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OXYGEN UPTAKE BY BOVINE SPERMATOZOA SUBJECTED TO 
CARBON DIOXIDE AND ARGON GAS PRESSURES 

Introduction 

Over three centuries ago, John Hamm discovered 

sperm but artificial insemination was not used until 

Spanzalli used it for the first time on a scientific 

research basis with dogs in l7O. Since that time and 

until quite recently, no great progress on 

artificial insemination had been made. It was not 

until the last quarter century that much progress 

was made on techniques for semen collection, pre.- 

servation, and insemination, Perry (30, pp. l-li). 

The most important problem in artificial in- 

semination is semen preservation because of the many 

biological phenomena involved Semen preservation 

studies are still under intensive study according to 

Perry (30, p. 11). 

The purpose of semen preservation is to keep the 

normal spermatozoa at high motility and activity for 

a long time to obtain more conceptions from each 

ejaculation. The characteristic of ejaculated semen 

is related to its environment in which it is kept 
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and to its component parts. Many methods for semen 

preservation have been developed by many workers in 

relation to sperm motility, conception, semen corn- 

ponents and semen environment. 

The most important conclusion reached is that 

the rate of semen metabolism depends on its sperma.- 

tozoa motility. High motility is associated with 

high metabolic rate. A rise in environmental 

temperature increases its metabolism for awhile then 

it will decrease as a result of increasing by-products 

of the semen, or change of the normal ratio of semen 

components. For this reason the aims of the re- 

searchers studying semen metabolism are to keep the 

spermatozoa active and ready for fertilization as long 

as possible by controlling the ratio of normal semen 

components as much as possible by treatment with 

chemical compounds and lowering the environmental 

temperature. 

VanDemark and Counter, l95, (4e, pp. 530- 

536), developed a method of a flow-dialysis system. 

This method is based upon a decrease of the change in 

semen components as a result of sperm metabolism at 

room temperature, by means of dialysis of the sperm 

by-products in a dialysis fluid. 
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Since there is a relationship between motility, 

metabolism, concentration of by-products and temp- 

erature, the dialysis is necessary at room temperature 

to avoid increasing the concentration of by-products 

in the semen. This made it possible to avoid the 

high increase of concentration of by-products by 

keeping the semen at low temperatures to reduce its 

motility during the period of preservation. The 

best temperature found to keep the semen was 5°C. 

or just above freezing. This temperature is the best 

to keep the liquid semen for artificial insemination 

and very commonly used by breeders in local areas. 

Although the method of keeping semen at above 

freezing is good, it is impossible to keep it in 

good quality for many days and does not permit shipping 

which involves extended periods of time. 

Edward, Parker and Plodge, developed a method 

for semen preservation for a long period of time by 

deep freezing to temperature of -79°C. by means of 

dry ice Perry, (30, pp. 3-11). It is now possible 

to ship frozen semen between countries by keeping 

frozen semen in dry ice or liquid nitrogen as re- 

frigerants. 
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Many investigators have treated semen with 

chemical compounds to inhibit the metabolic activity 

of ejaculated spermatozoa, Salisbury and VaniJemark, 

(35, p. 400). Some of the chemicals used to inhibit 

metabolic activity were lactate to control the pH, 

Willet and Ohms, l95, (56, pp. 275-2O), thiol corn- 

pounds, Norman et al. 1956, (27, P. 632), and 

excess phosphate ions, (24, pp. 202-207). The problem 

in this method is to remove the inhibitor to reverse 

the motility when needed by washing the cells with 

alkali or by diluting inhibitory ions with stirnu- 

latory ones. The fertility of such inhibited cells 

has not been established. 

Recently work or progress with semen preservation 

by using gases as partial metabolic control made it 

possible to keep the semen partially aerobic, but 

this method is harmful to some extent because the 

mammalian spermatozoa exhaust the intra-cellular 

vital substance unless they are provided from the 

outside and because of the formation of the harmful 

by-products resulting from oxidative metabolism such 

as hydrogen peroxide, (22, p. 117). 



The gases more corrmon1y used for storage of semen 

are nitrogen and carbon dioxide. The metabolic 

activity of spenn under nitrogen is more than under 

carbon dioxide because the latter inhibits sperm 

metabolism, (36, pp. 99-99O). The workers at Oregon 

State University used another gas, argon. They 

believed that treated liquid semen with argon gas and 

carbon dioxide gas pressure would not affect the 

fertilization in dairy cattle. Fertility trials 

with the gas treated semen retained the fertilizing 

capacity for fourteen days, Kliewer, (ls). 

The author studied the metabolism of bovine 

spermatozoa under argon gas and carbon dioxide gas 

pressures by measuring oxygen uptake at different 

periods of storage and different pressures. 

The researchers of Oregon State University 

believe their newly developed method of using gas 

pressure for semen offers a new method of retarding 

spermatozoa metabolism. This new approach to semen 

preservation extends the usefull life of spermatozoa 

and offers a good method for artificial insemination 

where freezing is not practical. 



REVIEW OF LITERATURE 

The physical and chemical characteristic of 

sperm have been studied nearly three centuries ago, 

Perry, (30, p. 11). Many workers have made much 

progress by studying the relation between the physical 

and the chemical phenomena of sperm; also the motility, 

concentration, abnormality, oxygen uptake, toxicity 

and the factors affecting each of these phenomena. 

Iwanow, (16, pp. 101-104) studied the relation 

between glycolysis and motility of the sperm and 

found that glycolysis is not necessary for the sperm 

to move. VanDemark et aL, (50, pp. 353-360), 

showed the relation between the oxygen damage and the 

motility of bovine spermatozoa. They studied the 

sperm activity stored with egg yolk-citrate diluent 

under nitrogen, oxygen and air at 5°C. by adding 

catalase to each of them. They found decreased 

amounts of oxygen in the sealed vial, increased liv- 

ability during storage, that loss of sugar is in- 

dependent of semen quality and that accumulation of 

lactic acid is less under nitrogen than air. They 



found that oxygen is harmful for spermatozoa motility 

and the addition of catalase is an effective method 

to maintain a higher percent of motile sperm and a 

higher rate of motility. They found that motility 

is reduced by gentle shaking the control samples, 

but by adding catalase, high motility was maintained 

with shaking. 

Walton and flott, (52, pp. 33-35), also studied 

the metabolism of sperm. They showed, by putting 

undiluted bull and ram semen in cellophane tubes and 

putting it in Krebs-ringer-bicarbonate solution which 

had been saturated with 95% oxygen and 5% carbon 

dioxide or 95% nitrogen and 5% carbon dioxide, high 

activity resulted when fructose was added under 

oxygen but was less when fructose or oxygen was 

omitted. The spermatozoa were quickly immobilized 

in the absence of the oxygen and fructose, but when 

oxygen or fructose or both of them were added, the 

sperm recovered. 

Flerchinger et al., (10, pp. 1006-1014), 

found that incubation of bull semen at 37°C. causes 

increased accumulation of lactic acid levels when 

compared with fructose loss, sperm concentration and 



r1 

and initial motility of sperm. VanDemark and 

Bartlet, (49, p. 732), showed that the Illinois 

variable temperature diluent had an influence on the 

survival of bovine spermatozoa. They stored semen at 

40°F. with IVT diluent. The motility decreased from 

71% to 63% in seven days and to 14% in twenty days. 

Then they increased the level of egg yolk and glucose 

and added catalase to the diluent; the motility 

changed from 71% to 67% in seven days and to 43% in 

twenty days. 

