changed the production of ATP and mitochondrial activity, 

which overall translates into a change in energy requirement or production.   

Effects of Cryoprotectants on Motility 

 The use of cryoprotectants has dramatically increased the recovery motility rate of 

spermatozoa post-thaw. Current cryoprotectants can be divided into membrane 

penetrating and non-membrane penetrating agents. These agents were discussed above in 

the sections: Cryoprotectants and Sugars. The penetrating cryoprotectants include: 

glycerol, DMSO, Ethylene Glycol, and combination medium of glycerol/DMSO. In 

cattle, the use of glycerol has been associated with average recovered rates of forward 

motility of between 29 to 35% when used at concentrations of 0.87 M. However, any 

further increase in concentration of glycerol saw a substantial decrease in motility as it 

reached toxicity levels (Kundu et al. 2003, 82). Dimethylsulfoxide had a forward motility 

recovery rate of 15 to 17% at 1 M concentration. Anything beyond this concentration also 

caused a marked decrease in motility. Ethylene Glycol had a forward motility recovery 

rate of 9 to 11% at 1.29 M concentration. Any further increase in concentration once 

again resulted in a large decrease in motility. The use of the combination of 
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glycerol/DMSO yielded a forward motility recovery rate of 43 to 47% at 0.87 M glycerol 

and 0.76 M DMSO. Anything beyond that concentration led to a significant reduction in 

motility (Kundu et al. 2003, 83).  

Non-penetrating cryoprotectants were used and measured. Monosaccharide and 

disaccharide sugars were used to promote motility recovery. Glucose at 10 to 650 mM 

had no significant cryoprotecting effect. However, spermatozoa frozen with 0.175 M 

maltose and 0.234 M Trehalose demonstrated forward motility recovery rates of 17% and 

16%, (Kundu et al. 2003, 83).  

The Effects of Seminal Plasma 

 Seminal plasma is produced in the rete testis, epididymis, and the accessory sex 

glands (Troedsson et al. 2005, 172). Certain components in seminal plasma are important 

and aid in maturation of spermatozoa in the male reproductive tract. “There is also 

evidence that seminal plasma plays an active role in the female tract through the action of 

various hormones, enzymes, other proteins, lipids, and metabolites. Enhanced sperm 

transport, hastening of ovulation, and increased blood flow to the uterus and oviducts 

have been associated with the presence of seminal plasma in horses and pigs” (Troedsson 

et al. 2005, 172). However, the inclusion of seminal fluid appears to have species-specific 

effects on cryopreservation. The addition of seminal plasma during cooling, freezing, and 

thawing, increased motility in ram spermatozoa. However, when seminal plasma was 

added to pre-washed bull sperm it appeared to have no effect on motility. When the same 

procedure was applied to epididymal sperm the results were the same; the ram 
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spermatozoa had a benefit from the addition of seminal plasma whereas the bull 

spermatozoa showed no benefit (Graham 1994, 1158). In the study done by Jobim et al. 

(2004), “Seminal plasma is the natural medium for the final maturation of spermatozoa 

through hormonal, enzymatic and surface-modifying events. Seminal plasma was 

reported to be important to maintain spermatozoa motility in bull and ram, for improving 

ram sperm viability, and for increasing the resistance of boar spermatozoa to cold-shock 

damage.” “This fluid may also influence bovine fertility and sperm storage. There is 

evidence that seminal plasma prevents premature capacitation of sperm and protects 

sperm from peroxidative damage. However, seminal plasma has also been shown to have 

deleterious effects on bovine sperm during semen storage at ambient temperatures and a 

damaging effect during semen cooling and freezing. Other studies have indicated that 

seminal plasma proteins revert the cold-shock damage on ram sperm membrane” (Jobim 

et al. 2004, 256).  

Sperm Processes & the Future of Cryopreservation 

 There are several areas in which sperm can be matured, evaluated, and stored. The 

best means of ensuring sperm maintain fertilizing competence while in the female 

reproductive tract is to have a heterogeneous mixture of spermatozoa in the tract. Having 

varying sperm cells in composition and make-up, helps increase the odds of fertilization 

while sperm is in a form of storage in the female tract until the time of ovulation. As 

sperm travels through the epididymis (cauda, corpus, and caput) and the female tract, it 

acquires fertilizing competence while passing through each stage (Curry 2000, 48). 

Passage through the epididymis also allows for a heterogeneous mixture of spermatozoa 
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ranging in age and degree of maturation; it is accomplished via peristaltic contractions 

starting in the epididymis and continuing on into the vas deferens and urethra during 

ejaculation. The process induces the addition of chemical agents from the testes, 

epididymis and accessory glands which trigger maturation. 

There are several properties to consider when evaluating spermatozoa. These tests 

must be able to check for specific sperm criteria and prerequisites needed for fertilization. 

