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The number and type of microorganisms from 225 ejaculates 
(106 In one serles and 119 in a second series) of dairy bull semen 
have been studied. The number of microorganisms was expressed in 
plate count on brain-heart infusion agar incubated at 37°C. for 96 
houx's, and the type of microorganisms In the 106 ejaculates of semen 
was identified to species according to Bergey's Manual and standard 
methods. The plate counts varied from none to 29,700 per ml. of 

undiluted fresh semen, with an average of 684. It varied within 
individual and between bulls. 

I?iicrococcus species and Pseudomonas aeruginosa were the pre- 
dominating microflora In bull semen studied. Streptococcus was 
found in semen only very occasionally. 

The correlation between plate count and per cent non-r'etu.rn of 
estrus of cows 8 months after breeding was not statistically 
significant. However, the over-all breeding efficiency may possibly 
be raised by eliminating semen ejaculates of high bacterial plate 
count. The non-return rate (of estrus) for semen ejaculates having 
plate eount of 150 or less per 0.01 ml. was 57 per cent, and the 
non-return rate (of estrus) for semen ejaculates with plate counts 
over 150 averaged 42 per cent. The difference In non-return rate 
between semen ejaculates with plate counts higher or lower than 150 
per 0.01 ml. was statistically significant. 

Ori the basis of the comparatively higher incidence of certain 
microorganisms found in semen of low fertility bulls, it was 
suggested that Micrococcus aurantiacus, Microcoecus ogenes var. 
albus, Alcailgenes metalcaligenes and Corynebacterlum simplex may 
be as300lated with infertility. The higher Incidence of cextain 
microorganisms occurring in semen of bulls with great differences 
between the non-return rates of 50-80 days and S months after 
breeding suggested that Micrococous au.rentiacus, Micrococcus 
pyogenes var. albus and Eseherlchla coli may be associated with 
prenatal death. 
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Pseudomonas aeruginosa has apparently no association with 
impaired potential fertility. It has no noticeable detrimental 
effects on spermatogenesis, semen quality, or the potential 
fertility of the bull. 

In vitro studies revealed that Eseherichia coli has a depres- 
sing ?fect on sperm iiotility in semen of bulls, rams, and rabbits. 
This depressing effect was noticeable usually about 4 hours after 
the diluted semen (in egg-yolk sodium citrate) was incubated with 
Eseberichia coli at 38°C. and not until 96 hours if placed at 5°C. 

The oxygen uptake in sperm-Escherichia coli or semen- 
Escherichia coli suspensions was increased beyond the sum of the 
oxygen uptakes of Eseherichia coli alone plus sperm alone. This 
increase has been observed consistently in semen from dairy bulls, 
beef bulls, rams, and rabbits. 'Jash1ng of spermatozoa or 
Eseherichia coli cella, or heat treatment of the semen (65°C. for 
30 minutes), did not eliminate the increase in oxygen consumption; 
but heat treatment of the Escherichia coli did eliminate the 
increase. 

The pII in semen-Escherichia coli suspensions was consistently 
higher than the pH of semen in egg-yolk sodium citrate medium with- 
out the addition of Escherichia coli. pH chsnges brought about by 
Escherichia coli did not appear to be a contributing factor in de- 
pressing sperm motility. Likewise, carbon dioxide did not seem to 
be a prime factor. 

The depressing effect of Esoherichia coli on spermatozoan 
motility was reversed by streptomycin, glucose or catalase. This 
suggested that the main factor involved in the depressing effect 
of Eseherichia coli on spermatozoan motility was the accumulation 
of hydrogen peroxide in the semen-Escherichia coli suspensions. 
The reversal by streptomycin of the effects of Eseherichia coli 
on spermatozoan motility was tentatively explained as an inter- 
forence with the terminal respiration process of the Escherichla 
coli cells, by streptomycin, and thus the provision of more 
pyruvate for the sperm cells to react with hydrogen peroxide. 
The reversal of glucose on the depressing effect of Escherichla 
coli on spermatozoan motility was suggested as due to a block of 
emmo acid oxidase formation in the Eseherichia coli cells and 
thus elimination of the deamination of amino acids and a reduced 
formation of hydrogen peroxide froni amino acids; besides, glucose 
may also have provided more pyruvate to the sperm cells to react 
with hydrogen peroxide. 

The reversal of the depressing effect of Esoherichia coli on 
sperm motility by catalase confirmed the suggestioriEt the 
motility depressing effect ofEscherichia coli on sperm cells was 
chiefly due to en accumulation of hydrogen peroxide in semen- 
Escherichia coli suspensions in an amount sufficiently high to 
interfere with glycolysis and to inhibit the motility of the 
sperm cells. 
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IN DAIRY BULL SEMEN 



MICROORGANISMS IN SEivN AS REITED 
TO POTENTIAL FERTILITY 

PART I. THE IDENTIFICATION OF MICROORGANISMS 
IN DAIRY BULL SE?N 

INTRODUCT I ON 

It; Is hardly necessary to point out that infertility 

is a complex phenomenon. The difficulty in studying in- 

fertility arises in that it is not a disease in itself but 

a symptom, which may develop from a variety of conditions. 

It may be the result of structural defects of the reproduc- 

tive systems, of nutritive conditions, of specific 

diseases, or, perhaps, of general constitutional factors 

which produce an endocrine imbalance or lack of reproduc- 

tive vigor. More vague and more difficult to trace and 

yet an important problem is the possible association of 

semen microí' lora with infertility. This study was under- 

taken with the hope of obtaining nxre detailed information 

on the number and types of microorganisms in dairy bull 

semen and the possible relation of these microorganisms 

to infertility. 
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REVIEVI 0F LITERATURE 

Number of Microorgenisms in Dairy Bull Semen 

Gunsalus et al. (25) reported that the logarithmic 

average of plate counts for 15 ejaculates from 12 bulls 

used for artificial breeding was 22,000 bacteria per ml., 

28 ejaculates from 7 bulls for natural service was 225,000 

per ml.; and the plate counts for the 43 ejaculates of 

19 bulls collected by means of the artificial vagina ranged 

from 1,000 to 22,000,000 bacteria per ml. 

Almquist et al. (2), in a study of 2J2 ejaculates from 

36 bulls found a mean plate count of 200,000 organisms per 

ml., range from 100 to more than 3,000,000 per ml. 

of semen. A maximum difference in plate count of nearly 

3,000-fold has been observed between bulls and 2,000-fold 

between ejaculates of same bull. 

Recently, Edmondson et al. (18) reported the plate 

count of 64 ejaculates from 20 bulls varied from 900 to 

about 2,300,000 per ml. 

Type of icroorganisms in Dairy Bull Semen 

Early in 1920, Williaiìs and Kingsbury (80) found 

micrococci, hemolytic and non-hemolytic streptococci, 

coliform organism and Brucella abortus in the semen re- 

covered from the vagina of cows immediately after natural 

service. 
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Through the study of slaughter material, Giliman (24) 

reported the presence of Pseudomonas aerugnosa along with 

unidentified rods, micrococci, streptococci and coliform 

organisms in the genital tract of the bull. He was in 

agreement with .iilliams and Kingsbury (80) that the semen 

from normal bulls was relatively free of bacteria whereas 

that of impotent bulls usually harbored large numbers of 

bacteria. 

.Vebster (79) reported the finding of only micrococci 

and diphtheroids in semen from normal bulls, while bulls 

from herds in which enzootic sterility was present, pro- 

duced semen which contained, in addition, many alpha- 

emolytic streptococol. 

In the semen collected aseptically by means of arti- 

ficial vagina, Hatziolis (28) found that almost every 

ejaculate yielded coliform organisms, Pseudonionas, cocci 

and sporeforming rods. 

Gunsalus et al. (25) found Pseudornonas, diphtheroids, 

bacilli, streptococci, Escherichla coli and, in one case, 

hemolytic diphtheroids in bull semen; they noted that the 

non-hemolytic diphtheroids occurred most regularly and in 

large numbers. 

According to the report of U.S.D.A. (76), diphtheroids 

seemed to be the predominating types of organisms in bull 

semen. Staphyloccocci were next in frequency whereas 

Pseudomonas aeruginosa and coliform organisms were present 
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only occasionally. 

Edmondson et al. (18) listed the bacteria isolated 

from bull semen, according to the order of predominance, as 

bacilli, micrococci, coliform organisms, hemolytic and non- 

hemolytic streptococci, Pseudomonas, Actinomyces, Proteu$ 

and yeasts. 

In a study of the incidence of bacteria in bull semen, 

Prince et al. (60) classIfied the cultures of 19 ejaculates 

from 8 bulls of various fertility levels as 16 per cent 

gram positive rods, 20 per cent micrococci, 13 per cent 

negative rods, 5 per cent Actinomycetaceae and few false 

yeasts. Corynebacterium was found to be the major portion 

of the gram positive rods and samples 

of semen. The negative rods were identified as 

Pseudoinonas, Flavobacterlum and Alcaligenes. 

Microorganisms in Relation to Fertility 

Previous workers (2, 18, 25) found no apparent re- 

latlonship between the average plate count and the general 

fertility level of the bull. Perhaps more significant in 

the impaired fertility picture is the number or the effect 

of bacteria in the infection of the female genital tract 

by certain organisms following insemination. There is 

ample evidence that streptococci and members of the coli- 

form group freouently are associated with ovaritis, 

metritis, abortion or sterility (8, 12, 20). Moreover, 
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there is the suggestion that certain types of bacteria can 

produce toxins and metabolic products which may be harmful 

to sperm. Several workers (4, 62, 80) have reported 

observations and opinions supporting this hypothesis but 

only limited data from controlled experiments are avail- 
able. 

Uchigaki (72) found that gonococcus, Diplococcus 

pneumoriiae, Staphylococcus aureus, typhoid bacillus, 
Eacherichia coli and dysentery bacillus toxins shortened 

the period of vitality and decreased the vitality of 

spermatozoa of albino rats. Ognianov (54) reported that 
Escherichia coli caused agglutination of bovine 

spermatozoa. 

In 1947, Pounden et al. (59) investigated a series of 

abortions by females previously inseminated with semen 

from the saine bull. They found that organisms, resembling 

Staphylococcus albus, were present in the semen of the 

bull arid the organism appeared to be identical with those 

obtained in large numbers from the pus and exudates sur- 

rounding the aborted fetuses. 
The possible association of Pseudomonas aeruginosa 

with low fertility has been discussed by many investiga- 
tors. Gunsalus et al. (25) reported that Pseudomorias 

aeruginosa has been isolated from the semen of 5 of 19 

bulls studied and 3 of these 5 bulls had shown pro- 

gressively reduced fertility. Edmondson et al. (18) 



found that 5 bulls from which Pseudomonas aeruginosa had 

been isolated were low in fertility and eventually all 

5 bulls became sterile. However, by the use of selective 

media, Prince et al. (60) found that Pseudononas aeruginosa 

was present in all ejaculates examined from 3 fertile and 

2 infertile bulls. Even when present to the extent of 

1,000 or more per ml., the presence of this organism was 

not indicative of a low level of fertility. 
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MATEFOEALS AIFD MFTHODS 

Collection of Semen 

The semen used in this study was obtained from bulls 
at the Oregon Dairy Breeders' Association, near Corvallis. 
It was collected with an artificial vagina according to 

the methods described by Lainbert and McKenzie (35). All 
glassware used in handling the semen was washed with 

"Calgonite", rinsed with hot tap water arid sterilized by 

dry heat in an electric oven at 121°C. for not less than 

3 hours. 