Freund et al0, (12, pp. l30-l3l6), studied the 

influence of sperm concentration and the initial 

fructose level on the fructolytic activity. They 

found that both concentration of the sperm and the 

initial fructose level of semen samples influenced 

the amount of fructose utilization by bovine 

spermatozoa. Chemical changes of stallion semen 

during storage has been studied by Soliven, (43, 

pp. 17-23). He found that slight changes in pH 

from normal in either direction impaired the motility 

of the sperm. Motile sperm appeared to use glucose 



with increased acidity in storage without suitable 

buffering agents. This study showed a relationship 

between the sperm and the seminal plasma. 

Smith et al., (41, pp. 521-527), studied some 

characteristics of washed spermatozoa by using a 

manometric technique. They found a highly sig- 

nificant stimulation of succinic dehydrogenase 

activity of bovine spermatozoa and its possible 

relationship to the removal of DPN by the washing 

treatment. Also they found that an apparent slight, 

though not statistically significant, stimulation of 

malic dehydrogenase activity of bovine spermatozoa 

was absorbed which seemed to be related to the re- 

moval of DPNase by washing of the spermatozoa. 

Smithetal., (40, pp. 516-520), found a relation- 

ship between the season and succinic dehydrogenase 

activity of the bovine spermatozoa by the same tech- 

nique. They showed that the succinic dehydrogenase 

activity varies with the temperature changes during 

the year; a decreased activity was observed at higher 

environmental temperatures. They observed that the 

activity was at the lowest level during the period 



when fertility was low. Also, they showed that 

stimulation of succinic dehydrogenase in washed sper- 

matozoa during the summer was more than during winter. 

The source of succinic dehydrogenase has been 

indicated by Nelson, (26, pp. 494-501). He separated 

homogenized bull sperm into head, mid-piece and tail 

fractions by differential centrifugation; the succinic 

dehydrogenase activity was more in the tail than the 

mid-piece. Also, he showed that the distribution of 

cytochrome C parallels the distribution of the succinic 

dehydrogenase and that the head of the sperm is inert 

with respect to the two enzymes. 

There is a relationship between egg yolk and the 

activity of the dehyrogenase; the relation had been 

indicated by Smith and Mayer, (42, pp. 552-560). They 

added egg yolk to unwashed and washed bovine spermatozoa 

and observed stimulation of the activity of succinic, 

malic, and glyceraldehyde-3-phosphate dehydrogenase. 

This stimulation was believed to be beneficial to sperm 

survival and persistence of motility confirming that the 

boiled milk stimulates the activity, whereas unboiled 



11 

milk failed to do this. They found also that the 

dehydrogenase stimulating factor in egg yolk was 

associated with the acetone soluble portion; cholestrol 

stimulated succinic dehydrogenase activity, but in- 

hibited the other two enzymes. Also, they found that 

carotene stimulated both succinic and malic and gave 

variable effect upon the third dehydrogenase. 

Since the energy is the source of the movement for 

any organism, the spermatozoa need an energy source for 

their movements. ATP is a readily available energy 

because it has a high energy load. 

Mann, (23, pp. 4l5-45), found that under aerobic 

conditions, ATP undergoes characteristic changes during 

the metabolic activity of the ejaculated bovine 

spermatozoa and the ATP content is decreased and this 

decrease coincides with the loss of motility. He also 

found that a considerable amount of NH3 formation takes 

place during storage of semen at 37°C. and in a sperm 

free seminal plasma. Gentle shaking did not cause 

(mechanical injuries) an increase in the number of 

tailless head or abnormal form of spermatozoa, but in- 

creased H202 which affected the motility of the sperm. 
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Not only NH3 and H202 are produced by semen but also 

carbon dioxide. This has been indicated by O'Dell 

! :.:' (2e, pp. 2l4.-2l). They showed that 

g1ycerol-1-C-4 entered bull spermatozoa and was con- 

verted to 011+02 during aerobic incubation. This 

oxidation of glycerol was affected by the metabolism 

of the spermatozoa and not by the enzymatic activity 

of the seminal plasma. Spermatozoa which were sep- 

arated from the seminal plasma showed a higher uptake 

and a higher metabolic utilization of glycerol than 

did spermatozoa in the presence of seminal plasma. 

Though CO2 is produced by semen, it can be used as a 

reversible inhibitor of spermatozoa metabolism 

This phenomena has been announced by Salisbury and 

VanDemark, (36, pp. 99-99O). They found that at low 

concentration of CO2 the life of spermatozoa is pro- 

longed at 37°C. under aerobic or an aerobic conditioner, 

but high concentration of CO2 in buffered media inhibited 

the metabolism and motility reversibly. They also 

indicated that fertility of bovine semen in media sat- 

urated with CO2 was not impaired after storing for 

several days at room temperature at 100% CO2. Under 
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nitrogen containing 5, 25, 50, and 75% CO2 and under 

CO2 gas alone the acid production from glycolysis by 

spermatozoa was depressed by each increment of CO2 in 

direct proportion to the part of CO2. With nitrogen alone 

the glycolytic activity was greater than any combinations 

of nitrogen and 002. CO2 alone almost eliminated 

glycolysis. Many workers have used the rnanometric 

technique to study the phenomena of 02 uptake by 

spermatozoa and its relation to quality of semen, 

motility of the sperm, carbohydrate utilization by sperm 

and the fertility 

Rendez, (33, p. 234), showed that bovine spermatozoa 

utilized 9.0 cubic milliliters of 02/milligram of dry 

weight per hour, and guinea pig semen 7.00 cubic 

milliliters. There is a correlation between the res- 

piration and the service per conception as claimed by 

Walton and Edwards, (53, pp. 254-259). They also 

claimed there is no correlation between fertility and 

volume or density and total number of sperm, and that 

active sperms when judged by respiration have a greater 

chance to produce offspring if there is a high initial 

respiration rate of sperm at collection time. Sperm can 
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retain these qualities during storage and retain its 

capacity for fertilization longer than sperm with low 

initial respiration. They claimed, too, that the results 

obtained from a study of the comparison of breeding records 

of thirteen bulls taken as the measure of their fer- 

tility the number of matings required to produce pregnancy 

in cows were substantiated. The variations of the rate 

of respiration of human spermatozoa were inversely 

correlated with the age of the sample and directly 

correlated with the number of cells per unit volume. 

Shettles, (39, pp. 4O-4l5), found that pure nitro- 

gen, nitrous oxide, helium and air reduced to a very low 

pressure, retained the activity of the human sperm for 

a long time. Helium and pure 
°2 

showed increased activity 

but CO2 inhibited the activity within a few minutes. He 

showed, too, that replacing CO2 by 02, N2 or air, the 

motility of the spermatozoa keeps longer in storage. 

Sulfonamide depresses oxygen utilization. Knodt and 

Salisbury, (19, pp. 285-291), used 300 mg of sulfonamide 

per 100 ml of yolk-citrate diluent. They stored the 

diluted semen at 5°C. and measured the 02 uptake at 37°C. 

They indicated that sulfonamide caused improvement in the 

spermatozoa livability over twenty days by preventing 



15 

bacterial growth, but glucose and 02 utilization was de- 

pressed. Although it depressed glucose and 02 

utilization, it improved the fertility of semen used for 

artificial insemination of cattle. 

The work of Knodt and Salisbury, (19, pp. 25-29l) 

showed there is no relation between 02 uptake and 

fertility of semen and this idea was supported by Gosh 

et al., (14, p. 265). They found no correlation between 

the respiratory activity of bull semen and fertility as 

assessed on the basis of artificial insemination records. 