1) the ability to regulate cell volume in changing environments, 2) the ability to bind to 

the oviductal epithelium, and 3) the ability to undergo capacitation in a timely fashion 

(Petrunkina et al. 2007, 14). Those spermatozoa meeting all three requirements are 

considered competent to fertilize. The first parameter takes into consideration the change 

in environment for sperm cells. It must be able to self-regulate or osmoregulate once 

inside the acidic environment of the female reproductive tract. The second and third 

parameters go hand in hand. Travel to the oviduct is required for fertilization to take 

place and when the sperm cells bind to the surface epithelium of the oviduct, oviductal 

fluid triggers capacitation. Once capacitated, sperm cells can then undergo the acrosomal 

reaction and allow fertilization to take place starting with the mixing of the gametes or 

syngamy.  

The last form of sperm processes would be storage. In addition to short term 

storage in pockets of the female reproductive tract, long term storage is needed to 

preserve genetic material. We have already gone into detail earlier about cryopreservation 

and proper cooling and freezing rates. Ice crystal formation is the crux of the issue facing 

researchers when dealing with cryopreservation.  
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As this review has shown, cryopreservation has significantly improved since 

Spallanzani first plunged sperm into a snow bank and recovered a few motile sperm 

without the use of any cryoprotectants. While the majority of animals from certain 

species freeze well using current standard techniques, there is still a need to improve the 

technique in those species, breeds and individuals where cells do not survive the freeze-

thaw process well. As described in the previous review, there are significant differences 

in the cell membranes and seminal plasma of different species. It is also well recognized 

that there are those individuals, even within species that freeze well, whose spermatozoa 

do not survive the cryopreservation process, suggesting the chemistry of their semen 

might be different from other animals. As seminal plasma represents the largest portion 

of the semen sample, it is probable that differences in the plasma might affect the ability 

of the spermatozoa within the semen to survive cryopreservation without modification of 

the cryoprotectants. In order to make adjustments to the cryoprotectant which would 

improve survival rates, one must first identify and characterize the differences in 

chemical composition of seminal plasma from individuals within a breed who freeze well 

versus those who freeze poorly. The objective of the current study was to establish breed 

differences within seminal plasma chemistry and determine what effects this could have 

on the cryopreservation of semen. 
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CHAPTER II 

BREED DIFFERENCES IN SEMINAL PLASMA CHEMISTRY; IMPLICATIONS 

FOR THE CRYOPRESERVATION OF SEMEN 

Introduction 

The seminal plasma is a complex fluid that is produced by the rete testis, 

epididymis, and the accessory sex glands (seminal vesicles, ampulla, prostate, 

bulbourethral glands): (Troedsson et. al, 2005, 172; Manjunath and Thérien, 2002, 110). 

It serves as a nutrient rich medium that promotes development and maturation of 

spermatozoa and transport within the male reproductive tract. Seminal plasma has also 

been found to have potential function within the female tract as well. Proposed actions 

include: inducing earlier ovulation, increasing blood flow to the oviducts and uterus, and 

assisting in sperm transport (Troedsson et. al. 2005, 172). These functions and roles have 

been the subject of great study for quite some time. Yet until recently, the actual 

biochemical composition of seminal plasma and its underlying mechanisms have 

remained somewhat of a mystery. One area in particular is the role seminal plasma plays 

in the survival of sperm cells during the cryopreservation and post-thaw process. 

Interestingly enough, spermatozoa were the first mammalian cells to be successfully 

cryopreserved (Woelders, 1997, 135). A significant advancement came with the 

discovery that glycerol had a protective effect on sperm. Later, several sugar types were 

identified within the seminal plasma with cryoprotectant capabilities similar to glycerol. 

Sugars such as sucrose and trehalose have been linked to improving survival of bull 
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sperm after freezing and thawing. Sugars have displayed certain properties that decrease 

overall induced mechanical stress and structural deformation seen in cells undergoing 

rapid cooling rates like those in cryopreservation.  

Another important area of considerations is the cooling rate. Albeit somewhat 

controversial, some have speculated that there is an optimal rate of cooling per specie for 

cryopreservation of its cells to work successfully. In bovine, the suggested cooling rate is 

26 to 52 ºC/min. The proposed range to improve cryopreservation is said to be 100 

ºC/min (Woelders, 1997, 137). With a higher and faster cooling rate, the overall 

concentration of glycerol could be decreased. Glycerol does in fact aid in preventing slow 

cooling damage, however when present in high concentrations, glycerol can have a 

detrimental effect causing osmotic damage to the membranes. So, by reducing glycerol 

concentrations and increasing the cooling rate and/or setting an optimal range, one can 

expect to see an improvement in cryopreservation measured as a return of viable cells 

post-thaw.  