After each collection of semen the inner rubber tubes 
and cones of the artificial vagina were rinsed with tap 
water, immersed in Roccal solution (1 oz. of 10 per cent 
Roccal solution in i galion of water, approximately; i.e., 
8 ppm of benzalkonium chloride) for about i hour, washed 

with. "Dreft" arid rinsed with hot tap water. They were 

then dried in a closet by en electric fan blowing over 

warm light bulbs. The area around the prepuce of the bull 
was washed with the Roccal solution before the collection 
of semen. 

Handling of Semen for Shipment and Insemination 

Four to five ml. of freshly collected semen were 

diluted 1:1 with fresh egg-yolk sodium citrate medium and 

left at room temperature for about 10 minutes; then lt was 



further diluted to 1:40 (on the average) in a beaker with 

the same egg-yolk sodium citrate medium. It was colored 

differently for identification of breed according to the 

method described by Almcuist (1). The semen was placed in 

pyrex test tubes, corked, labeled and put in a water bath 

at 6-10°C. for about 15 minutes and then left in the re- 

frigerator (5°C.) for about 1 hour until packing. In 

packing, 8-10 tubes of semen were fastened around an ice 

can, wrapped with a carton paper bag and packed for ship- 

ping by bus to various county breeding laboratories for use 

in artificial insemination. The longest time required for 

the semen to reach the farthest county laboratory was 14 

hours from time of shipment from the collecting laboratory. 

Inseminations were performed by the inseminators of 

the Association. One ml. of the diluted semen was de- 

posited, by using a sterilized plastic or glass pipette, 

into the uterus of the cow, which according to the owner's 

report had recently shown symptoms of estrus. The semen 

used was as fresh as possible, generally i to 2 days of 

age, sometimes 3 days old. 

P1atin, Isolation, and Identification 
o' .Iicroorganisms 

The bacteria were isolated from the semen by streak 

and plate methods. Immediately after the collection, a 

portion of the semen was diluted with sterilized distilled 



water into 1:100 dilution and plated out with brain-heart 

infusion agar or also with blood-brain-heart infusion agar. 

The plates were incubated at 37°C. for 96 hours. After the 

incubation plate counts were made, morphologically differ- 

ent colonies were selected as a source of isolates for 

further study and identification. 



lo 

EXPERIMENTAL FINDINGS 

The experiment was comprised of two periods of three 
months each. In the first period (March, April, May, 1949) 

106 ejaculates of semen from 18 bulls (Holstein, 3uernsey 

and Jersey breeds) were plated out with brain-heart 
infusion agar. The morphologically different bacterial 
colonies were isolated and identified as to species. In 

the second period (May, June, July, 1950) 119 ejaculates 
of semen from 19 bulls (li of these had been included in 
the first period) were plated out with selective media for 
the isolation of the Streptococcus species and for detect- 
ing the presence of Pseudomonas aeruginosa. 

Number and Type of Microorgnisms 
in Dairy Bull Semen 

The types of microorganisms isolated from dairy bull 
semen together with their plate counts per 0.01 ml. of 

fresh undiluted semen have been shown in Table 1, and the 
incidence of their occurrence in semen has been shown in 
Figure 1. The plate count showed marked differences 
between samples from different bulls and between different 
ejaculates of the same bull. The counts varied from none 

to 29,700 per ml. of undiluted fresh semen with an arith- 
matical average of 684. It was found that Micrococcus 

species and Pseudoinonas aeruginosa were nest frequently 
present in the semen ejaculates while only one of the 19 
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bulls studied in the second period had Streptococcus in its 

semen, and Streptococcus did not occur at all in the semen 

studied in the first period. 

Number of iicroorgan1sm in 
Relation to Fertility 

The fertility of the bull was estimated on the basis 

of per cent of non-return of estrus (non-return rate) of 

the cow 8 months after breeding. The non-return rate, 

associated with each bull from 5,743 cows bred from 133 

ejaculates in the first period of this study, was subjected 

to the Chi-square test (19) and the fertility of the bull 

was thereby classified into three levels, i.e., high, 

average, and low. (Table 2) 

The regression function of the plate count on the non- 

return rate of the individual semen ejaculates from indivd- 

ual bulls have been studied (Table 3). Regression fune- 

tions were also computed for plate count on non-return 

rate of high, average, and low fertility bulls. 

The negative value of the correlation coefficients 

between the plate count and the non-return rate for the 

majority of the bulls, although many of them were not 

statistically significant, does not allow us to overlook 

entirely the suggestion that the semen which contained the 

larger numbers of microorganisms gave the poorer breeding 

results (Figures 2, 3, 4; Table 3). The data, however, 
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clearly indicated that other more potent factors are con- 

tributing to the variability of the rate of non-return. 
When these factors are identified and when they can be 

separate1 evaluated, the relation of total bacteria count 

to non-return rate should be reinvestigated. 
The regression functions of the average plate count 

of the bulls on their non-return rates were also not 

statistically significant (Figure 5). However, if we 

group the plate counts and subject the non-return rate of 
these groups to the Chi-square test (19), semen with plate 
counts of more than 150 bacterial colonies per 0.01 ml. of 

semen gave statistically significant lower breeding 
efficiency than semen with lower bacteria counts. This 
was true of the breeding results checked at 50-80 days or 
at 8 months after breeding. (igure 6 and Table 7) 

Type of Microorganisms in 
Relation to Fertility 

Pseudomonas aeruginosa and Fertility 

The possible association of Pseudomonas aeruginosa 
with bovine infertility has been discussed by many in- 
vestigators (18, 25, 60). The present study indicates 
that this organism was not the causative agent of bovine 

infertility. The evidence may be summarized as follows: 
In the first period of this study, Pseudomonas 

aeruginosa was found in the majority of semen ejaculates 
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from 3 bulls: J18, J24, and 113. The fertility level of 

113 was extremely low; J24 was ranked as average fertile 

bull, and Jl8 was anong the bulls of high fertility 

(Table 2). In the second period (1950), the non-return 

rate of JiS was as high as that during the first period 

(1949). The bull J24 died of urinary calculi and H3 was 

eliminated from the herd because of extremely low breeding 

efficiency, thus J24 and 113 were not available for compari- 

son. Pseudomonas aerunosa was present in about 50 per 

cent of the semen samples of J18 during both 1949 and. 1950 

(Figures7a, 7b). whether Pseudomonas aeruginosa was 

present or absent, the non-return rate of JiS for the 

months of March, and of 1949 and for 

and July of 1950 remained nearly the same, as indicated in 

Figure Ba. 

In order to study the possible effect of Pseudomorias 

aeruginosa on semen quality, the number of semen ejaculates 

that qualified for artificial breeding against the total 

number of collections that have been made from J18 during 

the two periods of our studies have been compared. 

O,ualif1cation of semen samples depended mainly upon sperm 

motility and numbers. As shown in Table 4, in the first 

period, 88 per cent of the ejaculates were qualified for 

artificial breeding and, in the second period (14 months 

later), 89.3 per cent of the ejaculates were qualified. 

These data evidently support the interpretation that 
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Pseudomonas aeruginosa has no effect on semen quality as 

well as rio effect on the breeding efficiency of qualified 
semen samples. 

In the second period of the study, Pseudomonas 

aeruginosa was again found in the semen of bulls of various 

fertility levels (Figure 7b), and there was no significant 
difference between the plate count of Pseudornonas 

aeruginosa in the semen of high and of low fertility bulls. 
The breeding efficiency of' the semen containing Pseudomonas 

aeruginosa has been compared with the efficiency of the 

semen from the same bull when not containing Pseudomonas. 

As shown in Figure 9, the differences were not significant. 
All these lines of evidence strengthen the conclusion 

that Pseudomonas aeru&inosa is not the causative agent of 

potential infertility in dairy bulls. 

Micrococci arid Other Microorganisms 
PoiTbly AssociaIedT with Infertility 

It is almost impossible to determine the exact effect 
of certain organisms on fertility of semen ejaculates as 

fertility may be affected quite differently by different 
numbers of the same organism, arid the physiological con- 

ditions of the sperm or the nutritive state of the host may 

alter the response even to constant numbers of the organism 

being considered. 

As shown in Table 1, comparatively high percentages of 
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semen ejaculates of bulls H9, H3, H8, and G68 contained 

Micrococcus aurantiacus. Micrococcus pyogenes var. albus 

was found in a great percentage of the ejaculates in G65 

and H8 and the semen of G68 had large humbers of this 

organism. Alcaligenes metalcaligenes was Isolated from 

both high and low fertile bulls, but the plate count for 

Alcaligenes metalcaligenes was very low in the semen of 

highly fertile bulls while for low fertility bulls the 

counts of this organism were very high. Corebacteriuin 

simplex has been isolated from the semen of bulls 118 and 

J16 in large numbers and in a large per cent of ejaculates. 

All these (f19, 113, 118, 068, 065, and J16) were low fer- 

tility bulls. The breeding history of JiG was poor prior 

to 1949 and the high non-return rate of J16 during the 

period of 1949-1950 may have been due to addition of anti- 

biotics to its semen. 

Based on the number and the incidence of the organisms 

isolated from the semen of bulls of different levels of 

fertility, we feel that the Micrococcus aurantiacus, 

Micrococcus pyogenes var. albus, Alcaligenes metalcaligenes 

and Corynebacterium simplex may be associated with in- 

fertility. 
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Microorganisms Possibly Associated 
with Prenatal Death 

By comparing the non-return rate 50-80 days after 
breeding with that 8 months after breeding, differences 
were obtained which may be used as an approximate estima- 

tion of the percentage of prenatal nrta1ity during that 
period of time. The predominating types of microorganisms 

in the semen of these bulls which have greater differences 
between the two non-return rates may be the causative 
agents involved in prenatal mortality. 

As shown in Figure 10, Micrococcus aurantiacus, 
Micrococcus pyogenes var. albus, and Eacherichia coli were 

the organisms present in the majority of semen ejaculates 
of the bulls which gave the greater dIfferences between the 
50-80 days and 8 months non-return rates. It is possible 
that these organisms may be involved in prenatal mortality. 
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DISCUSSION 

The findings In this study are in agreement with those 

of previous investigators in that the number of micro- 

organisms found in semen varies greatly between the samples 

from different bulls and between the different ejaculates 

of the same bull. Tuis is not surprising because even in 

cases of infectious diseases the specific microorganism -- 

the causative agent of that infection - - may vary greatly 

in numbers from time to time according to the body resis- 

tance or other physiological factors of the host. Besides, 

in the collection of semen, no matter how carefully accom- 

plished, the possibilities of contamination could not be 

entirely eliminated. 

The statistical insignificance of regression of plate 

count on non-return rate clearly indicated that the pre- 

dictability from plate count of the breeding efficiency of 

semen ejaculates or the fertility of an individual bull is 

not practicable. However, we cannot overlook the fact that 

by grouping the plate count and the average non-return 

rate, the group with an average plate count less than 150 

per 0.01 ini. of undiluted fresh semen had a significantly 

higher non-return rate than the group with an average count 

more than 150. Thus, by eliminating the semen with the 

higher bacteria count one should be able to raise the over- 

all non-return rate in artificial breeding. 

