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CHAPTER I

INTRODUCTION

The artificial vagina has become the generally accepted method
for collecting semen from bulls. It was invented by en Italian,

- Amantea (Willet 1956), in an attempt to increase the service of highly
desirsble sires. This was not a satisfactory method when using beef
bulls to study the effects of radiation on sperm production at the
UT-AEC Agricultural Research Laboratory. Two problems were encoun-
tered in attempting to use this method of collection. First, the
percentage of untrained and unselected bulls that would serve the
artificial vagina was relatively small; and second, it was difficult
to obtain consistently timed collections. It was, therefore, necessary
to bhave a large herd of bulls from which to select the desired number
of experimental animals. The failure of selected bulls to ejaculate
at scheduled intervals prompted the subsequent use of an electro-
ejaculation technique in such investigations.

The ease and consistency of obtaining semen from bulls by
electroejaculation is a great aid in condueting experiments and can
be used to obtain semen for breeding purposes when the male is unable
or unwilling to serve the artificial vegina.

Despite the fact that a number of pepers have been published
describing electroejaculation techniques, few intensive comparisons
of the characteristics of semen collected in the artificial vagina
vwith that collected by electroejaculation have been reported.



The purpose of this investigation was to examine and compare

the quality of semen collected by the srtificisl vegina and electro-
ejaculation. By so doing, the results of studies on semen cbtained
by electroejaculation could then be compared more accurately with
the results of other methods found in the literature,



CHAPTER II
LITERATURE REVIEW

Various methods used to collect semen from bulls have been
described by Winters (1938), Lembert and McKinzie (1940), Willett
(1956), and Rice et al. (1957). These include (1) insertion of a
sponge or breeding bag into the vagina of a cov prior to service,
(2) aspiration of semen from the vagina of a non-estrous female
after service, (3) messaging the ampulla, (4) electrical stimula-
tion, and (5) use of an artificial vagina. With the exeception of
the electrical stimulus and artificial vagina, none of these pro-
cedures consistently yield semen of satisfactory quality.

Successful ejaculation of rams using an eleetrical stimulus
was accomplished by Gunn (1936). One electrode was placed in the
rectum and the other inserted between the fourth lumber and last
sacral vertebra. Even though this method was successful, the
animal hed to be securely restrained.

Brady and Gildow (1939) employed three methods for collecting
rem semen: (1) from the vagina of a non-estrous ewe, (2) the artifi-
cial vagina, and (3) electricel stimulation. The largest volume of
semen was obtained by elecirical stimulation and the smallest from
the vagina of a ewe, Sperm concentration was highest with the
artificial vagina and lowest from electroejaculation. The greatest
percent of motile sperm was in samples from the artificial vaglna,
and no difference between the other two methods was observed. From
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these findings they concluded that the artificial vegina serves as the
most useful method of collecting semen from rems, and electroejacula-
tion has & very definite use especially when rams will not or cannot
serve a ewe or the artificial vagina.

- Terrill (19%0) compared semen quality and fertility using semen
collected by an artificial vagins, electrical stimulus, and from the
vagina of a ewe. About half as many sperm were obtained with elec~
trical stimulation as with the other two methods. Semen collected by
electroejaculation exhibited slightly poorer motility, and the number
of sperm per collection was more verisble than in semen obtained by
the other methods. The difference in spemm number and semen gquality,
however, did not appear to affect fertility following artificial
insemination.

Dziuk et al. (1954) end Marden (195k) described equipment and
techniques for collecting bull semen by electroejaculation, Dziuk
et al, used a 30-volt 60-cycle alternating current which could be
varied from zero to 30-volts by means of a variable transformer. An
isolation step-down transformer was used to isolate the current from
the power source and to allow & more gradual change in voltage., A
bipolar rectal probe 1-1/2 inches in diemeter with six rings spaced
1-3/k inches apart was used. They obtained 111 collections from 18
bulls. The average volume was 12,3 ml, per collection with sperm
concentration renging from "very low to 1,27 billion sperm per mli."
Even though the volume was larger and the concentration lower for the
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electroejaculated semen, the total number of sperm was comparable to
that obtained with an artificial vagina.