Egg yolk also influences oxygen uptake. Tosic and 

Walton, (45, p. 69), found that °2 uptake of bull semen 

was greater with egg yolk phosphate than phosphate alone. 

They also foundthat H202 is formed by diluted semen in 

amounts toxic to spermatozoa by the oxidative deamination 

of L-tryptophane, L-tyrosine and L-phenylalanine. Tosic 

and Walton, (46, p. 199), also found that in the absence 

of catalase, H202 is accumulated in diluted semen and de- 

pressed the respiration of the sperm. These results are 

supported by Wu et al., (59). 

The relation of °2 uptake to respiratory quotients 

of bull semen in citrate-glucose buffer was studied by 

Baker et al., (3, p. 7). They took nineteen samples 



of bull semen treated in citrate-glucose buffer and 

measured °2 uptake and 002 given up. They found that 

higher respiratory activity oxidized more hexose than that 

of low respiration. Marcus and Salisbury, (24, pp. 114- 

lla), studied the effect of semen dilution with saline, 

phosphate solutions, to a yolk containing extender on 

the oxygen uptake and motility of bull spermatozoa. They 

found that saline phosphate alone as semen dilutent de- 

pressed the 2 uptake and motility under aerobic con- 

ditions, but dilution of semen with egg yolk phosphate 

extender stimulated °2 uptake and not sperm motility 

They added catalase to the diluent and it did not improve 

the motility significantly, but it improved 
°2 uptake. 

The effect of sperm concentration on the 02 uptake 

of bull semen has been verified by Bishop and Salisbury, 

(.5, pp. 107-112). They measured 2 uptake of washed 

spermatozoa at their natural concentration and at varied 

concentrations by removal or addition of seminal plasma. 

They found that °2 uptake was inversely proportional to 

the concentration of the spermatozoa. They also found 

02 uptake was related directly to the pH of the sample 

and that pH was related inversely to the concentration of 

the sperm in the sample and that motility was not related 
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to 02 uptake. 

White, (54, pp. 23-25), studied the effect of some 

inorganic ions on mammalian spermatozoa. He found that 

K+ was necessary for normal function of bull or ram semen, 

but in high concentration it was toxic, that Mg too 

was necessary for maintenance of motility of both of them, 

but Ca depressed the motility; that cadium was toxic 

to human spermatozoa and phosphate inhibited sperm mo- 

tility and °2 uptake. He found also that phosphate at 

high concentration was accompanied by an accumulation 

of lactic acid, if glycolysable material was present. 

The °2 uptake by semen is not 
influenced by the season 

of the year. Salisbury and VanDemark, (35, p. 275) found 

that the rate of aerobic utilization of fructose by sperm- 

atozoa collected from some bulls in the summer months was 

significantly less than that by spermotozoa collected 

from the same bulls in the winter months; though the 

utilization of 02 remained nearly the same. 

The effect of pH on the metabolic activity was also 

studied by Salisbury and VaniJemark, (3g, pp. 1343-1349), 

who had shown there is a relationship between the pH and 

aerobic fructolysis; high pH causes a higher rate of 



fructose utilization and more lactic acid is produced, 

but there is no relation between 
°2 

uptake and pH. Not 

only do the changes in the components of the extender 

influence the metabolism of semen but also the bacterial 

contamination. Truebloodetal., (47, pp. 149-153), 

found that bovine seminal plasma had little or no meta- 

bolic activity, bacillus or pseudomonas added to semen 

samples influenced °2 uptake in three hours. It was 

significantly higher than semen samples alone. It was 

also higher than the total 02 uptake by semen and the or- 

ganism separately. They added fresh sperm cells to the 

filtrate of the incubated bacteria plus semen and ob- 

served stimulation too3 .ich suggested it was due to 

the ability of sperm cells to utilize the bacterial inter- 

mediate metabolite. They indicated also that strepto- 

mycin has little or no effect on the metabolism of sperm 

cells or on pseudomonas organisms but it had an influence 

upon the respiration of the bacillus inhibitor. 

There is no relation between 02 uptake and ratio of 

exposed surface area to volume of the fluid in the flask, 

Salisbury and Sharama, (37, pp. 677-6l). White, (55, pp. 

307-310), found that washed bull spermatozoa metabolize 
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glycerol aerobically and produce lactic acid and material 

suggested as fructose. He showed that this process is 

accompanied by increased 02 uptake and decreased aerobic 

fructolysis. The relation of osmotic pressure and the 

metabolic behavior of semen was studied by Cragle and 

Salisbury, (, pp. 1301+-1313). They did not find any 

relationship between osmotic pressure and °2 uptake, 

fructose utilization and lactic acid accumulation. Also, 

they did not find any relationship between variable pH 

and the metabolic response. 

Argon is one of the inert gases. The inert gases are 

are stable, Parks, (29, p. 9). Not much work had been 

done on these gases because of their stability in re- 

actions. Some workers recently did some work to learn 

the relationship of these gases with the biological 

system. Wittenberge, (57, pp. 73-O4), found that the 

secreted mixture of gas into the swim bladder of fish 

of many species is a composite of inert gases--argon, 

neon, helium and nitrogen. He determined the components 

by mass spectrometer. He suggested that when the 02 

was secreted in the bladder, the inert gases which are 

dissolved in the tissue fluid diffused with them. 
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The effect of helium and argon on metabolism was 

studied by Cook, (7, pp. 115-129). He substituted 

helium for N2 in air at normal barometric pressure and 

found no 02 consumption by yeast, drosophilla 

melanogaster, zootermopsis nevadenis or coleomy vari- 

agatus. He found that helium accelerates 
°2 

consumption 

by larva, pupa and' probably adults of teneberio malitor. 

His work with argon showed that it does not alter the 

CO2 production by mice. 

Carpenter, (6, pp. 471-472) studied the depressant 

action of inert gases on the central nervous system in 

mice. He measured the depressant action of N2, 

argon, sulfurhexofluoride and nitreous oxide by deter- 

mining the partial pressures which will abolish the 

response following supramaximal electroshock in mice. 

He found that 265 PSI of N2, l5 PSI of argon, 27 PSI 

of sulfurhexofluoride and .6 PSI of nitreous oxide 

protected 50% of the mice. Also he found that the con- 

vulsive seisures induced in white mice by 90 PSI of 

were considerably diminished by the exposure of the 

animals to 400 PSI of N2. 
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The inorganic chemist Amin, (2, P. 179), pro- 

duced H202 in the presence of aqueous solutions of Nobel 

gases and 02 but not in the presence of H2, by using 

ultrasonic radiation. 

Recently some workers have started to preserve 

semen under inert gas pressure. 

Peterson and Norlund, (31, pp. 223-225), stored 

diluted semen for twenty-four hours at 40G, and there- 

after, part of this stored semen was stored at 6°C. 

as control and the rest stored at 6°c. and subjected to 

N2 pressure of 150 atmospheres for fifteen days. They 

found that bull spermatozoa can survive under nitrogen 

for fifteen days. 

The Oregon State University workers thought that 

inert gas pressure might be useful for semen preser- 

vation. For this reason Wolberg, (5e, p. 51) subjected 

bovine semen under gas pressure--20 PSI of N2 or CO2 for 

one hour. His diluent was 1:3 egg yolk-citrate with 

antibiotic, 1000 lU penicillin and 1000 microgram of 

streptomycin per milliliter of diluent. He stored the 

semen at 4°C. and found that four to five days showed 

better conception with CO2 than normal semen used at the 
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first three days storage and the motility improved in 

seven days under both of these gases. He used homo- 

genized milk as media too, but found that N2 with this 

milk is not good but CO2 is satisfactory. 