 Spermatozoa undergo additional maturation events as a result of exposure to 

seminal plasma. These events can be hormonal, enzymatic, or surface modifications 

(Jobim et. al, 2004, 256). An increase in motility has been purported to occur in humans, 

whereas research in the bull and ram has yet to confirm any said increase does in fact 

happen (Graham 1994, 115). One way that the presence of seminal plasma has been 

proven to be beneficial, is the prevention of premature capacitation. The process of 

capacitation is necessary for fertilization to take place. Seminal plasma helps regulate 

surface and membrane proteins in sperm cells to ensure membrane integrity is kept intact. 
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One such protein is bovine seminal plasma protein (BSP) that is secreted by the seminal 

vesicles and found in fresh ejaculates. Bovine seminal plasma protein attaches itself to 

the membrane surface and maintains integral strength to resist barrier dissolution or 

premature capacitation. However, BSP does have a deleterious effect, and that is it does 

not lend itself well to storage of sperm near room temperature (Bergeron et. al, 2005, 

462). It can lead to the degradation of acrosomal membranes when in storage, or it can be 

the cause of membrane destabilization during cryopreservation with rapid cooling rates. 

BSP has also been shown to bind to high density lipoproteins and heparin which both 

induce capacitation. Overall, the presence of seminal fluid with sperm has proven to be 

favorable.   

Collectively, previous findings play a crucial role in determining cell activity 

post-ejaculation and may have distinct influences on cells during the cryopreservation 

process. Further, it is well recognized in both research and by users in the industry, that 

there are differences in how different species, breeds and even an individual animal’s 

cells react to the cryopreservation process. It has been speculated that at least part of 

these differences might be due to differences in the seminal plasma which alter 

membrane integrity during the freeze/thaw process. The objective of the present study 

was to use a variety of chemical assays to determine the biochemical composition of 

seminal plasma for a number of individual bulls across several breeds with hopes that 

such information might eventually be used to optimize and customize cryopreservation 

techniques in the future. 
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Materials and Methods 

Collection 

 Bovine semen samples were collected via electroejaculation. Subject animals 

consisted of 6- Black Angus (Dumas, TX), 2- Jersey (Muleshoe, TX), 9-Limousine 

(Muleshoe, TX), and 9-Black Angus Cross (Dimmitt, TX). Samples were collected in 50-

ml conical tubes (BD Falcon, Franklin Lakes, New Jersey) or 17-ml TrueBreed tubes 

(Reproductive Solutions Inc., Lubbock, TX) depending on the collector preference. When 

practical, in field semen analysis was done to determine and calculate volume, motility, 

forward progression, and concentration.  

Weight of Seminal Plasma 

 Once samples had been returned to the lab, a repeat semen analysis was 

performed using the computer assisted sperm analysis machine (CASA-IVOS;Hamilton 

Thorne, Beverly, Massachusetts) to determine actual values of concentration, motility 

etc.,. A 1:10 dilution was done using modified ham’s F-10 media (Irvine Scientific, Santa 

Ana, California), in those where initial concentrations exceeded the instrument’s ability 

to analyze and were then re-run on the IVOS machine. Each sample was then split into 

equal volumes in 15 ml conical tubes (BD Falcon, Franklin Lakes, New Jersey) and 

assigned a designated protocol as ‘centrifuged’ or ‘non-centrifuged’ to allow weighing of 
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the neat sample containing, both cells and seminal plasma versus the weight of the 

seminal plasma alone. 

Centrifuged- Placed 15 ml conical tubes in centrifuge (Sorvall RT6000, Block Scientific 

Inc., Bohemia, New York) at 3,354*g for 5 min at 5°C. Centrifugation was done in order 

to remove the cellular portion of the sample and enabled both aliquots to be weighed in 

order to determine the contribution of each cellular component to the overall weight of 

the sample. Next, the supernatant was removed to a separate test tube and the pellet was 

labeled and frozen at -70°C. Aliquots were taken next from the supernatant in .5 ml and 

100 µl amounts and placed into 1 ml eppendorf bullet tubes (Fisher Scientific, Pittsburgh, 

Pennsylvania) to allow for measurement of weight. Eppendorf tubes were then weighed 

using a Sartorius scale (Data Weighing Systems Inc., Elk Grove, Illinois). The scale was 

first tared with an empty bullet tube and then .5 ml or 100 µl of the seminal plasma was 

added to determine its final weight. All remaining supernatant was frozen at -70°C to 

await further processing.  

Non-Centrifuged- .5 ml and 100 µl aliquots were taken from the full concentrate sample. 

As with the centrifuged samples, the scale was tared with the empty bullet tube and then 

the neat semen sample was added to determine its final weight. Once the weight was 

determined, the remaining material was frozen at -70°C to await chemical processing. It 

was later determined that cells from non-centrifuged samples could possibly interfere 

with subsequent chemical analysis (due to subsequent freeze thaw cycles). All assays 

described below were made using the centrifuged samples. 
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Chemical Analysis Using Individual Assays 

Cholesterol- Cholesterol determinations of each sample were made using a standard 

colorimetric technique (Stanbio Cholesterol LiquiColor Kit Procedure No. 1010, Boerne, 

Texas). Prior to sample determination, a set of six standards were prepared from the 

provided stock solution by dilution with deionized (DI) water to create final 

concentrations of 0, 12.5, 25, 50, 100 and 200 mg/dL cholesterol. Once the standards had 

been prepared, 10 µl of the sample material and standard tubes were combined with 1 ml 

cholesterol determination reagent, then vortexed gently and incubated at 37°C for 15 min 

to allow reaction to take place. Next, took 200 µl of each tube and pipetted into a 96 well 

microplate and read at 500 nm by a microplate reader (Bio-Rad Model 3550-UV, Bio-

Rad, Hercules, California). Cholesterol values were determined using the assay equation 

generated by the standard curve using the plate reader’s software. 