Marden (1954) reported that the most satisfactory results were
obtained using frequencies between 20 and 30 cyeles with a pure sine
vave pulse, Zero to 130 volts were obtained by using & power source
consisting of a transformer with a variable secondary winding. This
source, in turn, ectuated a 20-volt step-down transformer, thus
enabling a gradual rising and falling potentisl to be applied to the
electrodes. The cylindriecal lucite probe, 1-7/8 inches in diameter
and 13 inches long, consisted of four electrodes spaced 90 degrees
apart and connected in pairs at 180 degrees,

Rowson and Murdoch (1954) found that the greatest response
oceurred when the probe was in close contact with the prostate gland.
They used two ring electrodes which were inserted into the rectum
on a rubber-gloved hand, This permitted more accurate placement of
the elecirodes than was possible with a probe. These three types
of electrical units have glven good results.

In breeding trials using electroejaculated semen from nine
dairy stud bulls, vhich were collected the previous year with an
artificial vagina, Dziuk et al. (1954) found essentially no dif-
ference in the 60- to 90-day nonreturn rates for the two years,

A comparison of fertility with semen collected from two bulls by
artificial vagina and electroejaculation was also reported by
Menton (1956). The 90-day nonreturn rate of 1,438 first insemina~



tions with semen collected in the artificisl vagine was 64%, while
that for 3,712 first inseminations with electroejsculated semen was

Electroejaculated samples collected by Hill et al. (1956) had
a slightly higher pH and lower volume than those from the artificiel
vegina, No cell type differences were found in morphological studies
of semen collected by the two methods.




CHAPTER IIX
PROCEDURE

Twelve Hereford bulls, 2 to 6 years of age, were used in this
study which extended from February 23 to May 15, 1959. They were
selected from a group of 33 bulls on the basis of their willingness
to consistently serve an artificial vagine during a preliminary
training period. They were maintained as a single group on hay and
corn silage with access to pasture during the latter part of the
experimentel period.

The finger electrode method described by Perish (1958) was
used to collect the electroejaculated semen. The equipment cone
sisted of: (1) an isolation transformer (to isolate the circuit from
the standard 110 volt, 60 cycle, a-c source); (2) a varisble trense
former with a stop at 25 volts; (3) 0-1 empere smmeter; (&) 0-25
volt voltmeter; (5) 0.5 smpere fuse; (6) pilot light; (7) off-on
switch; and (8) two ring electrodes (schematic diagram, figure 1).
The ring electrodes were made from number 10 copper wire by forming
rings that fitted snugly over the first and second fingers of the
operator. The rings were scldered to a suitable length of rubber
insulated extension cord. A regular artificial vagina rubber cone
and a graduated centrifuge tube were used to collect the semen.

Usually a variable amount of clear fluid precedes the sperm
containing fraction during electroejaculation. This pre-sperm
fraction was discarded during this experiment.




P, = Standard male plug

P, = Standard female plug
S = DPST Switch

L = Pilot light

T, = Il Isolation transformer

T, = Variable transformer variac W-2
= 0-1AMP AC.Ammeter
M,=0-25 V.A.C. Voltmeter

F =0.5 AMP Slo- Blo fuse

=z

Pigure 1. Schematic wiring diagram of the electrical unit,
A1) components are standard items and ere available from radio

supply fims,



The generally accepted method and equipment were employed in
collecting semen samples with the artificial vagina (Lambert and
McKenzie, 1940). The collecting vials were warmed and insulated to
prevent the sperm from being cold shocked., A non-estrous cow fastened
in a stationary breeding stall was used as & mount. The bulls were
not restrained nor allowed intentional false mounts before serving the
artificiel vagina.