Kliewer, (le) treated the diluted semen with CO2, 

N2 or Argon pressure, 20 PSI for one hour at room temp- 

erature, then sealed with wax and stored at 4°C. for 

three, four, seven, ten and fourteen days. He found 

that the motility improved under gases, favoring Argon, 

N2 and CO2 in this order. He found no relationship 

between pH change and motility. He inseminated cows 

and found no significant difference between control 

semen used from one to four days and CO2 or N2 treated 

semen used one to seven days, or Argon used from one to 

fourteen days. 
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MATERIALS AND METHOD 

Two Hoistein-Friesian bulls were used; one of them 

was one and a half years old and the other three and a 

half years old. Six ejaculates were taken from each 

bull over a six week period. For all collections the 

artificial vagina was used, with temperature ranging 

from 50-54°C. There was a special artificial vagina for 

each bull which was washed with hot water immediately 

after collection and then rinsed with seventy percent 

ethanol, thereafter rinsed with distilled water. The 

extender components were three parts of 2.9% sodium 

citrate and one part egg yolk. Sodium citrate was pre- 

pared by boiling one liter of distilled water to which 

was added twenty-nine grams of NA3C6H507.2H20 of s6dium 

citrate and stored at 5°C. 

The egg yolk-citrate extender was prepared for 

each collection period. 

Penicillin (potassium crystalline G) and dihydro- 

Streptomycin sulfate were used as antibiotics. The 

level of penicillin used was 1000 lU per milliliter and 

the level of dihydro-streptomycin sulfate was 1000 

micrograms per milliliter. Every sample was stored at 
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least six hours before being used with Warburg apparatus 

to measure O2uptake. The six hour period was used to 

control pathogenic microorganisms such as vibrio-fetus, 

Frank,(1l, p. 224). 

All the collections from both dairy bulls were 

standardized to 40 x io6 spermatozoa per milliliter and 

put in 5 milliliter glass vials containing only 4 

milliliters of egg yolk-citrate extender (1:3). The 

sperm count was made by diluting a part of the fresh 

whole semen in a ratio of one part of semen to 100 parts 

of diluting solution. The diluent components were 9.5 

milliliters of distilled water, 0.2 milliliter of car- 

bofuchsin dye, 0.2 milliliter of grams iodine and 0.1 

milliliter of fresh semen. 

For determining the sperm concentration a 

haemocytometer was used and the count was made under the 

high objective (430X). 

The abnormal cells were also calculated. Theun- 

usual forms from normal morphology had been observed were 

broken and coiled tails, protoplasmic beads in the mid- 

piece, tailless or headless spermatozoa or immature cells. 

Differential staining was used for counting dead 

and live sperm cells. A solution of 5.0 percent nigrosin 
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and 1.0 percent eosin mixed in three percent solution 

of sodium chloride was used as a dye to count the live 

and dead spermatozoa, Rai, (32, pp. lO-l). Oil 

immersion microscope (97OX) was used and an area of 200 

cells counted and thereafter the percentage of dead 

cells was determined. 

After collection and standardization, split samples 

in twenty-four (5 ml) vials with four milliliter of 

semen containing 16 x 107 sperm cells per vial were ob- 

tamed. The samples were subjected to ten, twenty, or 

thirty pounds pressure per square inch (PSI) of either 

carbon dioxide or argon gases for sixty minutes at room 

temperature (during the summer room atmospheric temp- 

erature was approximately 25°C.). The treated samples 

were placed in an aluminum pressure chamber and sub- 

jected to the different pressures and the different time 

periods studied, After the treatment, the samples were 

immediately stoppered at atmospheric pressure and sealed 

with hot liquid paraffin; thereafter, the treated and 

control vials were stored at 5°C. The treated and 

control samples were maintained at the same temperature 



in all trials. 

The shape of the chamber was a cylindrical type, 

having a cover which could be well sealed. The entrance 

of the gas into the chamber was controlled by the inlet 

valve and pressure gauge. 

A mixture of two percent oxygen in argon and 

liquified carbon dioxide were used. The cylinder con- 

tained gas pressures up to 2000 PSI. 

All samples which were treated under different gas 

pressures were stored for four, eight, or twelve days 

(control and treated) for comparison of storage survival, 

survival, motility, and oxygen uptake. The storage 

temperature for all samples was the same, 5°C. Samples 

were used from the refrigerator and evaluated on zero 

days, four days, eight days, and twelve days. Duplicate 

vials of control and treated were used at each obser- 

vation interval. 

The microscopic evaluation for motility was rated 

from O - 10 at (410X) magnification. Vials were taken 

from the refrigerator four at a time, two controls and 

two treated samples. These vials were shaken gently to 

remove precipitation at the bottom of the vial, then 
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left for five minutes at room temperature to allow for 

the motility to reach the peak. After that, the samples 

were placed in a Warburg apparatus which was used 

according to the method of TJmberit, Burns and 

Stauffer, (51, p. 9). The measure of oxygen uptake was 

according to the method of Wu et al., (59). 



RESULTS AND DISCUSSION 

I. Argon Gas Pressure 

The results of argon gas pressures at 10, 20 and 

30 PSI/hour are shown in Tables 1, 2 and 3, respectively. 

The tables are represented by the Figures 1 and 2, 

3 and 4 and 5 and 6, respectively. 

Table i shows the oxygen uptake, motility and per- 

cent of live sperms for the untreated and treated diluted 

semen samples under 10 PSI/hour with argon gas pressure. 

Tables 2 and 3 show the same results as Table 1 but with 

20 and 30 PSI/hour respectively. 

Figure 1 shows the relation between oxygen uptake 

and motility which is also indicated by Table 1. Figure 

2 shows the relation between oxygen uptake and percent of 

live sperm as indicated also in Table 1. 

Figures 3 and 4, and 5 and 6 show the same re- 

lations as Figures 1 and 2 but are indicated in Tables 

2 and 3, respectively. 

Tables 1, 2 and 3 (appendix) show the oxygen uptake 

in ul, consumed by control and treated semen at 10, 20, 

and 30 PSI/hour with argon gas pressure, respectively. 
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The oxygen uptake by the control semen under 10 

PSI/hour was 30.04 uL and 167.12 uL at zero days and 

after 12 days of storage respectively. The argon 

treated samples consumed 25.3 uL and 41.47 at the 

same storage periods. Under 20.PSI/hour, the oxygen 

uptake by the control semen was 29.9e uL and 111.75 

uL, but the treated semen was 43.15 and 5.3l at zero 

days and 12 days storage periods, respectively. The 

oxygen uptake under 30 PSI/hour was 30.52 and 29.57 

as compared to 29.02 and 9.52 for the control samples 

at zero days and 12 days storage periods. 

Table 1 (appendix) indicates a significant 

differerence between control and treated samples and at 

different storage periods and there was an interaction 

between the treatments and different storage periods 

at 0.05 level of probability. 
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Table 1. A. The relationship between the mean of the 
sperm motility, oxygen uptake, and 
percent live sperm in control and 
treated diluted semen under 10 PSI/hour 
with argon gas pressure at different 
storage periods. 