Triglyceride- Triglyceride determinations were also made using a standard colorimetric 

technique (Stanbio LiquiColor Triglyceride Kit Procedure No. 2100, Boerne, Texas). The 

indicator dye was prepared by adding 50 µl of activator agent per every 5 ml of solution 

per 5 ml of staining solution and allowed the solution to equilibrate at room temp for 15 

min. Once the solution equilibrated, tubes were prepared containing10 µl the semen 

supernatant from each animal or one of the kit standards and allowed to incubate for 15 

min at 37°C. The four standards contained 0, 2.5, 5 or 10 mg/dL of triglyceride 

respectively. After the 15 min incubation period, 200 µl of each standard/sample was 

pipetted into a separate well of a 96 well microplate and read at 500 nm on a microplate 

reader (Bio-Rad Model 3550-UV, Hercules, California). Triglyceride values were then 
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determined using the assay equation generated by the standard curve using the plate 

reader’s software. 

Glucose- Glucose determinations were made using a standard colorimetric technique 

(Stanbio Glucose LiquiColor (Oxidase) Procedure No. 1070, Boerne, Texas). Before 

sample values could be determined, a set of three standards and blank were first 

established from the provided stock solution by dilution with DI water to create final 

concentrations of 0, 25, 50, 100 mg/dL glucose. After the preparation of standards, 20 µl 

of sample material along with standard solutions were combined with 1 ml glucose 

reagent, and then incubated at 37°C for 20 min to allow reaction to take place. Next, 1 ml 

of each sample was transferred into a cuvette tube to be read at 500 nm absorption via 

spectrophotometry (Bio-Rad, Hercules, California). 

Bradford Protein Assay (Bio-Rad, Hercules, California)- protein determinations were 

made using a standard Bradford protein assay with slight modification. Initial testing 

determined the Bio-Rad reagent dye was too concentrated when following the standard 

protocol for Bradford Protein and had to dilute to 1:20 prior to sample processing. 

Following dye adjustments, 10 µl of semen sample was added 190 µl of DI water to 

create dilution using 5 ml test tubes (Fisher Scientific, Pittsburgh, Pennsylvania). Protein 

concentrations were determined against a standard five point curve development of 

standards using bovine serum albumin (BSA); Tube 1= Blank, Tube 2= 0.5g/dL, Tube 3= 

1.0 g/dL, Tube 4= 1.5 g/dL, and Tube 5= 2.0 g/dL. Protein determinations were made by 

placing 20 µl of either the standard or sample solution with 1 ml of the modified dye 

reagent, then next vortexing each tube gently and incubating it 15 min at room 
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temperature to allow the reaction to take place. Next, 200 µl of each solution was pipetted 

into a 96 well microplate and read at 595 nm using a microplate reader (Bio-Rad Model 

3550-UV, Hercules, California). Protein values were determined using the assay equation 

generated by the standard curve using the plate reader’s software. 

Fructose- Sample fructose concentrations were determined using a commercially 

available detection assay (Fructose Kit, Vitrolife, Göteborg, Sweden / FertiPro, Istanbul, 

Turkey). All samples and the kit standards were prepared by combining 100 µl of semen 

supernatant/standard with 50 µl of trichloroacetic acid (TCA) solution. The four 

standards contained 0, 1, 2.5 and 5 mg/dL fructose respectively. All samples/standards 

were then centrifuged (Sorvall RT6000, Block Scientific Inc., Bohemia, New York) for 

10 min at 1000*g. At centrifugation, a 20 µl aliquot of each standard/sample was 

transferred to a fresh bullet tube and mixed with 200 µl of 32% HCL and 20 µl of an 

Indole dye solution. Once all tubes were prepared, they were transferred to a 37°C water 

bath and incubated for 30 min. After the incubation, 200 µl of a NaOH stop solution was 

added to every tube to fix the reaction. Next, 200 µl of each sample was transferred to a 

separate well of a 96 well microplate and read by a microplate reader at 490 nm (Bio-Rad 

Model 3550-UV, Hercules, California). Fructose concentrations were then determined 

using the assay equation generated by the standard curve using the plate reader’s 

software.  

Verification Assays Using Commercially Available Screening Panels- As the long term 

goal of this project is to develop a system for customized modifications for individual 

animal cryopreservation that could be applied easily in a non-laboratory setting (i.e. 
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veterinary clinic), attempts were made to use analyze systems that might be available in 

the field; blood chemistry units. In addition to the independent assays listed above, 

attempts were made to determine semen concentrations of cholesterol, triglycerides, total 

proteins, glucose and fructose using two commercial blood chemistry systems; the 

Piccolo Xpress (Abaxis, Union City, California), a system for determination 

concentrations of various biological molecules in human blood and the VetScan2 

(Abaxis, Union City, California), which is an equivalent system for animal use. It was 

necessary to employ both instruments to assess the necessary software associated with the 

individual screen panel cartridges containing the analytes of interest. Three separate 

panels were run; the Lipid Panel Plus panel which provided cholesterol, triglyceride, and 

glucose data, the Comprehensive Metabolic Panel, which assayed for glucose, and total 

protein. Both of these panels were run on the human Piccolo unit. Additionally, a Large 

Animal Profile panel was assayed on the VetScan system to provide total protein values. 