At the beginning of the experiment, and periodically through-
out, the preputial hair was clipped. The preputial area was brushed,
prior to each collection by electroejaculation to remove any loose
dirt.

An attempt was made to obtain two consecutive ejaculates from
each bull on Monday and Friday each week. To compensate for seasonal
and other uncontrolled envirommental trends, a single crossover
design was used. The bulls were divided into two comparable groups
of six animals (A and B) on the basis of the average number of sperm
obtained per ejaculate during a pre-experimental period.

The experimental period was divided into two unequal phases of
8 (first) and 4 (second) weeks duration. During the first phase both
first and second ejaculates from each bull were obtained by the same
method of collection. Semen was collected from the bulls in group A
during the first 4 weeks in the artificial vagina and the next A
weeks by electroejaculation. During the second phase the first
ejaculate was obtained by one method and the second ejaculate by the
alternate method. During the first 2 weeks of the second phase, the
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first ejaculate from the bulls in group A was collected in the arti.
ficial vegina and the second by electrical stimulus, During the last
2 veeks, the first ejaculate was obteined by electroejaculation and
the second by the artificial vagina, Throughout the experiment semen
was collected from the bulls in group B in the same collection
sequence but by the alternate method from that used with group A.

Immediately after each collection, the volume of semen was
recorded and the initial sperm motility in undiluted semen was
microscopically evaluated. Percent motile spemm was estimated from
0+100 in increments of 10 and the rate of progressive motility was
evalusted through a range of O<k. The pH of all samples of suffi-
cient volume (1.5 ml.) was determined using a Beckman pH Meter
(Model G).

Sperm concentration was estimated from optical density read-
ings with a Klett-Sumerson colorimeter. Optical density and
hemocytometer counts were made on semen samples diluted with a 2.8%
sodium citrate solution at a ratio of 1:39. The values of 52 samples
collected in the artificial vagina from 16 bulls and 42 samples
collected by electroejaculation from seven bulls were plotted (figures
2 and 3, respectively). Linear regression lines were fitted to these
data by the method of least squares (Snedecor, 1956). From the
equation Y = a + bX (Y, is the predicted sperm number; a, is the inter-
cept of the regression line with the ordinate; b, is the slope of the
line; and X is the observed optical density) a teble of predicted
sperm numbers for each method of collection was constructed. Correla-~
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Figure 2. Relationship between sperm concentration and optical
density of electroejaculated « The regression of hemocytometer
counts of sperm numbers (X per ml,) on Klett-Summerson Colorimeter
scale reading sbout 3 when semen vas diluted 1:39 (Y » -19.86 + 5.87 X).
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tion coefficients between optical density m‘i& Klett«~Summerson
colorimeter and hemocytometer counts were + 0.951 and + 0.954 for the
artificial vagine and electroejaculated samples, respectively,

Initial fructose concentration of all ejaculates obtained on
Friday during weeks 3-7 and 9-12 was determined by the resorcinol
reaction (Roe; 1934), as modified by Erb et al. (1956).

Maintenance of sperm motility during a h-day storage period
for all samples obtained on Monday during weeks 3 and 4, 7 and 8,
and 9 through 12 vere evaluated., Within 3 minutes sfter completing
each collection, 0.5 ml. of semen was diluted in 4.5 ml, of diluent.
The diluted semen was placed in a refrigerator and cooled to 5.0° C,
Subsequently all samples were further diluted to 12 million total
sperm per ml. by taking aliquots of the previously diluted samples
and more of the same diluent. This diluent was composed of one
part egg yolk to three parts of 3.2% sodium citrate containing 1000
units of penieillin per ml. Motility retings in the diluted semen
vere made independently by two individuals immedistely after the
final dilution and after 2 and 4 days of storage at 5.0° C,

Statistical analyses of the data for the various eriteria
vere by a weighted t-test or chi-square.