It has been found that certain bacteria, notably 
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Pseudornonas aeruginosa, Esoherichia coli, and Alcaligenes 

metalcaligenes usually gave a higher plate count whenever 

they were found in semen; others, notably Micrococcus and 

Bacillus, were usually found in smaller numbers. 

It is a current problem whether Pseudomonas aeruginosa 

is a causative agent of infertility. The esent study 

clearly indicated that this organism itself did not affect 

the potential fertility of the bull. There are different 

ways that a microorganism may exert Its effects on male 

fertility, e.g., by affecting the processes of spermato- 

genesis, by affecting the semen quality, or by influencing 

the fertilizing capacity of the spermatozoa. All these 

factors have not been found significantly altered by 

Pseudomonas aeruginosa as is evident from the fact that 

the fertility rates of the bulls, which bave Pseudoinonas 

aeruginosa in their semen, have been maintained from year 

to year; moreover, in the same bull there was no difference 

between the non-return rates of semen ejaculates which con- 
tamed Pseudonionas aeruginosa and those which did rt 
contain this microorganism. 

In considering the tipe of bacteria in semen, the re- 

suits of this study agreed with Almqulst (3) and with 

Prince et al. (60) in that Pseudomonas aerugiriosa was found 

in semen from bulls of both high and low fertility levels. 

Insofar as Pseudomonas aeruginosa was found in bulls 

of low fertility as well as In bulls of high. fertility, 
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there Is rio essential disagreement With GUnSa1US and hi 

coworkers (25) and Edrnondson and his coworkers (18) who 

stressed the aa8oclation of Pseudornonas aerug1rosa with 

bulls of low fertility. Two of the five bulls reported by 

Gunsalus et al. (25) having Pseudomonas aeruginosa were not 

by, fertility bulls. The five low ferti1it bulls reported 

by Edmondson, Tailman, and Herman (18) indIcated a much 

closer association of Pseudomonas aeruginosa with low f er- 

tility than was found in this study. 

Many investigators (18, 25) have reported the presence 

of Streptococcus in bull semen, but in the present study 

Streptococcus was found only very occasionally in dairy 

bull semen. 

Because of their high incidence, the presence of cer- 

tain microorganisms may be associated, possibly as a causa- 

tive factor, with Infertility. A].caligenes meta1ca1Ienes 

is generally considered to be chemically inert; however, it 

has been reported (56) that Alcaligenes metalcaligenes has 

detrimental effects in the manufacture of cottage cheese, 

making the curd slimy and gelatinous. The strain of 

Alcaligenes metalcaligenes, Isolated from the semen samples 

collected, was tested by Parker et al. (55) and found to 

have the same detrimental effect caused by a strain of 

Alcaligenos metalcaligenea isolated from defective cheese 

curd. Further, the bull J23, which usually had a high num- 

ber of Alcaligenes metalcaligenes in its semen, gradually 



became of lower fertility and had eventually to be aiim- 
mated. from the herd. 

Based on differences between the non-return rates of 
50-80 days and of B months after breeding, it was suggeated 
that Micrococcus aurantiacus, Micrococcus pyogenes var. 
albus, and Eseheriehia coli may be associated with some 

cases of prenatal death, since these organisms appeared in 
a high percentage of the semen ejaculates of bulls which 
showed greater differences between the two non-return 
rates. Prenatal death, if caused by these microorganisms, 
may have been due to their detrimental eft'ects on the 
spermatozoa or to the pathological changes induced by the 
bacteria in the uterine lumen or in the developing fetuses. 

While these preliminary studies suggest the possible 
association of certain microorganisms with infertility, the 
confirmation of these deductive suggestions awaits in vitro 
and in vivo studies on the effect of microorganisms on the 
fertility complex. 



PART II 
THE EFFECT OF ESCHERICHIA COLI ON THE SEMEN 

OF BULLS, RAMS, AND RABBIT S 
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PART II THE EFFECT OF ESCHERICHIA COLI ON TRE 
SE1'tEN OF BULLS, RA.MS, AND RABBITS 

INTRODUCT I ON 

The motility of spermatozoa is one of the widely 

accepted criteria for predicting semen efficiency. It is 

of importance to successful breeding not only because it 

indicates the vitality of sperm cells but also because the 

more active spermatozoa have probably a better chance to 

reach the ova before the ending of their short life span 

in the female reproductive tract. 

The detrimental effect of microorganisms on sperm 

motility may be one of the important factors contributing 

to infertility. The organism Escherichia coli. has been 

suspected of being a factor in some prenatal deaths (see 

Part I, page 16). There are many chances for fecal con- 

tamination in the female tract wïth this organism during 

natural mating or artificial breeding. An investigation 

was therefore undertaken in an effort to obtain informa- 

tion concerning the effect of th!s organism on sperm 

motility. Escherichia coil was found to inhibit sperm 

motility and further investigations were made to elucidate 

the mechanism involved in this motility depressing effect 

of Eacherichia coli on spermatozoa. 
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REVIEVI OF LITERATURE 

Effect of LIlcroorganisrns on 
Sperm Motility 

In the study of bacteria in bovine semen, Edinondson 

et al. (18) found that the addition of micrococci, non- 

hemolytic streptococci or yeasts to fresh diluted semen 

caused a substantial increase in the duration of spermato- 

zoan motility, while other bacteria, Including Bacillus, 
coliform bacteria, hemol?rtic streptococci, Pseudomonas, 

Actinomyces and Proteus, brought about some decrease in 
the livability of the sperm. This was especially true of 

the Actiriomyces arid hemolytic Bacillus. 
Liathews and Buxton (46) reported that, of the bacteria 

isolated from endocervical cultures of 100 women attending 
the sterility clinic of the Sloane Hospital for Women, 

iew York, Escherichla coli, Streptococcus viridans and 

hemolytic streptococci were highly spermicidal, whereas 

diphtheroid bacteria, bacillary streptococci, hemolytic and. 

non-heinolytic staphylococci, Bacillus subtilis and 

Pseudomonas aeruginosa were entirely innocuous to sperm. 

Mathews and Buxton believed that the pH variation which 

occurred in their experiments did not affect the longevity 
of the sperm. They found that streptomycin, acting on 

sperm-depressing Escherichia coli, resulted in a definite 
prolongation of viability of the sperm. 
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Physiological Aspects of 
Iiarmnalian Spermatozoa 

I.acLeod (40, 41, 42) believed that metabolism of 

human spermatozoa was almost exclusively glycolytic. He 

stated that aerobic lactic acid production was 80 per cent 

of the anaerobic and that aerobic lactic acid production 

fell off with time, whereas anaerobic lycolysis was con- 

stai-it over a period of 7 hours. Maximum motility was main- 

tamed for mxy hours under anaerobic conditions but showed 

a marked tendency to decrease when the sperm was exposed to 

pure oxygen. Respiratory inhibitors, such as cyanide, 

azide and carbon monoxide, did not depress motility, 

whereas monoiodoacetate and fluorides inhibited glycolysis 
and destroyed motility. NacLeod (43) also demonstrated 

the presence of cytocbrome system and succinic dehydro- 

genase in human spermatozoa. 

Invanov (30, 31) believed that sperm derived energy 

from sorne sources other than oxidation and that motility 

did not depend on glycolysis. He found that sperm remain 

motile in a medium containing sufficient cyanide to inhibit 

respiration almost completely, and motility was retained in 

Ringer's solution containing sufficient monohaloacetic acid 

to inhibit lactic acid formation from glycolysis. 

Lardy and Phillips (36, 37, 38) found that sperm 

separated from semen maintained motility in Ringer- 

phosphate solution only in the presence of oxygen. There 
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was practically no motility in a nitrogen atmosphere, but 

with addition of glucose (or maltose, fructose or mannose) 

motility was maintained as long as 3 hours in both air and 

nitrogen atmospheres. During storage inorganic phosphate 

remained constant, acid soluble phosphate arid ester phos- 

phate increased, lipid phosphate decreased. The decrease 
in lipid phosphate paralleled the decrease in motility. 
Lardy and Phillips concluded that the energy for sperm 

motility was obtained from the oxidation of intracellular 
phospholipids or from glycolysis. The anaerobic mechanism 

is sufficient when sugar is available and lessens the 
demand on the oxidative mechanism. 

Physiological Aspects of Escb.erichia Coli 

Escherichia coli is widely distributed in nature and 

is a normal inhabitant of the intestinal tract of all ver- 

tebrates. Sometimes it causes infections of the genito- 
urinary tract. It is facultatively anaerobic with an 

optimum growth temperature of 30-370C; growth takes place 
as low as 10°C. and as high. as 45°C; usually it is des- 
troyed in 30 minutes at 60°C. (13). Heat resistant 
strains, however, have been reported (7, 67). Nutri- 
tionally, Escherich.ia coli is heterotrophic. It can thrive 
on very simple synthetic media containing simple carbon and 

nitrogen sources together with the appropriate salts (4). 
As for heterotrophes in general, traces of carbon dioxide 
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is a prerequisite for Escherichia coil and lt has been 

reported that the formation of' succinic acid was higher 

when fermentation was carried out in the presence of carbon 

dioxide. Eseherichia coli is known to possess a number of 

dehydrogenases and several cleaminases. It has cytocb.rornes 

al, a2, and b1 (32), and the co-enzyme systems identical 
with those in animal and yeast cells. It also has the same 

series of enzymes as those involved in the oduction of 

lactic acid by muscle. Washed Eacherichia coli suspen- 

sions, which are deprived of cozymas, no longer produce 

lactic acid from glucose (22). LicLeod and Gordon (47) 

fail to detect the formation of hydrogen peroxide in 

Escherichia from the forming 

a green zone in choco1atett agar. They (48) found 

Escherichia coli is a strong producer of catalase. 
Stephenson (68) stated that the media containing cyanide 

but no methylene blue permit T?anoxytrophic?f growth of 

Escherichia coli in the presence of oxygen. But Eschen- 
chia coli failed to grow anoxytrophically in the presence 
of oxygen when methylene blue was added to the cyanide- 

containing media because the dye reduced to leuco base 

through hydrogen-acceptance was subsequently oxidized by 

oxygen to the dye and hydrogen peroxide. Catalase, nor- 

mally present in Eacherichia coli, being inactivated by 

cyanide, was not available to decompose the peroxide and 

the growth was prevented. 
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Hydrogen Peroxide as a Metabolite in Microorganism and 
Spermatozoa and Its Toxic Effect on Sperm Cells 

The biological formation of hydrogen peroxide has 

often been postulated in the past, particularly in connec- 
tion with the presumed function of catalase and peroxidase. 
Its actual detection in cultures of bacteria has been 

successful (6, 47, 48, 49, 50). It has been found in 
molds (16, 57) and can be produced by certain enzymic 

oxidations in vitro. The formation of hydrogen peroxide 
reouires molecular oxygen as hydrogen acceptor. By using 
egg-yolk medium Tosic and Walter (70) have demonstrated 

chemically the formation and elimination of hydrogen perox- 
ide by spermatozoa and the toxic eff ect of hydrogen 

peroxide to sperm cells. 
MacLeod (44) reported that the motility of human sperm 

failed in 95 per cent oxygen and that, even in extremely 

low concentrations, oxygen has these toxic effects. He 

believed that this oxygen effect was due to the formation 
of hydrogen peroxide by the sperm cells. He found that 
the addition of sodium succinate to a suspension of human 

spermatozoa producing lactic acid from glucose in the 
presence of oxygen resulted In a considerable reduction 
(40 per cent) in lactic acId production and concomitant 

with the reduction in glycolysis there was a failure of 

sperm motility. The addition of very dilute hemoglobin, 

an analogue of catalase, to the sperm suspension in the 



27 

presence of succinate protects the loss of noti11ty. 