While there were redundancies between cartridges, it was necessary to run all three as 

cross checks, as 1) these assays had never been run on a semen product before and 2) the 

one instrument had been designed primarily for human blood plasma or serum, and the 

other instrument was designed to measure blood plasma or serum in animals; both with 

appropriate limits for that system. 

Operation of the system was simply to place 150 to 200 µl of each sample on to 

the cartridge corresponding to the blood panel of interest. The cartridge was then placed 

onto its appropriate instrument (Piccolo or VetScan) to be assayed. The instruments 
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contained electronically derived standard curves for each analyte and produced 

appropriate output based upon blood chemistry. 

Statistical Analysis 

Data were collected and stored in Excel 2010. Once all data were collected, the 

file was transferred to the Statistical Package for the Social Sciences (SPSS) version 12 

for analysis. All analysis were considered significant at α = 0.05. The first set of analysis 

conducted were independent two-tailed Student’s t-tests to compare means establish for 

levels of cholesterol, triglyceride, and glucose to test for differences between the two 

testing methods/platforms to test for each analyte. A Levene’s Test was performed prior 

to the Student’s t-test to test for equality of variances and ensure selection of the 

appropriate P value was used in the Student’s t-test. Comparisons of means of assays 

conducted across three testing platforms were performed using a one-way analysis of 

variance (ANOVA). Results indicated no differences in testing platforms within analyte 

(discussed in detail in results), and data were combined to allow repeated measures in 

comparison of analytes between breeds. 

Once similarity of results between testing platforms had been established, an 

ANOVA with repeated measures was performed to test breed differences for each 

analyte. A comparison of weights was also performed for differences across breeds using 

a one-way ANOVA. Finally, a Pearson’s Correlative analysis was performed to 

determine relationship between differences detected in sample weight and level of 

analyte present within the seminal plasma. 
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Results 

A total of 22 ejaculates were collected from 4 breeds where utilized in these 

experiments (n = 6 black angus, n = 3 jersey, n = 9 limousine, n = 4 black angus cross). 

As expected, the size of the ejaculate at the time of electroejaculation varied widely 

ranging from 0.75 to 18.0 ml. The smaller volumes in some ejaculates provided limited 

materials.  Therefore, not all ejaculates were sufficient to assay; however, most ejaculates 

had at least one assay for each of the chemical compounds of interest. Further, while 

initial studies with weight examined differences in centrifuged and non-centrifuged 

samples, the focus of these experiments was the chemical composition of seminal plasma. 

It was postulated that the potential contaminates from the leaking cells in non-centrifuged 

samples might interfere with the chemical analysis and therefore all subsequent assays 

were performed on the centrifuge supernatant or the plasma fraction of the ejaculate.  

As described above, a preliminary experiment was conducted to determine if there 

were weight differences in both the neat (non-centrifuged) and plasma portions of the 

ejaculate based upon breed differences. As expected, weights per known volume of 

sample changed in the presence or absence of spermatozoa (Figure 1; P < 0.004). 

However, there were detectable differences in the weights of seminal plasma on a per 

breed basis (P < 0.001), suggesting differences in the chemical composition of plasma 

itself. 
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Analysis was then conducted on the three major non-water chemical groups 

associated with biological fluids and tissues: lipids, proteins, and sugars. Based upon the 

literature, lipid analysis was further broken down to cholesterol and triglycerides, while 

sugar determination included both glucose and fructose. Chemical analysis of seminal 

plasma has proven difficult as stated by previous authors. A minimum of two methods of 

analysis were used for each sample for each analyte measured.  

 

Figure 1: Mean seminal fluid weights across breeds (P < 0.001) and between Neat (non-
centrifuged –NC) and centrifuged (C) samples (P < 0.004). Breed mean differences are 
indicated with subscripts a-b, means with the same subscript are not different. 
Differences between NC and C samples are indicated with subscripts x and y, means with 
the same subscript are not different.  
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Looking first at cholesterol (Figure 2), analysis was done using a standard 

liquicolor assay kit measured using a microplate reader, as well as the Lipid Panel Plus 

cartridge on a blood chemistry analyzer. Results indicated that there was no difference in 

the analytical technique used (P = 0.648) or any variation among breeds (P = 0.228). 

Analysis also showed no interaction between breed and technique used (P = 0.325).  

Figure 2: Cholesterol levels are shown by breed and measured using standard assay 
method and lipid panel plus cartridge (LPP) (P = 0.648). Means of assay testing showed 
higher levels of cholesterol than those found in the cartridge, 31.84 mg/dL vs. 18.9 
mg/dL.  