CHAPIER IV
RESULTS

The total number of semen samples collected during the 12-week
period by each method would have been 288 if all bulls had ejaculated
es scheduled, The nusber of samples obtained were 248 (86%) end 288
(100%), respectively, for the artificiel vegina and electroejacula-
tion methods of collection. Three bulls were responsible for 27 of
the 40 failures to ejaculate in the artificial vagina and one of
these bulls refused 15 times. When consecutive samples were
obtained by the same method the interval between electroejeculated
mh-mmt)mnmtostommm
ejaculates in the artificial vagina,

The data on volume, sperm mmntion, total sperm, motility,
and pH for the entire 12 week period are sumarized in table 1. A
larger volume of semen and lower sperm concentration was consistently
obtained by electroejaculation (P < 0,001). The total musber of
sperm cbtained by the two methods, however, was not statistically
different (P > 0,05). The electroejaculated semen exhibited a
higher degree of progressive motility (P < 0,01) and also hed a
higher pi (P < 0.001).

The major difference between the first and second phases was
in the total mmber of sperm obtained by the two methods. During
the first phase when consecutive ejaculates from each bull were
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TABLE I

CHARACTERISTICS OF SEMEN COLLECTED IN AN ARTIFICIAL VAGINA
OR BY ELECTROEJACULATION

Number of ejee.®  Method of collection
Criteria A R AV, E.E.
Volume (ml.) ok 287 2.8 ‘"
Sperm Cone.
(x 10° m1.) 247 287 625 293"
Sperm per Ejec.
(x 10%) 247 287 1693 1826
MotilityP? o7 287 2.2 o1
pH 196 287 6.7 ™

®one sample from each method was lost before analyses
vere completed; A.V., artificial vagina; and E.E. electro-
ejaculated samples.

bmmty is expressed as the rate of progressive
forward motion on a gradiant of O«h,

*Means differ significantly at the 0,01 level of
probability

**Means differ significently st the 0.001 level of
probability.
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collected by the same method there was not a statistically significant
difference in the mumber of sperm cbtained. During the second phase,

however, when the first ejaculate was obtained by electroejaculation

and the second by the artificial vagina, significantly less sperm

(P < 0.001) were obtained in the artificial vagina (table 2),

The initial fructose concentration was 3.3 and 5.5 mg. per ml.
in the semen collected by electroejaculation and in the artificial
vagina, respectively. The electroejaculated samples, hovever, cone
tained more total fructose (20.3 mg. compared to 15.4 mg.) and 2.1
mg. more fructose per billion sperm than did the samples obtained in
the artificial vagina.

In comparing the motility ratings of all stored semen, the
electroejaculated samples consistently had & higher motility rating
during the heday storage period; however, these differences were not
significant, At the beginning of storage, 9% and 68%, respectively,
of the electroejaculated and artificial wvagina samples were con-
sidered to be acceptable for storage to use in artificisl insemination
(1.e., rate and percent motility of at least 2 and 50, respectively).
At the end of & days storage, 55% of the electroejaculated and 18§ of
the artificial vagina collected samples still had a motility rating
acceptable for artificial insemination (table 3). This difference
was significant (P < 0.02).

The correlation coefficients between the various criteria
used to evaluate the semen in this study are shown in table k.
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TABLE IX

EFFECT OF COLLECTION METHOD SEQUENCE OF TOTAL NUMBER
OF SPERM PER EJACULATE

Wm

Sequence ejaculates spern (x 10°)°

First phase

1st ejaculate (A.V.) 91’ 1818

2nd ejaculate (A.V.) 8o 1593

1st ejaculate (B.E.) 96 1758

ond ejeculate (E.E.) 96 130k
Second phage

1st ejaculate (A.V.) "

2nd :Junhto (B.E.) h% :g’,}:

1st ejaculate (E.E.) 48

ond :aumu (A.v.) 3 g‘;’;‘

*Weighted means of all cbservations based upon the
number of observations for the artificial vagina method
of eollection for each bull.

bm sample of semen collected by each method was
lost before being evaluated,

°mmmmmu-pmtnmommmu
electroejaculation, had significantly less sperm (P < 0.001)
than the electroejaculated samples taken after an artificial
vagina collection.