Mode of Action of Streptomycin 
ori Eschorichia coli 

Streptomycin is primarily a biochemical antagonist 

intervening in one or more metabolic reactions of the cell 

by disturbing the normal chain of events through which 

cax'bon-, hydrogen-, oxygen-, nitrogen-, phosphorus- or 

sulfur-containing residues are absorbed from the environ- 

ment and incorporated into energy rich linkages from thich 

the cell ultimately derives the energy necessary to sustain 

its life (10, 17). Tests with phenolphthalein phosphate 

showed that alkaline phosphatase activity is blocked in 

cells exposed in streptomycin (29). Some evidence also 

points to the conclusion that streptomycin intervenes in 

ribonucleic acid metabolism by blocking a reaction preced- 

Ing the formation of mononucleotides. This interference 

permits the redox potential to rise to a level that is in- 

compatible with proper functioning of dehydrogenase and 

other enzyme systems involving the transfer of hydrogen 

(11, 14). 

Umbreit (74) has postulated that in Eseherichia coli 

the mode of action of streptomycin was to inhibit the 

terminal respiration process involving a pyruvate- 

oxalacetate condensation. 

In view of the reported depressing effect from 



Escherichia coli on human spermatozoa, of the protecting 

influence of streptomycin, and of the probable role of 

hydrogen peroxide in these phenomena, the following inves- 

tigation was designed to determine the possible physiolog- 

ical factors involved. 



MATERIAL AND ETH0DS 

1. Reagents 

All reagents used were chemically pure. Whenever 

advisable these solutions were sterilized by autoclaving 

at 121°C. under 15 lbs. pressure for 20 minutes. The 

solutions were kept in screw-capped bottles in the refrig- 

erator. 

SALINE: The saline used was 0.35 per cent sodium 

chloride. 

Sodium citrate: The sodium citrate used was 4.76 

per cent (by dissolving 4.76 gin. Na3C6H507 

5.H20 and making up to 100 distilled 

water). 

Streptomycin: The streptomycin used was dihydro- 

streptomycin sulfate (Merck). It was dis- 

solved in sodium citrate (to provide a 

concentration of 2 mg. per ml.) before mixing 

with egg-yolk. 

Catalase: The catalase used was from Armour. It 

was suspended in sodium citrate at a rate of 

100 1igm. per ml. before mixing with egg-yolk. 

2. Yolk Sodium Citrate Medium 

This was prepared by mixing i part of sodium citrate 

solution with i part of egg-yolk from freshly laid hen's 
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eggs. 

3. Semen 

The semen samples used for this part of the study were 

collected from bulls, rams, and rabbits by means of artif i- 

ciJ. vaginas according to the ithods described by Lambert 

and 1cKenzie (35). 

When sperm suspensions were used they were prepared by 

washing the semen twice with saline through centrifugation 

and they were resuspended in the media used. 

Sperm count was made by the haemocytometer and when- 

ever desirable the concentration of the sperm suspensions 

were standardized to contain 1,000,000 sperm cells per 

mm.3 of the suspension. 

Eacherichia coli Culture 

Two cultures of Eseherichia coli were used for this 

part of the study: one was isolated from dairy bull semen, 

the other was obtained from the American Type culture 

collection. Nutrient broth cultures were grown at 37°C. 

for 24 hours. fter centrifuging, the cells were washed 

twice with sterile saline before resuspending in the 

desired medium. 

The number of cells was estimated by photometric de- 

termination of optical density and checked by plate count. 
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Motility of the Spermatozoa 

The motility of the spermatozoa was estimated micro- 

scopically under high power magnification (430X). A drop 

of semen was placed on a clean slide covered with a cover 

glass, and held at 37.80C. on a thermostage. Motility of 

the spermatozoa was graded from 10 to zero, where 10 

denotes the best motility. The grades of motility were 

essentially as shown in Table 5. 

Oxygen Uptake 

The oxygen uptake was measured manometrically, using 

the Aminco-Lardy Rotatory Type manometrical apparatus 

according to the methods described by Umbreit et al. (75). 

Usually 2 ml. of egg-yolk sodium citrate medium was 

placed in each flask together with 0.5 ml. of semen (or 

sperm suspension) or 0.5 ml. Eseherichia coli suspension 

or both. In the flask which contained only one of these 

two suspensions, 0.5 ml. of distilled water was placed in 

the side arm of the flask in order to have the same V1 in 

the flasks. Air was the gas phase. The water bath was 

held at 340C. The CO2 produced was absorbed by filter 

paper (Vihitman No. 40) placed in the center cup which con- 

tamed 0.2 ml. of a 40 per cent KOH solution. The 

manometers were shaken by oscillation at a rate of 110 

excursions per minute. After 15 minutes equilibration the 
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zero point was adjusted end the system closed by turning 

the taps. Experiments were run in duplicate and readings 

were taken at 10-minute intervals for a period of 21 hours. 
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EXPERIETAL FINDINGS 

1. Inhibitory Effect of Eseherichia 
coli on Sperm Motility 

Escherichla coli cultures, isolated from dairy bull 
semen or from American Type culture collection, showed 

consistent effects in reducing sperm motility when the 
organisms were incubated with sperm at 38°C. This in- 
hibitory effect cari be observed in most cases at the end 

of 4 hours after the incubation. The decrease in sperm 

motility caused by Escherichla coli has been observed with 
dairy bull semen (Figures 12, 14, 15, 16a), beef bull 
semen (Figure 13), ram semen (Figures il, 16b), and rabbit 
semen (Figure 16c). 

The motility-depressIon effect of Escherichla coli on 

sperm cells was influenced to a great extent by the tern- 

perature of Incubation. As shown in Figure lia, at 5°C. 

the motility of rem spermatozoa did not show any appreciable 
depression over the control until after 48 hours of in- 
cubation with the microorganism. The depression in 
motility was slight and not until 96 hours of incubation 
did the depression in sperm notility occur In all samples 

incubated with Eseherichia coli. At 38°C., however, the 
motility of the sperm incubated with Eacherichia coli 
rapidly decreased and, as shown in Figure llb, no motile 
sperm could be observed at the end of 6 hours. 
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2. Mechanism of the Inhibitory Effect 
of Eseherichia coli on Sperm Ioti1it1 

a. pH Changes in Seinen-Eseherichia coli Suspensions 

In considering the nchanism involved in the 

motility depression of spermatozoa by Eseherichia coli, 

the question arises whether there was a shift toward a pH 

unfavorable to sperm motility. As shown in Figure 17, with 

one exception all samples of semen from dairy bulls, rams, 

and rabbits had pH values for the semen in egg-yolk sodium 

citrate medium 0.2 to 0.3 higher when incubated with 

Escherichia coli than in the control semen mixture without 

the addition of this organism. 

b. Carbon Dioxide Tension 

A depressing effect of carbon dioxide on sperm 

motility has been discussed by many investigators (62, 66). 

The increase in carbon dioxide tension in semen incubated 

with Escherichia coli may be one of the factors contribut- 

ing to the motility depressing effect of this microorganism 

on sperm cells. The data of this study, obtained ori remov- 

ing carbon dioxide from the gases phase in the culture 

tubes indicated, however, that the decrease in motility was 

the same in semen samples incubated with Escherichla coli 

regardless of whether carbon dioxide was removed or not 

(Figures 16a, b, C). 

The oxygen consumed by sperm and Escherichia coli was 

increased when they were placed together, consumption by 



the mixture being greater than the sum of the oxygen con- 

sumptions by sperm and the Escheriebia coli separately. 

This increase in oxygen consumption in the presence of 

Escherich.ta coli was very consistent for semen from dairy 

bulls (?igure 19) and in ram semen with or without the 

addition of streptomycin (Figures iBa and lBb). 

Washing of spermatozoa or Eseherichia coli cells twice 

with physiological saline did not prevent the increase in 

oxygen consumptIon of the combination (F'igures 21 and 22). 

Heat treatment of Escherichia coli (by holding the bacteria 

suspension in a hot water bath at 650C. for 30 minutes), 

however, abolished this increase in oxygen uptake. This 

indicated that heat-killed Esoherichia coli had no effect 

on the oxygen consumption of spermatozoa hut the heat- 

killed spermatozoa still had a stimulating effect on the 

oxygen consumption of Escherichia coli (Figure 20). It was 

also found that neither the heat-killed spermatozoa nor the 

heat-killed Eacherichia coli had a measurable oxygen 

consumption. 

ö. Reversal streptomycin, penicillin, glucose 
and catalase of the Motility Deresaing 
Tect of EscherTEia coli on Spermatozoa 

The motility of spermatozoa was found to be depressed 

by Esoherichia coli. However, in the presence of 

streptomycin, or streptomycin together with penicillin, 

the addition of Eacherichia coli to the semen led to an 



increase in sperm motility. As shown in Figure 13, in 

dairy bull semen, the sperm motility was much better in 

semen where streptomycin, penicillin and Escherichia coli 

were added simultaneously than in the control semen or in 

semen with the addition of the antibiotics alone. In the 

absence of the antibiotics the addition of Eseherichia coli 

to semen resulted in complete inmiobilization of almost all 

the sperm cells at the end of 6 hours incubation at 38°C., 

while in the esence of the antibiotics the sperm motility 

in semen where Escherichla coli had been added was even 

better than in the control semen without the addition of 

this microorganism. As shown in Figure 13, when dairy bull 

semen was incubated with antibiotics at 38°C., 

Eseherichia coli added had an average motility rating of 

7.4 after lo hours of incubation while at the same time the 

average motility rating of the control semen, without anti- 

biotics and without Eseherichia coli, dropped to 2.9. 

Glucose seemed to have an effect similar to strepto- 

mycin in reversing the motility depressing effect of 

Escherichla coli on spermatozoa. As shown in Figure 15b, 

semen with the addition of both Eseherichia coli and 

glucose maintained a better sperm motility for a longer 

period of time than did the control semen or semen with 

glucose or with Escherichia coli added separately. 

Catalase added to semen at the level of 100 jgm. per 

3 ml. of diluted bull semen (1 part of semen in loo parts 
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of egg-yolk sodiuii citrate medium) also altered the effect 

of Eseherichia coli on sperm motility. A very high 

motility was shown by spermatozoa when catalase was added. 

Subsequent addition of Eseherichia coli to the combir.ation 

of catalase plus sperm slightly lowered the motility, but 

the motility was still much higher than that of the un- 

treated sperm cells. As shown in 'igure 15a, the motility 

of spermatozoa was highest in semen with catalase added, 

although the motility in semen with addition of Esoherichia 

coli in the presence of catalase was better than that of 

control semen or in semen where only Escherichia coli had 

been added. Thus, catalase merely reduced the inhibitory 

effect of Eseherichia coli on sperm iti1ity but did not 

completely abolish this detrimental effect of this micro- 

organism at the level used. Stimulation of sperm motility, 

both as to activity and duration, by catalase could be 

ascribed to its action on hydrogen peroxide, known to be 

produced by living spermatozoa (70) Escherichia coli (68), 

and tissues having functioning crtochrome oxidase. The 

sequences of combinations (Table 6) yielding decreasing 

motilities indicate such explanation. 