Time Control Treated 
of 

storage L 02 %sperm uL 2 %sperm 
(days) uptake Motility alive uptake Motility alive 

O 9.5 76 25e3 9.5 76 

4 53.33 7 72 37.91 6.75 64 

90.4e 5 56 19.27 5.5 52 

12 167.12 1 40 41.47 2.5 45 

B. Mean characteristics of ejaculated whole fresh 

semen 

1 - Volume 7 cc. 

2 - Concentration . 

3 - Abnormal sperm 55% 

Tables 2 and 3 (appendix) indicate a significant 

difference between treated and control samples and at 

different storage periods but no interaction between 

treatment and different storage periods at 0.05 level 

of probability. 
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Figure 2. Relationship of oxygen uptake to percent live sperm 
at different storage periods under 10 PSI/hour Argon 
gas pressure. 
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The statistical analysis. has been done by Factorial 

experimental method, Li, (21, p 309). 

Since the argon is an inert gas, Parks et al., 

(29, p. 9), it was used for semen preservation, Wolberg, 

(5e, p. 51), Kliewer, (le). The rate of metabolic 

activity aerobically for semen is higher than anaero- 

bically. Hence, the rate of exhausting components of 

semen which are necessary for sperm motility and liv- 

ability aerobically is more than anaerobically. For this 

reason it is difficult to preserve diluted semen 

aerobically more than one week for artificial insemination 

usage. 

Argon gas was used in this trial for semen pre- 

servation to reduce the aerobic metabolic activity, to 

preserve essential nutrients, to keep the sperm alive for 

a longer time and to reduce the toxic by-products pro- 

duction. 

Tables 1, 2 and 3 show that more oxygen was taken 

by the control than by treated semen and this amount 

increased directly with the storage period, the motility 

was depressed and the percent of live sperm decreased, 

too, directly with storage periods. The increase in 
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oxygen uptake by the control semen samples is evidence 

that the growth of bacteria in treated samples 

inhibited metabolic activity more than in non-treated 

samples. 

Table 2. A. The relationship between the mean of the 
sperm motility, oxygen uptake, and per- 
cent live sperm in control and treated 
diluted semen under 20 PSI/hour with argon 
gas pressure at different storage periods. 

Time Control Treated 
of 

storage uL 02 %sperm uL °2 %sperm 
(days) uptake Motility alive uptake Motility alive 

O 29.9e .00 79 43.15 9.00 79 

4 43.44 6.75 60 27.23 7.75 63 

l2.39 5.00 52 67.4e 6.00 59 

12 111.75 2.00 46 5g.3i 3.00 

B. Mean characteristics of ejaculated whole fresh 

semen 

1 - Volume 5.3 cc. 

2 - Concentration E. 

3 - Abnormal sperm 32%. 
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ent storage periods under 20 PSI/hour Argon gas pressure. 

35 



.... . t 

I 
: 

' 

'. s s 

' 

\ 

' 

\... . . . . . . 

4 
. . 

. . 

1 . . 's.., . .. . . 
I 

:::::::::: :::::: 
. . ': . . . 

., . . 
I 

. . . . :: . . ::: . . 

. . . . . . 
. . 1 

::* 

4, 
I., 
s, 
.4 



37 

It is impossible to collect completely sterilized 

semen samples, Salisbury and VanDemark, (35, p. 404.). 

Since the added penicillin and streptomicin are 

effective only on gram positive micro-organism, other 

types of bacterial are resistant to anti-bacterial 

compounds, Salisbury and Vanflemark, (35, p. 405). The 

resistant bacteria grow under normal conditions in the 

diluted semen sample. The oxygen uptake in spermatozoa- 

Escherichia Coli or semen-Escherichia Coli suspensions 

increased above the sum of the oxygen uptake of 

spermatozoa alone plus the 02 uptake of Escherichia 

Coli alone, Wu et al., (59), because the sperm cells 

are stimulated by utilizing the bacterial intermediate 

metabolite, Trueblood et al., (47, pp. 149-153). 

Knodt and Salisbury, (19, pp. 25-29l), found also 

that by preventing growth of bacteria with sulfonamide 

the oxygen uptake and glucose utilization by the bovine 

spermatozoa was depressed. 

Generally, the results in the tables (appendix) 

showed that oxygen uptake for treated semen samples under 

different gas pressures and the controls was more the 

first twenty minutes than the last twenty minutes of a 

two-hour measuring oxygen uptake period. This was 
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probably caused by an accumulation of hydrogen peroxide 

during the shaking period, Mann, (22, p. 117), as a re- 

sult of a lack of catalase, VanDemark et al., (50, pp. 

353-360) and exhausting the glucose by aerobic and 

ánaerobic glycolysis. It was suggested that glucose 

blocks formation of amino oxidase and provides pyruvate 

to react with hydrogen peroxide, Wu et al., (59). 

Table 3. A. The relationship between the mean of 
sperm motility, oxygen uptake, and per- 
cent live sperm in control and treated 
diluted semen under 30 PSI/hour with 
argon gas pressure at different storage 
periods. 

Time Control Treated 
of 

storage uL 02 %sperm uL 02 %sperm 

(ciays) uptake Motility alive uptake Motility alive 

0 29.02 9 4 30.52 9 

4 39.17 7 70 30.05 6 69 

107.44 5 55 52.22 5 60 

12 9.52 3 50 29.57 2.5 54 

B. Mean characteristics of ejaculated whole fresh 

semen 

1 - Volume 6 cc. 

2 - Concentration 7. 

3 - Abnormal sperm 40%. 
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Figure 5. Relationship of oxygen uptake to spera aotility at dif fer- 
cnt storage periods under 30 PSI/hour Argon gas pressure. 
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Tables 2 and 3 show depressing effects upon 

oxygen uptake after one week of storage for control 

samples. The depressing effect might be due to 

denatruation of some enzymes necessary for metabolic 

activity of the micro-organisms. If this is true, it is 

not known whether this denaturation is reversible or not, 

not, Fruton and Simmonds, (13, p. 153). 

This motility of the sperms was different under 

different treatments. Generally, the different argon 

gas pressures did not depress the motility of the 

spermatozoa too much. The 02 consumed by semen under 

20 PSI/hour was higher than under 10 PSI and under 10 

PSI/hour was higher than under 30 PSI. The glycolytic 

activity during storage under 10 PSI/hour with argon gas 

pressure was higher than that under 20 PSI/hour0 

Rendez, (33, p. 234), and Walton and Dott, (52, pp. 

33-35), illustrated the importance of available car- 

bohydrate for activating sperm motility. Decrease of 

motility may have been caused by exhaustion of nutrient 

ingredient for sperm and an accumulation of more by- 

products which affect sperm motility more than the 20 

PSI/hour treatment of the diluted sample. The increase 



42 

of metabolic activity under 10 PSI/hour was more than 

under 20 PSI. This suggests that the spermatozoan 

activity was inhibited directly in proportion to the 

pressure increase. There is a possibility that more air 

entered the vial of the 10 PSI/hour treatment than at 

20 PSI due to the higher pressure in the latter during 

the process of stoppering. There was no improvement in 

sperm motility under 30 PSI/hour. It is suggested that 

it was not only a result of inhibition of micro-organisms 

by replacing air with inert gas, but it is also suggested 

that high pressure directed to the spermatozoa may be 

harmful and affects their motility. 

The relationship between sperm motility and oxygen 

uptake was very clear as shown in Figures 1, 3 and 5. 