The next component tested was triglyceride (Figure 3). Analysis was done using a 

standard liquicolor assay kit using a microplate reader, as well as the Lipid Panel Plus 

cartridge on a blood chemistry analyzer. Results indicated differences in technique used 
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(P = 0.023). Additionally, results also indicated a difference between breed in triglyceride 

levels (P = 0.001). Further analysis showed that there was no interaction between breed 

and technique used (P = .201).    

 

Figure 3: Triglyceride levels are shown across all breeds and measured using a standard 
assay method and lipid panel plus cartridge (P = 0.023). Means of cartridge method 
showed higher levels of triglyceride present than compared with the standard assay 
technique, 75.39 mg/dL vs. 40.32 mg/dL. 

 In addition to aforementioned biochemical components, sugars play a significant 

role in seminal plasma chemistry. Glucose in particular serves as the primary nutrient 

uptake as an energy source used for ATP production in cellular function. Techniques 

used consisted of the Lipid Panel Plus cartridge, as well as the Comprehensive Metabolic 

Panel cartridge on a blood chemistry analyzer (Figure 4). The data suggested that some 
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variation within each breed existed (P < 0.001), however no difference in technique was 

detected (P = 0.884). No interaction between breed and technique was observed either (P 

= 0.985). 

Figure 4: Glucose levels are shown by breed and measured using two cartridge methods, 
lipid panel plus and comprehensive metabolic panel (P = 0.884). Means of the two 
techniques proved to be close in proximity with the lipid panel plus providing slightly 
higher values than the comprehensive metabolic panel, 263.74 mg/dL vs. 232.67 mg/dL. 
Jersey bulls and Black Angus-Cross bulls were only measured in one technique due to a 
shortage in sample amount left over. 

In addition to the glucose levels determined by the two blood chemistry technologies, 

attempts were made to determine glucose levels using a spectrophotometric assay. 

Standards developed as expected, however the semen samples failed to produce results. 

Samples were then centrifuged and analyzed again without improved results. It is 
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suspected that interfering agents present in seminal plasma prevented the glucose assay 

from working properly. 

 Samples were tested for total protein content using three assay methods; a 

standard Bradford assay along with two cartridges, the Complete Metabolic Panel (CMP) 

cartridge and the Large Animal Profile cartridge. The Bradford assay was run using a 

microplate reader, and the cartridges were run on a blood chemistry analyzer. Results 

indicated a difference in testing technique (Figure 5; P = 0.018). There also appeared to 

be a detected difference in the amount of total protein in the seminal plasma by breed (P 

< 0.001). However, further analysis showed no interaction between breed and technique 

used (P = 0.547). 
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Figure 5: Total protein levels are displayed across all breed types. Testing methods used consisted of a 
standard Bradford assay and two cartridge methods, the comprehensive metabolic panel cartridge and the 
large animal profile cartridge (P = 0.018). Means show that both the CMP and LAP cartridge methods 
showed higher levels of total protein in comparison with the Bradford assay, 4.29 g/dL and 4.53 g/dL vs. 
2.68 g/dL respectively. Jersey and Black Angus-Cross failed to measure across all three platforms due to a 
shortage of sample amount left over.  

The final biochemical component measured was fructose (Figure 6). Like glucose, 

fructose is another sugar that serves as a nutritive source for spermatozoa and has a 

protective effect for seminal plasma as well. Measurement was made solely using a 

standard assay kit from FertiPro and was run using a microplate reader, as fructose is not 

routinely measured by blood chemistry. Data suggests a wide variation of fructose levels 

between breeds (P = 0.009) but no difference is seen in testing technique used. 
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Figure 6: Fructose levels are shown across all breeds. Measurement was done using a 
standard fructose assay from FertiPro (P = 0.009). Means showed Limousine bulls to 
have the highest level of fructose present in seminal plasma at 5.47 mg/ml.   

 The major objective of this study was to determine if weight of the seminal 

plasma could correlate with plasma chemistry. Both linear regression and correlative 

analysis were performed. Regression analysis showed no linear relationships between 

sample weight and its chemical composition. However, correlations were found to exist 

among certain analytes. Cholesterol yielded a correlation value of 0.424, glucose showed 

a value of 0.416, and fructose had a value of 0.405. All the aforementioned values show 

no correlation and exceed the boundary limit of consideration. The next two analytes 

demonstrated positive correlations between weight and plasma components. Triglyceride 

had a significance of 0.003 and total protein showed a significance of 0.047, both of 
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which fall in range of correlation consideration. These latter data are highly suggestive 

and warrant further investigation. However, it must be stressed that the observations 

might be confounded by multiple breeds and low numbers of animals per breed.  
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Table 1. Raw Statistical Data 

 