DISCUSSION 

1. Change In the Semen-Escherichla 
coli Suspension 

Moore, Mayer and McKenzie (51) reported the importance 

of pFi on motility end metabolism of ram semen. Nordby and 

Bollen (5) found that a difference of pH in the order of 

0.3 unIt in direct semen sples was associated with in- 

fertility in a boar. Moore and Mayer (52) concluded that 

the factor which influenced the motility and glycolysis in 

rem semen was the degree of acidity of the medium surround- 

ing the sperm cells. They found, however, that no detect- 

able changes occur In motility until the pff reaches a 

value of 6 or below, and the motility ceases at pli values 

of 5.5 to 5.3. 

From the results of this study, lt has been found 

that when semen was incubated with Eseherichia coli for 

24 hours at 5°C. arxi then 10 hours at 380C., at the end of 

this Incubation the pli values ranged from 6.7-6.8 in bull 

semen, 6.6-6.91 in rem semen, and 6.8 In rabbit semen. 

The pli of semen in egg-yolk sodium citrate medium without 

Escherichla coil ranged from 6.45 to 6.5 in bull semen, 

6.55 to 6.85 In rem semen, and 6.7 in rabbit semen. 

According to the data of Moore and Mayer (52), the motility 

of spermatozoa in the present study should not have been 

affected by these relatively small differences in acidity 



of the surrounding medium having pH values within the 

ranges observed. The motility-depressing effect of 

Escherichla coli on spermatozoa is therefore apparently not 

due to the pH change of the medium brought about by the 

esence of this bacteria. Yet the observatIon of Nordby 

and Bollen (53) indicates that further studies are neces- 

sary to adequately interpret the pH data. 

2. Carbon Dioxide Tension in Semen 
Eacherichia coli Suspension 

Roenimele (62) observed that sperm motility is lower in 

medium covered up than when exposed to air. He believed 

that this was due to carbon dioxide retention rather than 

lack of oxygen. 

Shettles (66), in studying the metabolism of human 

spermatozoa, found that carbon dioxide produced complete 

immobilization of human spermatozoa within a few minutes. 

He believed that the toxic effect of carbon dioxIde to 

human spermatozoa is dependent neither upon its acidic 

character nor upon azioxia, but upon other properties as 

yet unknown. Becker (9) believed that the toxic effect of 

carbon dioxide on protoplasm represented a specIfic lethal 

actIon coupled with an ability to penetrate cell boundaries 

with extreme rapidity. 

The results In this study show that carbon dioxide was 

apparently not the factor contributing to the inhibitory 
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effect of Escherichia coli on sperm motility. As shown in 

Figures 16a, 16b, and 16e, the sperm motility was invar- 

iably inhibited when semen was incubated with Eseherichia 

coli at 38°C., regardless of whether or riot alkali has been 

used to remove the carbon dioxide. This may be due to the 

fact that the carbon dioxide tension created by the 

Escb.erichia coli incubated in semen was not sufficiently 

high to affect the motility, as it has been pointed out by 

Shettles (66) that carbon dioxide concentration of approxi- 

mately 20 per cent in an atmosphere of oxygen was required 

to immobilize sperm in a hanging drop. 

3. Oxygen Uptake 

As indicated in the results of this study, the oxygen 

consumed by sperm and Escherichia coli was increased when 

they were placed together. This increase in oxygen con- 

sumption may cause a more rapid exhaustion of the cellular 

reserves of the spermatozoa and conseauently resulted in a 

more rapid dropping in motility of sperm cells in semen- 

Eseherichia coli suspension than when sperms were kept in 

semen alone. This increase in oxygen uptake may happen 

both in the sperm and in the Eseherichia coli cells. One 

of the factors contributing to this increase may be due to 

the providing of certain enzymes from the sperm to the 

Escherichia coli cells or vice versa, so that the respira- 

tory enzyme systems became reciprocally supplemental when 
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they were incubated in the same medium; it is known that 

Escherichia coli has cytoebromes a1, a2 and b1 (32), while 

the sperm cells have a complete cytochrome system (43, 45). 

4. Accumulation of' Hydrogen Peroxide in Semen- 
Escherichla coli Suspension and the 
Toxic Effect of Hydrogen Peroxide on 
Spermatozoan Motility 

The similarity in action of streptomycin, glucose, and 

catalase in reversing the depressing effect of Escherichla 

coli on sperm motility saggested that the mechanism was 

largely eri accumulation of hydrogen peroxide in the semen- 

Eseherichia coli suspension. The accumulated hydrogen 

peroxide interfered with the glycolytic activity of the 

sperm cells and thus depressed the motility. 

Hydrogen peroxide production has been demonstrated in 

bovine spermatozoa and it has been suggested that the re- 

action is an enzmic dehydrogenation and deamination of 

certain amino acids in the esence of molecular oxygen as 

hydrogen acceptor (70, 71). IIacLeod (44) believed that 

hydrogen peroxide was also formed in human spermatozoa, as 

an intermediate product from the oxidation of succ±nic 

acid to fumaric acid and water by succinic dehydrogenase. 

As Escherichla coli. is known to break down glycine, 

1-alanine and 1-glutamic acid by oxidative deamination, 

it was likely that hydrogen peroxide may have been pro- 

duced in a larger amount with semen-Escherichia coli 
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suspended in eg-yo1k medium than in semen in egg-yolk 

medium without the addition of Escherichia coli. Further, 

as Escherichia coli possesses the enzyme succinic dehydro- 

genase, hydrogen peroxide could also be produced through 

the oxidation of succinic acid to fumaric acid in the 

manner postulated by LacLeod (44) in human spermatozoa. 

Based on the assumption that hydrogen peroxide is the 

main factor responsible for the depression of sperm 

motility by Eseherichia coli, the reversal by streptomycin 

could be explained as a removal of hydrogen peroxide due 

to the high concentration of pyruvate developing when 

streptomycin interferes with conversion of pyruvate to 

succinate. As it has been pointed out (73), the mode of 

action of streptomycin with Eseherichia coli was to inhibit 

the terminal respiration process involving a pyruvate- 

oxalacetate condensation. Thus, in the presence of 

streptomycin, a larger amount of pyruvate could accumulate. 

Pyruvate and hydrogen peroxide react together chemically 

in such a way as to destroy hydrogen peroxide; and it has 

been suggested (21) that Pneumoccoci can be protected in 

the presence of r by pruvate. On the other hand, in 

the absence of streptomycin, pyruvate will be broken down 

by Eseherichia coli to succinate with the formation of 

hydrogen peroxide as an intermediate product proceding the 

formation of fumarate and water. In the presence of 

streptomycin, more pyruvate would be available to the 
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sperm cells for destroying the hydrogen peroxide produced 

by semen-Escherichla coli combinations. Consequently, the 

sperm motility would be still better with semen-Escherichia 

coli-streptomycin than in semen suspension alone. In the 

absence of streptomycin, the hydrogen peroxide would 

accumulate in a larger amount in semen-Escherichia coli 

suspension than in the suspension containing sperm alone. 

The smaller amount of hydrogen peroxide formed in the 

untreated semen suspension may be more easily decomposed 

by the sperm catalase and consequently the sperm motility 

would be much better than that when Escherichia coli has 

been added. In considering the reversal of the sperm 

motility depression by Escherichla coli with glucose, it 

is suggested that glucose interfered with tie deamination 

process of amino acids by Escherichis coli and thus lead to 

a decrease in hydrogen peroxide formation. Further, the 

pyruvate accumulated during the break-down of glucose may 

also have served in eliminating the inhibitory effect of 

Eacherichia coli on sperm motility. It has been pointed 

out (69) that the principal effect of' glucose on the 

oxidative deamination of glycine, d.-1-alanine id 

1-glutamic acid by Escherichla coli is to inhibit the 

formation of the enzimes during the growth. They found 

that with the Escherichla coli strain I and 2 per cent 

glucose, this inhibition eliminated the formation of 95 

per cent of the three amino acid oxidases. 
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There are a few objections to the explanation just 

given. For instance, McLeod and Gordon (47) failed to 

detect the formation of hydrogen peroxide by Eseherichia 

coli growth on choco1ate!? agar. They (48) also found 

that Escherichla coli is a strong catalase producer. 

Pearce (57) found that hydrogen peroxide is formed in 

Aspergillus niger as a result of a primary oxidation re- 

action of glucose catalysed by glucose oxidase. however, 

these observations are not necessarily contradictory. 

First of all, the failure to demonstrate the formation of 

hydrogen peroxide in one medluni will not exclude the pos- 

sibilities that the hydrogen peroxide has been formed in 

that medium. As mentioned by Oppenheimer end Stern (55), 

in the case of cells containing catalase but possessing a 

cyanide resistant respiration system, e.g., Chlorella, the 

attempt to detect hdrogen peroxide, even after the in- 

hibition of catalase by cyanide, has failed to produce 

posftive results. Secondly, even though Escherichla coli 

is a strong producer of catalase, it does not necessarily 

mean that the catalase produced by Escherchia coli will 

be available and sufficient to reduce the hydrogen peroxide 

accumulated in semen-Escherichla coli suspension enough to 

eliminate the Inhibitory effect of hydrogen peroxide on 

sperm motility. FuTther, the fact that hydrogen peroxide 

may be formed as a result of a primary oxidation of glucose 

catalysed by glucose oxidase, does not necessarily mean 
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that the addition of glucose in semen-Escherichia coli 

suspension will result in an increase in hydrogen peroxide 

formation and cause a depression of sperm motility. On the 

contrary, Salisbury (63) has shown, in bovine semen, there 

was a beneficial effect on sperm motility with each addi- 

tion of glucose at levels of 0, 116, 232, and 464 mg. per 

ml. of diluted semen. This indicated that hydrogen 

peroxide was not necessarily produced in glucose utiliza- 

tion. 

Hydrogen peroxide accumulation as the cause of the 

motility-depressing effect of Escherichla coli on 

spermatozoa was strongly supported by the fact that 

catalase reversed the Escherichla coli effect on sperm 

motility. While other interpretations may eventually be 

developed, all of the evidence points to hydrogen peroxide 

as a key substance in the system, and suggests that the de- 

pressing effect of Escherichia coli on sperm motility was 

chiefly due to hydrogen peroxide accumulation in semen- 

Escherichla coli suspension in an amount sufficiently high 

to interfere with glycolysis and to inhibit the motility of 

the sperm cells. 
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STJ1TMARY 

1. The number and type of microorariisms from 225 

ejaculates of dairy bull semen have been studied. 
2. The number of microorgsni3ms was expressed by 

plate count on brain-heart infusion asar incubated at 37°C. 
for 96 hours, end the type of mlcroorgenisins was identified 
as to species according to standard methods. 

3. The plate count varied from none to 29,700 per ml. 

of undiluated fresh semen, with an average of 684. It 
varied within individuals and between bulls. 

4. Micrococcus species and Pseudomonas aeruginosa 

were the predominating microflora in bull semen studied. 
Streptococcus was found in semen only very occasionally. 