In all control and treated samples of semen the 

motility was depressed directly in relation to storage 

periods but the rate of depressing was different with 

different treatments. The amount of oxygen taken up by 

spermatozoa in micromoles at the end of storage was no 

less than that at the beginning of storage peribd. 

Hence, there was negative correlation between sperm 

motility and oxygen uptake by spermatozoa. This result 
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has been indicated by Marcus and Salisbury, (24, pp. 

202-207), and Bishop and Salisbury, (5, pp. 107-112). 

The percent of live sperm was decreased directly 

proportional to storage periods upon control and treated 

semen samples under different argon gas pressure as 

shown in Tables 1, 2 and 3. Decrease in live sperm 

percentage was probably due to the growth of bacteria, 

exhaustion of nutrients, accumulation of toxic by-pro- 

ducts anaerobically such as lactic acid and aerobically 

such as hydrogen peroxide . Figures 2, 4 and 6 showed 

negative correlation between the percent of live sperm 

(concentration) and oxygen uptake. Increase of con- 

centration of sperm cells was associated with increase 

in metabolic inhibitors. This phenomena is known to 

occur in the epididymal spermatozoa where the sperm cell 

concentration is very high and the metabolic activity of 

the spermatozoa is very low because of metabolic in- 

hibitors. These inhibitors are diluted by the fluid 

of the accessory glands at the ejaculating period thus 

causing activation of the spermatozoa. These results 

support the results indicated by Illinois worker, 



44 

Bishop and Salisbury, (5, pp. 107-112). Results indicated 

that the oxygen uptake was inversely proportional to 

concentration of semen. 

Tables 1, 2 and 3 indicated that both motility 

and percent live sperm were depressed during the stor- 

age period for both control and treated diluted semen 

samples but the rates of depressing both the motility 

and percent live sperm were not related to each other. 

The sensitivity of the sperm was different with 

different inhibitors which indicates that the sperm 

motility may have been inhibited but not dead. 

II. Carbon Dioxide Gas Pressure 

The oxygen uptake of treated semen samples was 

39.41 uL and 5.50 uL and for control was 23.94 uL 

and 11.41 uL at zero and 12 days storage period, re- 

spectively, under 10 PSI/hour carbon dioxide gas pre- 

ssure. Under 20 PSI/hour, the oxygen uptake was 56.73 

uL and 67.17 uL for treated semen, and 26.61 uL and 

7.05 uL for control at zero and 12 days storage period, 

respectively, but the oxygen uptake for treated semen 

was 64.19 uL and 69.30 uL and for control was 35.17 uL 
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and 167.30 uL under 30 PSI and at zero and 12 days 

storage periods, respectivelye 

Tables 1, 2 and 3 (appendix) show the relationship 

between oxygen used by control and treated diluted semen 

samples under different carbon dioxide gas pressures and 

at different storage periods. There was a significant 

difference between different treatments and at different 

storage periods under 10 and 30 PSI per hour with carbon 

dioxide gas pressures. The statistical analysis method 

used was the factorial experiment design as indicated 

by Li, (21, p. 309). 

Tables 4, 5 and 6 indicate the relationship be- 

tween sperm motility, oxygen uptake and percent live 

sperm at different storage periods and under different 

carbon dioxide gas pressures. 

Figures 7 and , 9 and 10, 11 and 12 show the re- 

lationship of Tables 4, 5 and 6, respectively when 

compared to the different phenomena of motility, per- 

cent alive and oxygen uptake. Since carbon dioxide 

almost inhibited the glycolytic activity it was used to 

preserve semen and to preserve the source of energy for 

the sperm for a longer period of time, Salisbury and 
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and VanDemark, (36, pp. 99-99O). The life of sperm- 

atozoa was prolonged at 37°C. under aerobic and anaero- 

bic conditions because the metabolic activity was reduced 

with carbon dioxide gas. The oxygen uptake of the sperm 

under 10, 20 and 30 PSI of carbon dioxide gas pressures 

was less than with control samples. The change was due 

to the probability of inhibition action of carbon dioxide 

Table 4. A. The relationship between the mean of the 
sperm motility, oxygen uptake, and per- 
cent live sperm in control and treated 
diluted semen under 10 PS I/hour with 
carbon dioxide gas pressure at different 
storage periods. 

Time Control Treated 
of 

storage uL 02 %sperm uL 02 %sperm 
(days) uptake Motility alive uptake Motility alive 

0 23.94 B.25 7 39.41 .50 7 

4 74.51 7.25 67 44.7 7.25 6 

106.93 5.75 60 54.25 5.25 63 

12 ll.4l 1.50 34 5.50 3 47 

B. Mean characteristics of ejaculated whole fresh 

semen 

1 - Volume 6.5 cc. 

2 - Concentration 10. 

3 - Abnormal sperm 36% 
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gas upon the micro-organisms and sperm. This substan- 

tiates the work of Wuet al., (59), Trueblood et al., 

(47, pp. 149-153). It indicates that the increase in 

2 uptake consumption was greater by semen-bacteria than 

by sperm alone. 

The metabolic activity of sperm cells was decreased 

in direct proportion to carbon dioxide gas concentration 

Salisbury and VanDemark, (36, pp. 99-99O). For this 

reason the difference in oxygen uptake between O &nd 12 

days storage periods was higher under 10 PSI per hour 

carbon dioxide gas pressure than 20 or 30 PSI. This 

difference indicates a probability that there was a 

slower growth of micro-organisms under 20 and under 

30 PSI than under 10 PSI. There was a significant 

difference in oxygen uptake between the treatments under 

10 PSI per hour and 30 but not under 20 PSI. The non- 

significant difference between control and treated samples 

under 20 PSI was due to less change in oxygen uptake 

between O day and 12 days storage periods by the control 

compared with the controls of 10 and 30 PSI. The oxygen 

uptake difference for control samples at 10, 20 and 30 

PSI per hour were 94.47 uL, 60.44 uL and 132.13 uL, 
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respectively, between O days and 12 days storage period. 

This indicated that the growth of micro-organisms was 

less in the control of 20 PSI than that of 10 or 30 PSI. 

It was suggested that it was due to less bacterial 

contamination aggravated by protein denaturation during 

storage. The results indicated that there was no re- 

lationship between oxygen uptake by all treatments under 

different carbon dioxide gas pressures because the 

specific effect of carbon dioxide gas almost inhibited the 

anaerobic activity of the sperm cells, Salisbury and 

VanDemark, (36, pp. 99-990). 

Table 5. A. The relationship between the means of sperm 
motility, oxygen uptake and percent live 
sperm in control and treated diluted semen 
under 20 PSI/hour with carbon dioxide gas 
pressure at different storage periods. 

Time Control Treated 
of 

storage uL °2 %sperm uL 2 %sperm 
(days) uptake Motility alive uptake Motility alive 

0 26.61 8,00 77 56.73 9.00 77 

4 46.85 7.00 70 60.62 7.75 67 

8 86.83 5.00 60 50.98 5.50 55 

12 87.05 2.00 57 67.17 3.00 53 
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B. Mean characteristics of ejaculated fresh whole 

sperm 

i - Volume 6 cc. 

2 - Concentration .5. 