ANALYTE BREED TECHNIQUE N MEAN STD. DEV SEM CV
CHOL. BLK ANGUS LPP 7 18 0 0 0

Correl. = .424 STD. ASSAY 6 20.52 4.63 1.89 0.23
JERSEY LPP 1 18 0 0 0

STD. ASSAY 2 2.41 0 0 0
LIMOUSINE LPP 8 20.13 6.01 2.13 0.3

STD. ASSAY 9 51.39 49.48 16.49 0.96
BLK ANGUS-X LPP 3 18 0 0 0

STD. ASSAY 4 19.55 13.82 6.91 0.71
ANALYTE BREED TECHNIQUE N MEAN STD. DEV SEM CV

TRIG. BLK ANGUS LPP 6 91.33 59.44 24.27 0.65
Correl. = .003 STD. ASSAY 6 42.18 19.07 7.79 0.45

JERSEY LPP 1 37 0 0 0
STD. ASSAY 2 9.34 1.76 1.25 0.19

LIMOUSINE LPP 8 30.88 13.91 4.92 0.45
STD. ASSAY 8 24.38 10.22 3.61 0.42

BLK ANGUS-X LPP 3 175 94.03 54.29 0.54
STD. ASSAY 4 84.9 58.77 29.39 0.69

ANALYTE BREED TECHNIQUE N MEAN STD. DEV SEM CV
GLUC. BLK ANGUS LPP 7 90.71 59.95 22.66 0.66

Correl. = .416 CMP 5 76 60.09 26.87 0.79
JERSEY LPP 1 409 0 0 0

CMP 0
LIMOUSINE LPP 8 348.75 97.91 34.62 0.28

CMP 7 344.57 75.73 28.62 0.22
BLK ANGUS-X LPP 3 392.33 66.23 38.24 0.17

CMP 0
ANALYTE BREED TECHNIQUE N MEAN STD. DEV SEM CV

TOT. PROT. BLK ANGUS CMP 5 1.38 0.85 0.38 0.62
Correl. = .047 LAP 5 1.42 0.66 0.29 0.46

STD. ASSAY 6 0.52 0.49 0.2 0.94
JERSEY CMP 0

LAP 2 4.75 0.21 0.15 0.04
STD. ASSAY 3 2.72 2.03 1.17 0.74

LIMOUSINE CMP 8 6.11 2.27 0.8 0.37
LAP 8 6.41 2.54 0.9 0.4

STD. ASSAY 9 3.69 1.54 0.51 0.42
BLK ANGUS-X CMP 0

LAP 0
STD. ASSAY 4 3.58 1.98 0.99 0.55

ANALYTE BREED TECHNIQUE N MEAN STD. DEV SEM CV
FRUCT. BLK ANGUS STD. ASSAY 6 0.67 0.65 0.27 0.97

Correl. = .405 JERSEY STD. ASSAY 2 4.84 0.01 0.01 0.003
LIMOUSINE STD. ASSAY 8 5.47 2.92 1.03 0.53

BLK ANGUS-X STD. ASSAY 4 4.11 2.57 1.28 0.62
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Discussion 

As a preliminary study, the overall goal of these experiments was to determine if 

there is a relationship between the chemical composition of seminal plasma and the 

ability of sperm to survive the cryopreservation process. Earlier work from this 

laboratory has suggested a relationship between material body condition score (BMI) and 

embryo quality and fitness for cryopreservation (Weathers 2008, 15). Therefore the 

primary objective was to determine if relations might exist between the male animal’s 

BMI, the weight of its seminal plasma and the chemical constituents of the plasma itself; 

the secondary objective was to determine if plasma weight could be correlated with the 

chemical constituents. 

Phase 1 of this experiment dealt with weights of seminal plasma cross compared 

with the type of breeds used. As expected, cell concentrations influenced volume weight 

and therefore had to be removed before determining plasma weights.  While the results 

for just plasma demonstrated very minimal variation from bull to bull and across all 

breeds, the cell free sample demonstrated differences along breed lines, which had been 

pre-selected for differences for BMI. These findings suggest that plasma had differences 

in biochemical composition which might influence the ability of the sample to be 

cryopreserved.  

In Phase 2 of this experiment, an attempt was made to evaluate the major 

components of the underlying biochemistry of seminal plasma simultaneously. While 

much of the literature suggests that others have examined individual seminal components 

(i.e. Bergeron et al. 2005), to date, this appears to be the first attempt to correlate a 
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number of factors and survivability of semen from cryopreservation at one time. A 

potential reason earlier researchers had not fully elucidated seminal components is the 

difficulty in measuring these components in seminal plasma. We utilized redundant 

techniques (many of which had not been used in seminal plasma before) to ensure 

accurate measurements. The results suggest that, while there was some variation in the 

absolute values obtained from each technique, they demonstrated similar patterns across 

the breeds measured and demonstrated that there were differences among the breeds. 

The final phase of this study was an attempt to correlate the observed differences 

in plasma weight to chemical composition. In the earlier work by Weathers (2008), it was 

found that total lipids and to a lesser extent total proteins appeared to correlate with 

sample weight. In the present study, cholesterol (a major component of plasma lipids 

(DeGraaf et al. 2007)) did not appear to correlate with plasma weight but triglycerides 

did. Given the importance of triglycerides to membrane integrity (Schiller et al. 2003), it 

is easy to postulate how differences in plasma triglycerides could affect cryopreservation. 