5. The correlation between plate count and per cent 
non-return of estrus of cows 8 months after breeding was 

not statistically significant. However, the over-all breed- 

Ing efficiency may possibly be raised by eliminating semen 

ejaculates with high plato count. This conclusion is based 

on the consideration that, of 104 ejaculates of semen, the 
non-return rate of semen ejaculates having plate counts of 
150 or less per 0.01 ml. was 57 per cent and the non-return 
rate of semen ejaculates with counts over 150 averaged 

42 per cent. The difference in non-return rate between 

semen ejaculates with plate counts higher or lower than 
150 per 0.01 ml. was statistically significant. 
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6. On the basis of the comparatively high incidence 

or high plate count of certain microorganisms found in 

semen of low fertility bulls, it was suggested that 

Micrococcus aurantiacus, Micrococcus pyogenes var. albus, 

Alcaligenes metalcaligenes and Corynebacterium simplex may 

be assocIated with infertility. 

7. Based on the higher incidence of certain micro- 

organisms occurring in semen from bulls with great dif f er- 

ences between the non-return rates of 50-80 days and 8 

months after breeding, it was suggested that Micrococcus 

aurantiacus, Micrococcus pyogenes var. albus, and 

Escherichia coli may be associated with prenatal death. 

8. P8eudomonas aeruginosa has apparently no associa- 

tion with impaired potential fertility. It has no notice- 

able detrimental effects on spermatogenesis, semen quality, 

or the potential fertility of the bull. 

9. In vitro studies revealed that Escb.erichia coli 

has a depressing effect on sperm motility in semen of dairy 

and beef bulls, rams, and rabbits. This depressing effect 

was noticeable usually about 4 hours after the semen 

diluted in egg-yolk sodium citrate medium was incubated 

with the Eacherichia coli at 38°C., and not until 96 hours 

if placed at 50C. 

10. It has been found, that the oxygen uptake in 

sperm-Eacherichia coli or semen-Escherichia coli suspen- 

sions was increased. This increase has been observed 



consistently in semen from dairy bulls, beef bulls, rams, 

nd rabbits. Washing of spermatozoa or Eseherichia coli 

cells did not eliminate the increase in oxygen consumption; 

but heat-treatment of Escherichia coli (65°C.for 30 minutes) 

did eliminate the increase. 

11. The pH in semen-Eseherichia coli suspensions was 

consistently higher than the pH of semen in egg-yolk sodium 

citrate medium without the addition of Escherichia coli. 

pH changes brought about by Escherichia coli did not appear 

to be a contributing factor in depressing sperm motility. 

Likewise, carbon dioxide did. not seem to be a prime factor. 

12. The depressing effect of Eseherichia coli on 

spermatozoan motility was reversed by streptomycin, glucose 

or catalase. This suggested that the main factor involved 

in the depressing effect of Esoherichia coli on spermato- 

zoan motility was the accumulation of hydrogen peroxide in 

the semen-Escherichia coli suspensions. The reversal by 

streptomycin of the effects of Escherichia coli on 

spermatozoan motility was tentatively explained as an 

interference with the terminal respiration process of the 

Eacherichia coli cells, by streptomycin, and thus the pro- 

vision of more py'ruvate for the sperm cells to react with 

hydrogen peroxide. The reversal of glucose on the depress- 

Ing effect of Eacherichia coli on spermatozoan motility was 

suggested as due to a. block of amino acid oxidase formation 

in the Eseherichia coli cells and thus elimination of the 
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deamination of amino acids and a reduced formation of 

hydrogen peroxide from amino acids; besides, glucose may 

also have provided more pyruvate to the sperm cells to 

react with hydrogen peroxide. 

The reversal of the depressing effect of Escb.erichia 

coli on sperm motility by catalase confirmed the sugges- 

tion that the motility depressing effect of Eseherichia 

coli on sperm cells was chiefly due to an accumulation of 

hydrogen peroxide in semen-Eseherichia coli suspensions in 

an amount sufficiently high to interfere with glycolysis 

and to inhibit the ntility of the sperm cells. 
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TJ. 1. PLATE COUNIb 07 WICR00RC.NISMS ISOLATED FROM DAIRY B]LL 
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Reark8: e. From i - 36 ere the microor,en1ss isolated troia 106 ejaculates or bull. 
aemen studied in the first period of this studtes (1arcb April and .ay 
1949), using brain-tieart infusion agar. By usixu. selective medium there 
were only 2 samples of semen, out of 10 from one (112) of the 19 bulls 
studied in the second period (..ay, .iune and .July lb0), snare Strepto- 
coccus was round. 

b. The numbers iven in the body of the table are the plate counts of the 
m1croorenlsms isolated from 0.01 mL. or fresh undiluted semen. 
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FERTILITY OF ThE BULL 

Non-Return Fate Number of 
'ertlitty . 11 cows 

AJ-bO dy ¿-months Difference insemin8t 

; c 72.88 66.10 6.78 59 

j 1c 67.86 64.88 2.98 168 

Hia1 J o 67.96 6.11 4.85 206 

G 67 68.52 62.96 5.56 54 

J 18 67.51 61.98 5.53 676 

Grour 67.97 ô2.3 5.65 1173 

G 69 65.66 61.61 4.05 831 

H 7 69.13 61.52 7.61 369 

c; 59 63.34 60.95 2.39 338 

G 6 66.15 60.00 6.15 780 

J 23 64.93 59.71 5.22 345 

J24 64.63 57.95 6.68 440 

f 8 61.66 57.10 4.56 373 

:; 68 56.95 52.98 3.97 151 

grout 64.93 59.75 5.18 3627 

; 66 51.58 47.:7 4.21 190 

j . 51.0C 45.74 5. 94 

Lov J : 49.23 42.05 7.18 195 

: 41.12 35.51 5.61 214 

: 45.60 34.40 11.1 250 

;rc 47.06 39.98 7.10 943 

ll :1:- 62.60 :7.0 5.57 5743 
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TABLE 3. ThE REEION OF PLATE COUNT ON NON-RETURN RATE 

Fertility u1Is r i' . Line of Reressic:. 

J 20 - .9559 4 2 69.45 - .06 x 

HI L 
J le - .0530 12 10 63.61 - .004 x 

rcir - .467 16 12 u6.63 - .04 x 

; - .2559 12 10 62.68 - .02 x 

E 7 - .2639 '7 5 61.66 - .04 x 

c s - .5280 5 ¿ 61.95 - .16 i 

G 65 - .2594 12 10 61.92 - .11 x 

..- 
J. 23 - .4667 : 93.7 - .31 z 

J- 24 - .0384 9 7 56.e8 - .04 x 

li 8 - .1104 10 E 60.66 - .03 x 

G 68 t .9847 3 1 45.82 + .11 x 

GroLp - .1630 65 -7 ôO.62 - .03 z 

G 66 + .6406 i 44.06 f .07 x 

Lo; H 3 + .3030 7 . 5 29.26 + .04 x 

H 9 - .2223 7 5 32.28 - .06 x 

roui + .2036 1? 11 5.?7 + .03 x 

All bull - .1847 96 70 55.65 - .03 z 
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TABLE 4. SLN UAIJ'1T OF BELL J18 

Periods umber of semen 
eacu1etes 

Semen eacu1ates 1u31fied 
tor artificial bree1in 

_____________ collected Total number Pr cent 
arch, 

April, 1949 25 22 
L.ay ______________ 

June, 1950 28 25 
J uly 

TABLE 5. CMTY TINGS 0F SPERL.ATCLOÂ 

Lotility I.oti1ity observec under High .ariiCiction(44 
Ra tines 

10 Iost spermatozoa are very active, motile and 
proreosive. 

9 Lost spermatozoa are active, motile and prore- 
saive. 

8 Lany spermatozoa are active, motile and prore- 
salve. 

7. ..any sçermatozoe are motile and slowly prore- 
sive. 

6 Some spermatozoa are motile but only slowly pro- 
ressive. 

5 Some spermatozoa are motile but only weacly pro- 
ressive. 

4 L:any spermatozoa are motile but have only oscila- 
tory motion. 

3 Some spermatozoa with oscilatory notion. 

Only a few spermatozoa with very weak oscilatory 
motion. 

1 Only 1 or 2 spermatozoa .iitL very wea1 oscilatory 
motion. 

O o motile spermatozoa can be found. 
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TABLE . 
REVSAL O? 'mE )OflLITY DRESSING EF'ECT OF ELcI:ERIcHIA QQ 

ON S ERATZOA BY ThTC1.YCIN,GLUCCE OR CaTtLSE 

:eogcuts Suspensions Motility 

a. Cernen - Each. coli -Stretoznycin Xost active 

b. Seinen 
j, 

C. Seinen - Streptomycin 

d. Semen - Esch. coli Least active 

a. Semen - lucose - Each. coli ..ost active 

b. Semen 

o. Semen - Glucose i' 
' h Cenen - Esoh. coli Least active 

a. Semen - Catalase ilost active 

.j b. Semen 
4 

o. Semen - Esch. coli - Catalese 
o 

d. Semen - Esch. coli Least active 

TABLE Z. 

TBER O? icRooRTSL:S I S' I REIJi1ON TO BREEDING EFFICIENCY 

on-return Rate 

o-8o days 8-nonths no. cows bred 

Up to 10 63.49 58.2e l9O 
11 - 50 e.i6 7.37 1330 
51 -100 62.75 56.95 655 

10]. --150 61.11 56.44 404 
151 - 200 55.67 51.67 300 
201 - 250 56.58 50.00 E28 
251 and up 57.44 46.80 47 

': to 150 63.01 57.49 3679 
151 end up 56.17 41.91 575 

ifferenCe 6.64 15.56 

Chi-uare 9.66 9.56 ________________ 
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?IC3RE 1. INCIDCZ 07 .CRCORGANIS IN DAIRY BULL STh 

Per cent or semen ejaculates 
from which the microorganisms ICRO0RCNISMS 
pave been isolated 

15.38 

13.46 

pyoenes ver. albus (4.5) 

- 
Cory. simplex (42) 

11.53 
I ----- L. aurentiacus (47.5) 

9.61 
I ----- - E'. aeru8inoaa (78) 

8.65 I - - - - - - - - Esch. coli (4E) 

7.69 j - - - - - - - - Alc. metalcaligenes (71) 

5.77 
I ------- B. cereus (1.5) 

Ale. faecalis (54) 

4.88 -------- - - M. citreus (3) 

3.84 ÇA. eerogenes (13) ; 
Ale. booeri (4); 

I B. coagulans (2) ; 
Cory. helvolum (5.5) 

"M. caseolytiacus (5). 

rB. subtilis(4) I. freudenreichii(10) ; 
M. epidermidis(2) 

; 
M. pyo- 

2.90 - - - [genes ver. enreus (4.5) ; 
Prot. rettgeri (84) ; 

S. flava (2) 

_______ '_P5. fluorescens (9.5) ; 
yeasts (2.5) ; Streptomyces (4). 

;:-:-;i - - - - 
M. cendidus(1.5) ; 

M. luteus (4) 
; 
S. hamagucbii (4). 

__l Achr. eurydice(7); Alc. marshalli(l); B. circulans(l1); B.macereus(l); 

.ç - - - - IB. megatherium(1) ; 
M. flavus (26.5) ; Prot. mirebilis(7l) ; S.lutee(1) 

_J s. eurantiacus (64); S. hamaguohii(4); 

RABXS : a. The Microorganisms which have the same percentage are grouped 

together. 
b. The numbers in the parenthesis indicating the average plate 

counts prr 0.01 mi. of fresh undiluted semen. 