3 - Abnormal sperm 3l% 

The motility of sperm was depressed in the control and 

also in the treated semen samples under different carbon 

dioxide gas pressures. The depressing effect upon 

motility was slower under 10 and 20 PSI per hour carbon 

dioxide gas pressure than 30 PSI. There was no improve- 

ment in sperm motility under 30 PSI per hour carbon 

dioxide gas pressure during 12 day storage. Since the 

carbon dioxide inhibited the metabolic activity and 

decreased the toxic lactic acid production, the sperms 

were preserved a long period of time under carbon dioxide 

gas, Salisbury and VanDemark,(36, pp. 99-99O). For this 

reason the motility of sperm had been improved under 10 

and 20 PSI of carbon dioxide gas pressures. The improve- 

ment under 20 PSI per hour was more than under 10 PSI 

because the glycolytic activity and acid production were 

probably more under 10 PSI per hour than 20 PSI Salisbury 

and Vanflemark, (36, pp. 99-99l). The motility of sperm 
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Table 6. A. The relationship between the mean of the 
sperm motility, oxygen uptake, and per- 

cent live sperm in control and treated 
semen under 30 PSI/hour with carbon 
dioxide gas pressure at different storage 
periods. 

- Time Control Treated 
of 

storage uL 02 %sperm uL 02 %sperm 
(days) uptake Motility alive uptake Motility alive 

0 35.17 9.00 64.19 .75 

4 3g.66 7.25 64 64.93 7.25 67 

l03.3 3.00 5 6.23 2.50 

12 167.30 2.00 47 69.30 .5 35 

B. Mean characteristics of ejaculated fresh whole 

semen. 

i - Volume 6.25 cc. 

2 - Concentration 

3 - Abnormal sperm 44%. 

may have been impaired under 30 PSI per hour because of 

the harmful effect of high pressure and the toxicity of 

carbon dioxide gas on the protoplasm of the spermatozoa 

thereby presenting a specific lethal action, Becker et al., 

(3, p. 161). Depressing effects on motility of control. 
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semen samples was probably due to bacterial growth, 

exhaustion of essential nutrients for sperm, and 

accumulation of hydrogen peroxide, Wu et al., (59); 

Knodt and Salisbury, (19, pp. 25-29l); Salisbury and 

VaniJernark, (35, p. 273); Walton and flott, (52, pp. 33-35). 

Since the livability improved with carbon dioxide 

in this experiment, it supported the result shown by 

Kliewer, (le); and Salisbury and Vanflemark, (36, pp. 

99-99l). 

Since the motility was correlated negatively with 

the oxygen uptake, it supported the results found by 

Ghosh et al., (14., p. 265), which indicated that there 

was no correlation between the respiratory activity of 

bull semen and fertility as assessed on the basis of 

artificial insemination records and also supported by 

the conclusion of Bishop and Salisbury, (5, pp. 107- 

112), and Marcus and Salisbury, (24, pp. 202-207). 

They showed that there was no relationship between oxygen 

uptake and motility of spermatozoa. 

The. percent of live sperm also decreased in the con- 

trol samples and the treated samples under different 

carbon dioxide gas pressures. It was assumed that it 



was due to exhaustion of essential nutrients, lack of 

catalase and accumulation of the toxic hydrogen per- 

oxide under aerobic conditions. It may have also been 

due in part to the accumulation of lactic acid and 

bacterial growth. The data in Tables 4, 5 and 6 

indicated that there was no correlation between per- 

cent live sperm and oxygen uptake. These results are 

in accord with the findings of Bishop and Salisbury, 

(5, pp. 107-112), and Marcus and Salisbury, (24, pp. 

202-207). They indicate that dilution of semen 

stimulated oxygen uptake of sperm of the bull as a 

result of diluting metabolic inhibitors of spermatozoa 

in the extender. 

There was no correlation between percent live sperm 

and motility because the motility of the sperm did not 

depend on the number of the sperm cells per volume unit. 
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SUIVUVIARY AND CONCLUSIONS 

Twelve semen samples were taken from two dairy 

bulls over a six week period. The number of sperm in the 

semen was standardized to 20 x 106 sperm per milliliter. 

Some diluted semen samples were treated with carbon 

dioxidé gas and others with argon gas under 10, 20 and 

30 PSI per hour at room temperature. The control and 

treated semen samples were stored at 5°C. for zero, four, 

eight and twelve days. The motility of sperm, oxygen 

uptake and percent live sperm were studied at those 

different storage periods. The manometric technique 

was used to measure the oxygen uptake by sperm. 

The extender components were 25% egg yolk and 75% 

sodium citrate with antibiotics added. 

In all cases the oxygen uptake by the control 

samples was higher than the treated samples. This was 

probably due to more bacteria growth in the control than 

in the treated samples. All the results showed evidence 

of inhibition effect of the micro-organisms under argon 

and carbon dioxide gas pressures. 



The results showed that the amount of' oxygen used by 

the sperm in the flask was higher at the first twenty 

minutes than the last twenty minutes during the two hour 

measuring period. The accumulation of toxic hydrogen 

peroxide during shaking periods in the Warburg apparatus 

and exhaustion of available carbohydrates for the micro-or- 

ganisms as an essentialnutrient in the substrate were 

probably the reasons for the change. The oxygen uptake 

was inhibited in some of the control samples after one 

week of storage. It suggested that it was probably due 

to denaturation of protein. 

There was a significant difference between treatments 

and between storage periods under lO, 20 and 30 PSI per 

hour with argon gas pressures due to the inhibition action 

of metabolic activity of sperm under argon. There was a 

significant interaction between treatments and storage 

periods under 10 PSI per hour with argon gas pressure. 

There were large amounts of micromoles of oxygen used by 

the sperm at twelve days storage period which indicate 

a high level of bacterial inoculation in the fresh whole 

semen. 
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There was no relationship between oxygen uptake 

and argon gas pressures when the total oxygen uptake under 

20 PSI per hour argon gas pressure was compared to 10 

or 30 PSI per hour of argon gas pressures. This indi-. 

cates a higher metabolic activity during storage under 

10 PSI per hour with argon gas than under 20 PSI; it 

further indicates an effect of pressure upon bovine 

spermatozoa under 30 PSI per hour of carbon dioxide gas 

causing a decrease of oxygen uptake. There was a 

significant difference between treatments and storage 

periods under 10 and 30 PSI per hour with carbon 

dioxide gas pressures due to the inhibition effects of 

carbon dioxide gas pressures. There were inhibition 

effects under 20 PSI per hour with carbon dioxide gas 

pressure, but there was no significant difference 

between control and treated sample. There was less 

oxygen taken up by the control sample at 20 PSI per hour 

than at 10 or 30 PSI per hour with carbon dioxide. 

There also was no significant difference between 

different storage periods under 10 or 20 PSI per hour 

with carbon dioxide gas pressures, but there was a 

significant difference under 30 PSI.1 
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There was no interaction between treatments and 

different storage periods under different carbon dioxide 

gas pressures. 

The motility of the sperm was depressed in all 

control and treated samples under 10, 20, and 30 PSI per 

hour with argon and carbon dioxide gas pressures. The 

depression of sperm motility and increase oxygen uptake 

were proportional to the storage periods. This fact 

indicated no relationship between sperm motility and 

oxygen uptake. 

Sperm motility improved under 10, and 20 PSI per 

hour with argon and carbon dioxide gas pressures, but 

not under 30 PSI. This indicated that high pressures may 

be harmful to spermatozoa. It also suggested that there 

may be a toxic lethal action of carbon dioxide on sperm 

protoplasm. The livability was depressed in the 

control and treated samples under 10, 20, and 30 PSI 

per hour with argon and carbon dioxide gas pressures. 