If a usable correlation can be established between weight and triglycerides it might be 

possible to establish a scheme for modification of cryoprotectants and improve post-thaw 

survival rates in animals who are currently considered unfreezable.  
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CHAPTER III 

CONCLUSION 

 

 The aim of this study was to provide pilot information on the influence of breed 

differences in seminal plasma which might have effects on sample cryopreservation. 

Given the outcomes of the analysis of data, we can now recognize a difference between 

breeds as well as a difference in seminal component of individual animals. This 

difference can be seen in statistical deviations in breed and each individual biochemical 

substance making up seminal plasma. While there appeared to be some correlation 

between volume weights of seminal plasma and some chemical components (total protein 

and triglycerides), it is still not clear how the influence of one single component can 

change semen parameters in a way that would impact cell function or cryopreservation 

survival. This suggests that further study is needed in order to examine the biochemical 

makeup of seminal plasma and how that effects cryopreservation. Moreover, it begs the 

question what adjustments can be made to cryoprotectant level so as to improve post-

thaw viability of cryopreserved bovine semen.  

 Further, while the results of this study appear promising, there were certain 

limitations of the experiment that may limit the interpretation of the results. First, a larger 

pool of animals with known body condition would be needed to absolutely establish that 

a correlation exists between weight and seminal components. Because of the similarity 

between the normal body condition for three of our four breeds: Black Angus, 
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Limousine, and Black Angus-Cross, it is unclear if they masked or amplified the genetic 

traits of the few Jersey bulls, a breed with known higher body fat. An additional factor 

that had a potential impact on the results was the volumes collected. Some animals were 

not represented in all analytical techniques due to the lack of sample volume, potentially 

producing a sampling bias weighted by a few animals. Other limiting factors in this 

experiment might be the use of frozen-thawed semen samples as opposed to fresh semen 

for chemical analysis. Both freezing of samples before analysis and the duration of 

freezing are known to have detrimental effects on blood chemistry analysis and could 

have the potential to lead to degradation of seminal integrity. Additionally, multiple 

freeze-thaw cycles may have distorted the chemical composition of the semen samples 

and could have altered the final measurement of seminal component. However, being 

aware of these limitations, further study with larger numbers of animals is warranted to 

firmly establish any relationship which will improve cryopreservation in those animals 

that would currently be rejected for use in a production setting.  
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APPENDIX 

 

Figure 7: Weights of seminal plasma volumes were shown from Black Angus. Results 
showed that samples that underwent centrifugation had higher weights per seminal 
volume as opposed to the non-centrifuged samples. Centrifugation allowed the cellular 
portion to be spun out along with excess water.  
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Figure 8: Weights of seminal plasma volumes from Jersey were shown. In both aliquot 
amounts, the centrifuged samples once again had higher weights than the non-centrifuged 
samples. 
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Figure 9: Weights of seminal plasma volumes from Limousine are shown. Centrifuged 
samples had a higher weight than non-centrifuged samples. Additionally, very little 
variance is seen across most Limousine bulls. **Note: These samples were frozen and 
then thawed during measurement. This was done to see any differences in fresh vs. 
frozen-thawed if evident, as well as show support that concentration was a non-factor. 
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Figure 10: Weights in seminal plasma volumes are shown in Black Angus-Cross. 
Centrifuged samples showed greater weights than non-centrifuged samples. Very little 
variation between bulls of the same species is shown.  
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Figure 11: Cholesterol levels are shown across all breeds comparing techniques between 
cartridge and standard assay. Overall, the assay proved more effective in yielding greater 
amounts. However, the cartridge proved more consistent in measurement. Data shows 
Limousines as having the highest cholesterol content of all breeds. 
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Figure 12: Triglyceride levels are shown across all breeds comparing techniques between 
cartridge and assay. The lipid panel plus cartridge produced higher volumes than the 
standard assay. Data shows the consistency between the two techniques to be similar. The 
Black Angus-Cross and Black Angus showed to have highest levels of triglyceride out of 
all breeds. 
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Figure 13: Glucose levels are shown across all breeds comparing techniques between the 
lipid panel plus cartridge and the comprehensive metabolic panel cartridge. Very little 
variation can be seen between the two cartridges, yielding consistent volumes throughout. 
Jersey bulls produced the highest glucose count yet most produced a high level of glucose 
which is expected as being the metabolic substrate of choice. 
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Figure 14: Total protein levels are shown across all breeds and comparing techniques 
between cartridges and assay. Both the comprehensive metabolic panel cartridge and the 
large animal profile cartridge yielded higher protein content than the Bradford assay. A 
greater consistency can be seen by using the cartridges as well when measuring protein 
levels. Limousines showed the highest amount of protein out of all breeds. 
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Figure 15: Fructose levels are shown by breed and by individual bull. Limousine bulls 
produced the highest amount of fructose in seminal plasma compared to any other breed. 
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