REGRESSION OF PLATE COUNT ON NON-RETURN RATE 
! i -.- 

FIGURE 2. BULLS OF HIGH FERTILITY FIGURE 3. BULLS OF AVERAGE FERTIUTV 
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FI CTJRJ 6 ND?BER OF CROORC.NIS IN S 
IN RELATION TO BREEDING EFFICIENCY 

250 
Range or Plate Counts 
per 0.01 ml. of semen 

200 

i o o 

50 

I] 

'70 

50-80 deys 

O 
60 

50 
8-months 

40 Per cent Non-return of Estrus 
of Cows after Ereeding 
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FT RF 7e ThE OCCURRENC! 0F }'SEUD0NAS AERUCZN0A IN SEI 

FROL DAIRY BULLS OF VARIOUS FERTILITY LEVELS 

Larch,April,May 1949 

064 fl6 J20 067 JiB 069 H 7 065 J23 J24 059 H 8 068 066 J22 J25 H 9 H3 
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FIGtJRE 7b. 'I![E OCCURRCE OF FSEUDOMONAS MRUGINOSA IN S 
FROM DAIRY BULLS OF VARIOUS FERTIlITY LEVELS 

(gay, June, July 1950) 

GM 316 H 8 G59 065 G70 H 7 H 2 H12 326 G69 318 322 317 ¡27 G68 Eli G66 323 

BULLS 



FI CURE 8. PSEUDO!ONAS AERUGINOSA IN RELATION TO FTILI ri (1949). 

a. Non-return Rate of J18 

Non-return 
ra te 

70 

60 

50 

4( 

3U 

iar.Apr. Iay May June July 
1949 1950 

b. Nonreturn Rate for Semen Ejaculates 
contsinin ahd not containing 
P. aeruinosa 

¿emer. ox.taining 70 
Ps. ueruinosa 

I I 

Semen not 
containing 60 

. aeruinose 

50 

40 

H3 J24 J18 
Bulls 

O) 



Non-return Rate 

80 

70 

50 

40 

30 
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FIJRE 9. PSEUDOMONAS AERUGINOSA IN RELATION TO FERTILITY (1950) 

Semen containing is. aeriginosa. 

I i Semen not containing aerwinos. 

G ::7 327 318 H 2 G70 Ji? 326 G9 J16 322 068 Hil i1. 



FIGURE lo 

POSSIBLE RELATIONSHIP BET.YE ThE TYPE OF CROORGANISMS IN SA & PRENATAL WORTAUTY 

Difference Between 
Early(50-80 Days) and Late(8-onths) 

Non-return Rates 

PREbOINt lIN G SFECI E 

Based on the er Based on tne 
cent of remen uverae plate 

BULLS ejaculates rro count per ml. 
which the mlcro- of undilute. 
oranisi has been remen. 
isolated 
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i s.ceruir.ose 
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albus 

Esch. coli 

A. fuecalis 

:. aurantiacus 
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EFFECT OF ESCHERIOHIA COLI ON SPERM MOTILfTY 

10FjQ : i i a. Fi E n b. : . 
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EFFECT OF ESCH. COLI ON SPERM MOTILITY 
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FIGURE 16. EFFECT OF ESCH. COLI ON SPERM MOTILITY 
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FIJRE 17. 'FECT OF ESORICA COLI ON pH CHANGES IN S1 

In Egg-yolk Na-citrate, 24 hrs. at 50C and lo hrs. at 380 

Semen 

pH in Seinen 
7.0 

6. 

6. 

Semen - 
. Semen - 

.! 
coli 

CO2 removT1 

G75 H2 J32 

Dairy Bulls > 

i4 214 

Rams >< 
SOURCES OF S2 

cJ. 
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FIGURE 2O. i 

OXYGEN UPTAKE OF AM SEMEN-ÇSCH. COLI SUSPENSION 

BEFORE ND AFTER HEAT TREATMENT ( 65°C. 3OMINUTES) 
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OX GEN UPTAKE OF RAM- SUSPENSION 

FIGURE 211 FIGURE 22 

IN GO-YOLK SODIUMcITRATE iN SODIUM CITRTE 
(At 5C. for 24 hours) 
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APPENDIX i 
'FECT OF ESCHERICHIA COLI ON SPERMITOZOAN MILITY IN RAM SEMEN 

O 5°C 38°C 
Sources Hours O 24 36 48 72 96 2 4 6 8 10 
of Semen 

Treatment _________________________ 

RarnNo.12 a.Sexnen 9 8 8 8 8 8 8 8 8 3 0 
b.Semen+E.coli9 8 8 7 8 8 3 2 O O O 

Rallo. a.Semen 8 8 8 7 7 6 7 6 6 5 0 
b.Semen+E.coli8 8 8 7 4 4 7 3 0 0 0 

RamNo. 214a. Semen 9 9 8 8 8 7 7 6 5 4 3 
b.Semen+E.coli9 9 8 8 8 4 5 2 0 0 0 

Average a. Semen 8.7 8.3 8 7.7 7.7 7 7.3 6.7 6.3 4 1 
b. Semen+E.coli 8.7 8.3 8 7.3 6.7 5.3 5 2.3 O 0 0 



APPENDIX 2 

EFFECT OF EßCBERICHIA COLI (ARIcAN TYPE COICTIONS) 
ON SPERMPTOZOAN MOTILITY IN DAIRY BUlL SEEN 

Sources tO 5°C 8°C 
of Semen Hours 0 24 2 4 6 8 10 

Treatments 

H 2 a. 
b. 

Semen 
Semen+E.coli 

_________ 

10 
10 

10 
10 

_______________________________ 

10 
8 

10 
3 

10 
1 

10 
0 0 

J 26 a. Semen 10 10 10 10 10 7 6 
b. Semen+E. coli lo 10 9 3 0 0 0 

G 73 a. Semen 10 10 10 10 8 2 0 
b. Semen+E. coli 10 10 9 6 0 0 0 

Average a. Semen 10 10 10 10 9.3 6.3 5 
b. Semen+E. coli 10 10 8.4 4 0.3 0 0 

(D 



APPENDIX 3 

EFFECT OF ESCBERICHII. COLI ON SPERM MOTILITY 
IN BEEBULL SEMEN 

-In the Presence or Absence of Streptomycin- 

.pti1it1ity 

R at R our s 

2 4 6 8 10 
Bulls ments 

a. 8 8 6 0 0 0 
b. 8 8 2 0 0 0 

in c. 8 8 7 7 3 2 
d. 8 8 5 0 0 0 

a. 8 8 8 7 4 2 
b. 8 8 6 2 0 0 

.3:3 C. B 8 8 7 6 5 
ci. 8 8 8 7 6 5 

a. B 8 7 4 0 0 
b. 8 8 7 4 1 1 

114 CI B 8 7 7 3 L 
d. 8 8 7 7 3 1 

a. 9 9 9 8 3 0 
b. 9 9 0 0 0 0 

llr7 e. g g 9 3 0 0 
cl. 9 9 9 8 6 6 

a. 8.2 8.2 7.5 4.e i.e 0.5 
b. 8.2 6.2 3.8 1.5 0.3 0.3 

verage o. 8.2 8.2 7.8 6.0 3.0 2.3 
d. 8.2 8.2 7.2 5.5 3.8 3.0 

REMARKS: Streptomycin: 10 gm per ml. Na-citrate 
Semen: Eg-yoik citrate=1:5 
a Semen 
b - Semen+Esch. coli 
c = Semen+treptomycin 
d Semen+Esch. colisstreptornycin 



APPENDIX 4 

EFFECT OF ESCHERICHIA ÇOLI ON SPERMATOZOAN 
MOTILITY IN DAIRY BULL SEMEN 

-In the Presence or Absence of Streptomycin and Penicillin- 

to 

ments 

5°C 38°C 

0 24 2 4 6 8 10 

a. Semen 10 10 8.9 8.4 7.4 5.2 2.9 

b. Semen+E. coli 10 10 6.1 3.3 0.6 0 0 

c. Semen+streptomycini- 
penicillin 10 10 9 8.4 5.9 3.4 1.6 

d. Semen+E. coll+ 
streptmyin+penici11in 10 10 9.7 9.6 9.2 7.9 7.4 

REMARKS: Data were the averages of 10 samples 

co 
H 
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APPENDIX 5 

FFFECT OF ESCIRICHIA COLI ON SPERMATOZOAN 
MYI'ILITY IN DAIRY BULL SEMEN 

-In the Presence or Absence of Catalase or Glucose- 

Sources to 5°C 38°C 
of Semer 

Hours O 24 1 3 5 7 9 

Pre atinent s 

a. LO 10 9 3 2 0 0 

b. .0 9 0 0 0 0 0 
G77 c. 0 10 9 9 8 7 5 

d. .0 10 9 9 8 3 0 

e. _O 9 8 2 0 0 0 
f. _O 9 9 7 7 6 3 

a. 0 9 9 5 3 0 0 
b. LO 9 0 0 0 0 0 

H14 c. ..O 9 9 9 8 8 0 
d. 0 9 9 9 8 3 1 
e. 0 9 9 6 2 0 0 
f. LO 9 9 8 8 6 0 

a. 1010 10 9 7 6 0 
b. 10 10 1 0 0 0 0 

J 28 e. lO 10 10 10 9 9 0 
d. 1010 10 10 9 3 1 

e. 10 10 10 7 7 7 2 

f. lo 10 10 9 9 7 3 

a. 10 9.6 9.3 5.7 4.0 2.0 0 
b. 10 9.3 0.3 0 0 0 0 

average e. 
d. 

10 
10 

9.6 
9.6 

9.3 
9.3 

9.3 
9.3 

8.3 
8.3 

8.0 
3.0 

1.7 
.67 

e. lo 9.3 9.0 5.0 3.0 2.3 .67 
f. 10 9.3 9.3 8.0 8.0 6.3 2.0 

REMARKS: a Semen 
b - Semen+E. coli 
e - Semen+catalase 
d - Semenscatalase+E. coli 
e - Semen+glucose - 
f = Semen+glucose+E. coli 



APPENDIX 6 

EFFECT OF ESCHERICHIA COLI ON SPERMATOZOAN MOTILITY 
(with and Without the Removal of CO2) 

Motility Temperatur 5°C 3800 

Houra O 24 2 4 6 810 
Sources 
of Semen Treatinenta 

S. 8 8 8 8 8 6 0 
G75 S.E.C. 8 8 8 8 1 0 0 

S.x!a.C.* 8 8 8 8 1 0 0 

S. 8 8 8 8 O O O 
Bulls H2 S.E.C. 8 8 6 2 0 0 0 

S.E.CI* 8 8 6 2 0 0 0 

S. 8 8 6 6 6 5 1 
J32 S.E.C. S 8 5 2 0 0 0 

S.E.C.* 8 8 5 2 0 0 0 

S. 10 10 10 6 3 1 0 
214 S.E.C. 10 10 8 2 1 0 0 

S.ESC.* 10 10 8 2 1 0 0 

s. lo lo 10 6 3 0 0 
Rams 214 S.E.C. 10 10 8 3 2 0 0 

S.E.C.* lo 10 8 3 1 0 0 

S. 4 3 2 0 0 0 0 
12 S.E.C. 4 3 2 0 0 0 0 

S.EIC.* 4 3 2 0 0 0 0 

s. 9 9 8 8 8 3 0 
31 S.E.C. 9 9 3 0 0 0 0 

S.E.C.* 9 9 3 0 0 0 0 

S. 9 9 8 8 7 2 0 
Rabbits W5 S.E.C. 9 9 1 0 0 0 0 

S.E.C.* 9 9 1 0 0 0 0 

S. lo 9 8 8 8 4 0 
W6 S.E.C. 10 9 1 0 0 0 0 

S.E,C.* 10 9 1 0 0 0 0 

S Semen S.E.C. = Semen plus E. coli 
SIE.C.* - Semen plus E. coli with the removal of O2 