TABLE III

MOTILITY RATINGS OF SAMPLES COLLECTED IN THE ARTIFICIAL VAGINA
: AND BY ELECTROEJACULATION THAT WERE STORED FOR A 4-DAY
PERIOD AT 5° C

M
____&_tgr_ggintuvd%n
o e wilAge wans e

Mean motility No. Ssmp. T9 T9 T9 96 96 96
rating for "
all samples Degree 25 2.0 1.9 2.8 2.3 1.9
stored b

Percent 52 W7 o 5% 9

scceptable Mo Samp. S kL L 90 Th 53
samples
(2-50) Degree 2.9 2.6 221 29 2, 23

Percent 6 61 60 61 61 64

‘m of progressive motility (0-h).

bmf. of motile sperm (0-100).

°!bb0mcp‘hbhcmhhdt’ohwndwor
progressive motility rating of at lease 2 and 50 percent or
more motile sperm.

ds1gniticantly (P < 0.02) more electroejaculated then
artificial vegina samples were still acceptable at the fourth
day of storage.




hmr

‘. -

wxON

10 z’

90° 90°

2-0 Rol ao.l

- e e

00" 90°- 60° il’"

e’ &~ ok é0*

ﬂ@o Mha 60° w0~ : §

*N L 2 N =

2. W 6t % =

29° ’ 12 10° 2L’

= o & % & =

of co % 06*- 2t~ 62 on T

*% - 3 .-, - L TP % as

tt@n ttwn t&dﬁ tﬁ.ﬂ #tna n.uh# ttﬂw ﬂoﬂa‘hubnl-ﬂsou

<y 2 lo* - ot* 2 oY 16° gg

4 #%% c wels " ! o e o, g

52 L T M -9 T -] 7 v

“Kep-y___Terqjul | esojonag 5 SWnTop T 91F90m  O[[30W  UOFyeay Uoues
3 -usouOy PeINTIRUA




CHAPTER V
DISCUSSION

Crombach et al (1956) reported that sperm concentration of
electroejaculated samples could be greatly increased by teasing. This
act of preparation, under normal conditions, removes considersble pre-
sperm fluid vwhich otherwise would be included in the semen. Since
sperm concentration would have been reduced by this pre-sperm fluid,
which might have been removed if teasing had been used, this fraction
wes discarded in this experiment.

Only two of the 12 bulls used in this study showed any indica-
tion of loss of libido following electroejaculation. These two bulls
failed only one time to give a second ejaculate when collected with
the artificial vagine during the first 8 weeks; however, during the
second phase no second ejaculates were collected in the artificial
vegina, With the exception of these two bulls there was no evidence
of a detrimental effect on any bull's libido within one hour after
being electroejaculated. Considering these facts and the consistency
with vhich the other bulls worked, this experiment confirms other
m.(m:ugg.z»;m&ﬂ)tﬂmnaommw
unfavorable associations with eleetrical stimulation,

The marked reduction in total sperm collected in the artificial
vagina samples, vhen preceded within an hour by electroejaculation,
suggests temporary impairment of e bull's ability to ejaculate
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naturally, The inhibiting effect is, however, of short durstion since
3 and b days after being electroejeculated each bull produced & normal
firet ejaculate in the artificial vagina.

Rate of sperm motility and percemt motile sperm in undiluted
mmﬁﬁﬂytnﬂumubyhmmnmmtunmm
only slightly influenced by semen volume. Rate of sperm motility and
Mﬂmwmmwmﬁmuthmhm,mm
are about equally correlated with the other measurements performed.
This indicates that cne measure of motility is sbout as valid as the
other, snd that one gives almost as good an indication of sample
quality as both.