The results s'ìowed no relationship between sperm liv- 

ability and oxygen uptake during different storage periods 

and under different gas pressures. They also indicated 

no direct relation between motility and livability of 

bovine spermatozoa although both of them were depressed 

under different treatments. 
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APPENDIX 



Table 1. A. The mean micromoles (j.L) of oxygen consumed by control and treated diluted semen under 

10 PSI/hour with argon gas pressure at different storage periods. 

Time 

(minutes) 

2 uptake, fiL, at different storage 
periods of control 

02 uptake, pL, at different storage 
periods of treated _________ 

o days 4 days B days 
____________ 
12 days O days 4 days 8 days 

_____________ 
12 days 

20 12.22 35.22 21.79 36.10 2.60 17.86 4.48 11.23 

40 17.7L. 4.0.22 34.26 55.43 11.32 22.98 3.66 20.97 

60 21.36 41.32 52.63 95.39 14.56 25.98 11.02 29.64 

80 27.51 46.29 67.25 120.37 21.00 31.80 16.62 33.06 

100 26.91 50.18 77.58 147.20 20.38 30.54 17.63 38.74 
120 30.04 53.33 90.48 167.12 25.83 37.91 19.27 41.47 

13. Analysis of variance 

Source of Degree of Mean 0.05 level 
variance freedom square F of probability 

Treatment 1 972.70 14.15 

Day 3 355.30 5.17 

Day x treatment 3 262.47 3.82 
Error 40 68.72 
Total 47 

significant 
t, 

't 

Ei 



Table 2. A. The mean micromoles (pL) of oxygen consumed by control and treated diluted semen under 
20 PSI/hour with argon gas pressure at different storage periods. 

Time 
(minutes) 

°2 
uptake, pL, at different storage 

periods o control 
02 uptake, jiL, at different storage 

periods of treated 
O days 4 days days 

____________ 
12 days O days 4 days 8 days 12 days 

20 17.47 7.34 34.30 45.0 19.50 7.09 10.79 21.73 
40 19.76 18.87 54.77 64.46 30.62 14.52 2.39 27.72 
60 22.Og 28.8 71.48 73.16 32.11 16.91 36.17 33.75 
80 23.91 32.18 93.10 85.64 33.60 21.53 49.89 37.85 

100 27.69 40.12 109.31 97.95 38.65 26.51 58.30 48.92 
120 29.98 43.44 128.39 111.75 43.15 27.23 67.48 58.31 

B. Analysis of variance 

Source of Degree of Nean 0.05 
variance freedom square F of probability 

Treatment 1 287.10 5.87 
Day 3 351.99 7.19 
Day x treatment 3 98.80 2.02 
Error 40 48.94 
Total 47 

signifi cant 
T? 

not significant 

-3 o 



Table 3. A. The mean micromoles (»L) of oxygen consumed by control and treated diluted semen under 

30 PSI/hour with argon gas pressure at different storage periods. 

Time 
(minutes) 

02 uptake, )1L, at different storage 
periods of control 

02 uptake, fiL, at different storage 
eriods of treated __________ 

O days 4 days 8 days 
___________ 
12 days 

___________ 
O days 4 days 8 days 

_____________ 
12 days 

20 15.30 9.72 24.05 38.96 14.90 4.00 12.66 7.60 

40 20.20 19.18 44.21 48.63 21.66 12.76 24.12 10.20 

60 22.16 26.25 56.71 57.99 2L.60 16.42 27.26 15.81 

80 23.80 28.65 74.01 69.35 24.64 20.06 36.56 20.21 

100 27.07 33.56 89.96 75.77 27.58 24.21 42.91 19,95 
120 29.02 39.17 107.44 89.52 30.52 30.05 52.22 29.57 

B. Analysis of variance 

Source of Degree of Mean 0.05 level of 
variance freedom square F of probability 

Treatment 1 314.47 
Day 3 183.06 
Day x treatment 3 82.06 
Error 40 31.56 
Total 47 

9,95 significant 
5.78 
2.60 not significant 

-3 



Table 4. A. The mean micromoles (pl) of oxygen consumed by control and treated diluted semen under 
10 PSI/hour with carbon dioxide gas pressure at different storage periods. 

Time 
(minutes) 

02 uptake, »L, at different storage 
periods of control 

°2 uptake, 
pL, at different storage 

periods of treated 
O days 4 days 8 days 12 days O days 4 days 8 days 12 days 

20 5.75 20.68 28.60 36.73 14.95 9.44 17.19 2.53 
40 11.04 35.77 47.47 52.85 22.97 30.19 33.63 45.81 
60 16.06 42.29 59.42 74.63 31.37 34.91 36.38 68.03 
80 18.00 57.44 52.50 88.88 31.73 40.13 44.00 73.38 

100 19.10 67.91 89.49 105.30 32.49 41.58 50.38 75.73 
120 23.94 74.51 106.93 118.41 39.41 44.87 54.25 85.50 

B. Analysis of variance 

Source of Degree of Mean 0.05 level of 
variable freedom square F probability 

Treatment 1 

Day 3 
Day x treatment 3 
Error 40 
Total 47 

267.52 4.58 significant 
300.00 6.66 t, 

69.13 1.53 not significant 
45.30 

-J 
('J 



Table 5 A. The mean microinoles (p.L) of oxygen consumed by control and treated diluted semen under 

20 PSI/hour with carbon dioxide gas pressure at different storage periods. 

Time 
(minutj 

°2 
uptake, fiL, at different storage 

periods o control 
02 uptake, aiL, at different storage 

eriods of treated _______________ _________ 
o days 4 days 8 days 12 days O days 4 days 8 days 12 days 

20 12.47 15.53 36.50 23.34 14.53 26.6 27.I32 10.71 

40 15.93 22.32 49.63 41.52 33.45 9.99 ¿3.43 38.11 

60 17.43 29.40 60.20 51.44 41.38 46.33 45.85 54.81 

80 21.05 34.56 69.32 62.74 44.85 50.09 4.7.87 56.70 

100 24.98 41.35 73.70 75.44 51.44 57.90 50.64 62.13 

120 26.61 46.85 86.83 87.05 56.73 60.62 50.98 67.17 

B. Analysis of variance 

Source of Degree Mean level of 

variance freedom square F probability 

Treated i 

Day 3 

Day x treated 3 

Error 40 
Total 47 

2.73 .043 not significant 
82.92 1.304 'T 

76.22 1.198 
63.61 

-J 



Table 6. A. The mean inicromoles (pL) of oxygen consumed by control and treated diluted semen under 

30 PSI/hour with carbon dioxide gas pressure at different storage periods. 

Time 

(minutes) 

°2 
uptake, ìL, at different storage 

periods of control 
°2 uptake, iL, at different storage 

)eriods for treated 
O days 4 days 8 days 12 days O days 4 days 8 days 12 days 

20 4.68 14.19 28.99 34.15 3.65 9.04 20.21 8.91 

40 13.73 21.03 47.64 80.22 31.12 39.74 48.62 49.69 
60 23.37 27.22 62.63 108.40 52.42 51.94 56.61 5L08 
80 29.99 30.49 76.36 130.70 82.43 56.43 62.20 55.58 

100 32.68 36.37 86.11 157.69 62.96 59.79 62.54 70.08 
120 35.17 38.66 103.38 167.30 64.19 64.93 68.23 69.30 

B. Analysis of variance 

Source of Degree of Mean 0.05 level of 
variance freedom square F probability 

Treated 1 207.52 
Day 3 300.00 
Day x treated 3 69.13 
Error 40 45.30 
Total 47 

4.58 significant 
6.66 
1.53 not significant 

-J 