APPENDIX 7 

EFFECT OF ESCRICllIA COLI ON TIlE pH SE?N 

(In egg-yolk 8ocidium citrate medium at 50C. for 24 hours 
and at 380C. for 10 hours 

pH Values reatmenta Semen-Eseherichia coli Suspension 

Semen 
sofS not removed CO2 removed 

G. 75 6.45 6.70 6.70 
Dairy Bull H 2 6.50 6.75 6.85 

J 32 6.65 6.80 6.80 

R 214 6.GO 6.91 6,30 
Rams R 214 6.85 6.60 6.75 

R 12 6.5o 6.75 6.75 

B 1 6.70 6.90 6.75 
Rabbits W 5 6.70 6.90 6.80 

W 6 6.70 6.90 6.85 

The CO2 in the air space of the culture tubes was removed by placing a roll 
of f11er paper (Whitman no. 40) in a center tube and soaked with NaOH (1 N) 

w 



APPENDIX 8A 

OXYGEN UPTAk O? RAM SEMEN ESCHERICHIA COLI IN EGG-YOLK SODITJ1I CITRATE MEDIuM 

-In the Absence of Streptomycin- 

Experi- Treat Time in Minutes 
monts ments 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

a. 9 17 25 52 39 45 54 57 64 75 79 85 88 95 99 
ist b. 27 54 85 126 173 225 271 321 377 440 492 550 599 653 701 

C. 48 95 148 213 281 353 420 486 550 627 688 748 808 869 928 
d. 36 71 109 158 212 270 325 378 441 515 571 635 687 748 800 

a. 7 13 17 23 27 30 34 39 40 45 48 53 56 58 61 
2nd b. 26 53 82 131 174 234 287 355 411 473 541 594 651 711 764 

C. 44 89 141 206 268 345 398 474 530 597 665 724 785 844 897 
a. 33 66 99 156 201 264 321 394 451 51B 589 647 707 769 825 

a. 15 26 34 48 59 68 76 87 96 106 114 123 133 144 152 
3rd b. 56 77 122 185 237 293 342 397 447 499 551 603 650 704 751 

C. 56 113 174 245 313 376 438 505 570 641 694 754 808 866 922 
d. 71 139 156 231 296 361 418 484 543 605 665 726 783 848 903 

a. 10 19 25 34 41 47 54 61 67 75 80 87 92 99 104 
Average b. 29 60 96 147 194 250 300 358 411 470 528 582 633 689 739 

C. 49 99 154 221 287 358 41.9 488 550 622 682 742 800 859 916 
d. 39 79 121 181 235 317 354 419 478 545 608 669 725 788 843 

REMARKS: a = Semen 
e = Semen .4 Esch.coli 
Numbers in the body of 

b = Esch.coli 
d. - Sum of (ii) + (b) 

the table Oxygen uptake in pl 



APPENDIX SB 

OXYGEN UPTXE OF RAM SEMEN ESCHERICHIA COLI IN EGG-YOLK SODIUM CITRATE MEDIUM 

-In the Presence of Streptomycin- 

xperi- Treat- Time in Minutes 
monts ments 10 20 3O 40 50 60 70 80 90 100 110 120 130 140 150 

a. 10 15 25 33 40 47 56 59 65 75 78 86 90 96 100 
ist b. 25 44 65 88 107 127 150 167 183 205 221 2$6 253 268 28$ 

C. 45 84 126 169 209 254 296 339 $85 423 461 499 535 574 598 
d. 35 59 90 121 147 174 206 226 248 280 299 322 343 364 393 

a. 8 13 15 20 24 29 32 38 40 42 46 49 51 56 56 
2nd b. 1$ 22 32 42 49 57 63 74 77 83 99 94 100 103 104 

e. 26 46 69 91 114 133 146 166 179 197 212 231 248 260 275 
d. 21 35 47 62 73 86 95 112 117 125 145 143 151 159 159 

a. 8 19 29 42 50 60 66 76 81 92 101 109 115 123 132 
rd b. 15 28 39 55 66 78 88 99 111 124 134 145 153 161 172 

e. 35 62 89 119 144 171 193 219 243 268 292 316 337 359 377 
d. 23 47 68 97 116 138 154 175 192 216 235 254 268 284 304 

a. 8 15 23 31 38 45 51 57 62 69 75 81 85 91 96 
verae b. 18 31 45 62 74 87 100 113 123 137 148 158 168 177 186 

e. 35 64 95 126 156 186 212 241 269 296 322 348 373 398 417 
d. 26 46 68 93 112 132 151 170 185 206 223 239 253 268 284 

REMiRKS: a Semen 
e = Esch.coli + Semen 
Numbers in the body of 

b = Esch.coll 
d - Sum of [a) + (b) 

the table - Oxygen uptake in 



APPENDIX 9 

OXYGEN UPTAKE OF DAIRY BULL SE!1EN-ESCHERICHIA COLI 
IN EGG-YOlK SODIUM CITRATE MEDITTh 

Treatments lo 20 30 40 50 60 
Time 

70 
in Minutes 

80 90 100 110 120 130 140 150 

a. E.colj 39 89 145 204 254 313 364 424 482 535 594 646 700 752 805 

b. Semen 9 14 21 26 30 36 37 41 44 49 53 57 60 62 67 

e. Semen+ 
E.coli 59 120 188 249 313 377 435 497 562 622 682 735 794 850 903 

d. Sum of 
(a)4(b) 48 103 166 230 284 349 401 465 526 594 647 703 760 814 872 

REMARKS: Numbers in the body of the table - Oxygen uptake in ¿ji 

OD 
-D 



APPENDIX 10 

OXYGEN T5PTA OF RAM SPERM-ESCHERICHIA COLI BEFORE AND AFTER HEAT TREATMENT 

xperi- Treat- Time in Minutes 
ments ments 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

a. 19 40 60 87 118 153 202 254 315 384 440 503 559 618 675 
b. 6 11 15 19 23 27 31 31 33 41 43 45 50 52 56 

1 e. 30 59 96 15 184 244 303 365 421 481 538 589 646 703 753 
d. 24 46 75 113 158 224 278 336 399 463 521 579 637 701 751 
e. 6 10 15 22 27 29 32 34 38 41 46 45 49 54 55 _______ 
a. 26 55 87 124 172 231 281 327 375 427 480 532 582 632 683 
b. 11 20 29 36 44 52 62 66 73 80 87 94 101 104 113 
C. 42 82 136 191 251 314 370 436 507 583 649 718 781 845 910 
a. 35 67 109 161 216 278 335 390 454 514 580 649 710 764 825 

_______ e. 13 22 31 40 47 56 67 72 79 86 96 102 107 109 12]. 
a. 64 117 187 256 320 375 443 502 562 619 678 733 791 842 85 
b. 10 22 36 49 6]. 63 75 85 95 102 111 117 125 131 136 

3 C. 77 151 236 314 392 459 534 603 671 736 805 863 924 985 1045 
d. 67 133 209 289 354 414 481 537 605 659 720 775 823 838 941 

_______ e. 10 23 32 46 55 62 74 80 93 102 111 119 125 130 136 
a. 36 7]. 111 156 203 253 309 361 4]? 477 533 589 644 697 751 
b. 9 18 27 35 43 47 56 61 67 74 80 85 92 96 102 

verage C. 50 97 156 213 279 339 402 467 533 600 664 723 784 844 903 
d. 42 82 131 188 243 305 365 421 486 545 607 668 723 768 839 
e. 10 18 26 36 43 49 58 62 70 76 84 89 94 98 104 

REMARKS: Numbers in the 
a = E. coli 
e = SeEen-f E. 
e = Semen-e E. 

body of the table 
b 

coli d 
coli (65°C for 

30 minutes) 

- Oxygen uptake in 
= Semen 
= . coli -t- Semen (65°C for 

30 minutes) ri: 



APPENDIX 11 

OXYGEN UPTAKE OF RAM SPERM ESCifEIUCHIA IN EGG-YOLK SODIUM CITRATE ivDIUM 
ÇAt 5°C. for 24 hoars) 

Sources Troat Time in Minutes 
of Semen ments 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

a. 20 44 75 115 153 201 256 313 366 427 490 536 598 653 709 

b. 2 6 7 9 11 14 15 17 19 19 24 23 27 30 3$ 
Rain 12 e. 22 51 83 124 175 237 299 366 436 505 579 632 701 764 835 

d. 22 50 82 124 164 215 271 330 385 446 514 559 625 683 742 

b. 4 9 12 14 17 20 23 29 33 35 39 41 46 46 51 
Ran 214 c. 30 63 99 140 197 263 335 402 464 530 601 662 724 781 847 

d. 24 53 87 129 170 221 279 342 399 462 529 577 644 699 760 

b. O 4 6 8 9 12 13 14 15 17 18 17 19 22 22 
Ram 103 e. 22 49 80 120 168 231 307 374 437 506 579 637 698 758 823 

d. 20 48 81 123 162 213 269 327 381 444 508 553 617 675 731 

b. 2 6 8 10 12 15 17 20 22 24 27 27 31 33 39 
verage c. 25 54 87 128 180 244 314 381 446 514 586 644 708 768 835 

d. 22 50 83 125 165 216 273 334 388 453 516 563 629 686 744 

REMARKS: a Esch. coli 
bSperm 
C = Sperm + Esch. coli 
a Suiìi of (a) + (bY 
Numbers in the body of the table = Oxygen uptake in pl 



APPENDIX 12 

OXYGEN UP9KE OF RAM SPERM ESCIIERICHIA COLI IN SODIUM CITRATE IsvrEDIJ 

Sources of Time in Minutes 
Semen Treatments 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

a. 3 4 3 5 5 7 9 6 9101111121515 
b. 2 4 4 5 4 6 5 6 7 6 8 8 9 910 

Ram 24 C. 3 8 10 11 13 19 20 23 28 29 31 36 39 43 48 
d. 5 8 7 9 9 14 14 12 16 15 18 19 21 24 25 

b. O i 3 4 5 6 10 10 11 13 13 15 15 18 15 
Ram 29 0. 2 5 9 9 12 14 17 20 24 26 27 31 35 38 40 

d. 5 6 9 9 13 18 16 20 22 23 26 27 33 51 

b. O 1 0 2 2 0 5 5 3 6 6 6 8 9 3 
Ram 214 C. O 3 4 8 10 12 17 20 20 22 26 31 34 38 36 

d. 3 5 3 7 6 7 14 11 12 15 16 18 20 24 19 

b. 1 2 2 4 4 4 7 7 7 8 9 10 11 12 9 

Average e. 2 5 8 9 12 15 18 21 24 26 28 33 36 39 41 
d. 4 6 5 8 8 11 15 13 16 17 19 21 23 27 25 

REIVIARKS: a a Esch. 
b - Sperm 
e Sperm 
à = Sum of 
Numbers in 

coli 
+ Esch. coli 
(a) + (b) 
the body of the table a Oxygen uptake in )J1 

- o 