Sinee the volume of semen cbtained by electroejaculation was
standsrdized to 6 ml. in this investigation, the variation in con-
centration was responsible for almost all of the variation in total
sperm (r = ,97). In samples collected in the artificial vagins,
however, the variation in total sperm was asbout equally a result of
the veriation in volume end concentration. These two factors
sentribute tudeptndently 46 $he Lncveass in Setal spern sines they
are negatively correlated with each other. The more concentrated
mmmtmﬂghmmmmotwmm,m
collected by either method, stored better on the average than
mmmtvmlﬁummtdcrmmhuw-m.

In the present study, semen from the artificial vagina had an
average of 5.50 mg. of fructose per ml., vhile the electroejaculated
semen contained an average of only 3.28 mg. per ml. The fructose con-
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centration in the electroejaculated samples agree with the data of
Freund and Murphree (1960) in which they reported a range of from
2,03 to 3.27 mg. of fructose per ml. of electroejaculated semen.

Lutwak-Mann and Rowson (1953) reported that fructose concen-
tration in the pre-sperm fluid varied from 0.02 to 0.37 mg. per ml.
and that it increased greatly in the sperm containing fraction (0.84
to 6,50 mg. per ml.); pl of the pre-sperm fluid veried from 7.8 to
8.0 as compared to 6.7 to 7.0 in the sperm containing fractions.
Hess et al. (1960) reported that after removing the seminal vesicles,
the mean semen fructose concentration of four bulls dropped from 2,56
to 0.10 mg. per ml, and the pH increased from 6.6 to 7.8. These data
indicate that the seminal vesicles secrete the major portion of the
fructose in bull semen. In the present investigation there wvas a
negative correlation between pH and fructose concentration in the
semen collected by both methods. These results and the results of
others (Lutwak-Mann end Rowson, 19533 Hess et al., 1960) indicate
that the high pH fluid comes from glands that do not secrete
fructose.

The high pH fluids secreted by the bulls in this study reduced
slightly the rate of sperm movement but did not affect the percent of
sperm that were motile. In the electroejaculated semen pH was nega-
tively correlated with all other measures of semen quality (tsble ).
These date support the findings of Hermen and Swanson (1941) end

Anderson (19%2) that a high pH adversely affects semen quality. This

is not true, however, when comparing the semen obtained by one method
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of collection with the semen collected by another method. Within each

method of collection the samples with the higher pH values were of
lower quality; but even though the electroejaculated samples had a
significantly higher pH (7.3 vs. 6.7), on the average they were not of
inferior quality as compared to the artificial vagina samples. This
is borne out by the fact thaet significantly more electroejaculated
samples bad an acceptable initial motility and meintained a higher
rate of motility (P < 0.02) through b days of storage (teble 3).



CHAPTER VI
SUMMARY

Electroejaculated semen is at least comparsble in quality to
semen collected in the artificial vagina, The volume of semen col-
lected in the artificial vagina is less and the concentration higher
than that obtained by electroejaculation; however, if a sufficient
volume of semen is obtained by the electroejaculation method, essen-
tially the same total number of sperm per ejaculate can be obtained
by each method,

Ssmples with a higher pH are usually of inferior quality,
wvhen compared to other samples collected by the same method, but
are not necessarily inferior to samples collected by a different
method. The mean pH (7.3) for the electroejeculated semen samples
was 0.6 of a unit higher than the samples collected in the artifi-
cial vegina but the electroejaculated samples maintained a higher
degree of motility during 4 days of storage than those collected in
the artificial vagina,

Since the electroejaculated samples had a higher pH and lower
fructose concentration, it is postulated that the larger volume of
fluid comes from the urethral glands with a slight inerease from
the seminal vesicles.

Semen was obtained more consistently by electroejaculation
technique and it is adapteble to nearly all bulls with no selection
on ability or desire to serve the artificial vagina.
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