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INTRODUCTION

The increasing use of radicactive isotopes and radiation in
industry, chemistry, biochemistry, biophysics, biology and medicine
has stimﬂntéd interest in the possible effects of radiation on the
_reproductive functions of both the male and female, It has been dem-
onstrated that whole-bedy X-irradiation of the male increases the ﬁmnberé
of abnormal sperm (Boche, 1946) and that either X-irradiation of the
scrotal region or whole=bedy X-=irradiation increases the pre-natal
mortality rate of the off-spring (Strandskov, 1932; Henson, 1942; and" °
Murphree et als, 1952), Likewise, it has been shown that X~irradia-.
tion of sperm in vitro increases the pre-natal mortality rate, al-
though no gross morphological changes were observed in sperm even at
levels of radiation which completely inhibited the ferti']:lzir'x'g capacity
(Kesin, 19kl and Amoroso and Parkes, 1947). | '

It would appear, therefore, that the reduction in the functiomal
capacity of sperm may occur before gross alteratiomns in mo:;phology are
observed, It is possible that these results may be due to distm'bance’s
in cellular function, It has long been recognized that the more common
nethods of evaluating semen, such as motility, percentage alive, survival
in storage, and morphology of sperm do not afford a completely satisfac-
tory method of predicting potential fertility of normal sperm, In
view of the fact that no goés changes in morpholegy or motility due te
radiation damage have been observed (Kesin, 194l and Amoroso and Parkes,
1947) it is apparent that a more sensitive test of radiation damage teo
spern is needed, This study was initiated as an effort to find such a-

t Qst.



The rate of oxygen consumption was chosen as a possible indi-
cation of radiation damage because it represents a more quantitative
measure than do the more subjective evaluations of sperm viability
previously listed, It was also considered that the sensitivity of
the manametric technique might allow observations of smaller differ-
ences between irradiated and non-irradiated semen specimens,

Radioactive phosphorus (P32)1 was chosen as the source of ra-
diation because it could be easily incorporated into the medium with-
out chemical damage to sperm while the oxygen consumption values were
being obtained, In additiom, P32 is readily available and has certain
desirable radiation characteristics, Its beta energy of 1,71 million
electron volts is strong enough to ensure uniform distribution of
ionizing collisions, but is not strong enough to permit the major por—
tion of beta particles to escape fram the one to two milliliter semen
samples used in this study, The confinement of radiation to the sample
is also desirable from the standpoint of reduced hazard to personnels
Radicactive phosphorus has a half-life of 1hj3 days which is leng
enough 8o that decay corrections do not have to be made on data col-

lected over a period of a few hours,

1 The term P32 will hereafter be used to indicate radioactive
phosphorus,



EXPERTMENTAL PROCEDURE

Source and Evaluation of Samen

Boar Semen, The semen used in this study was obtained from
two Hampshire boars and was collected in an artificial vagina, Com-
plete ejaculates were collected from Boar 31, while with one exceptiem,
incomplete ejaculates were collected from Boar ILPRe, These incomplete
ejaculates were partitioned collections in which only the intermediate
or highest-sperm=containing fraction was retained for subsequent study,
This procedure was followed in an effort to ebtain a comparisen of the
axygen consumption values of semen samples of widely different sperm
concentrations, Immediately fellowing collectien, the semen was
brought to the laboratory where the following observations were made:
volume, estimation of initial motility, and sperm concentration.

Volume was measured in a 250 milliliter graduated cylinder, Follow-

ing microscopic examination, an estimation of motility was recorded

on the basis of percentage of motile sperm and on the degree of motility
(with O indicating no motility and 5 maximum motility), Sperm counts
were made with a hemacytameter and expressed as numbers of sperm per
cubic millimeter of semen,

The semen characteristics are shown in Table I, The average
sperm concentration of incomplete ejaculates from Boar LPR was apprexi-
mately two and ene-half times the average concentration of camplete
ejaculates fram Boar 31, While the higher motility of semen from Boar
LPR may have been due largely to individual variation between boars, it

also may have been partially due to the almost unavoidable tendency to



TABLE I

BOAR SEMEN CHARACTERISTICS

Scurce Velume in Initial Concentration per
of Semen  Ejaculate  Milliliters Motility®  Cubic Millimster
Boar 31 A L 60%=340 202,500
B 230 80%=3.0 187,500
c 170 60%-340 120,000
D 2o 70%=340 165,000
E 230 60%=340 180,000
F 2Lo 70%=ke0 210,000
G 15 50%-340 220,000
H 260 - 60%=340 200,000
Average - 212 . 6blg-3.1 189,375
Boar LPR : § 270 ‘ 80%=),0 210,000
J 120 9081140 530,000
K - 70%-345 540,000
L 1ns 95%=540 130,000
M - 90%=}¢0 540,000
Average - - 85%=hel . 510,000°

2 The first figure represents the percentage of sperm showing
any movement and the second figure represents degree of motility.

b The volumes of Ejaculates Ay K, and M were inadvertently net
recorded,

€ Average of Ejaculates J, K, L, and M, since Ejaculate I was
a camplete ejaculate,



rate the motility ef a highly concentrated specimen higher than a

less concentrated sample when examnining semen microscepically. The
differences in the semen characteristics of the two boars are attri-
buted largely teo the fact that the intermediate fractions of ejaculates,
with the exception of Ejaculate I, were collected from Boar LPR,
McKenzie et ale. (1938) demonstrated that the intermediate fraction of
an ejaculate of boar semen has a higher sperm concentration than the
initial and terminal fractions. Winchester and McKenzies (1941) re-
ported that differences in concentration and motility ef semen from two
boars were not greater than day to day variations in the semen of
either animal,

On the basis of a rank cerrelation test (Smedecor, 1946) there
was no apparent association of initial motility or concentration and
subsequent oxygen consumption of the semen of either boar, even though
the initial motility and concentration of semen from Boar IPR were
consistently higher than the initial motility and concentration eof
semen from Boar 31, Since no significant difference between boars
was demonstrated in the oxygen consumptien of semen, the data were
pooled for presentation and discussion,

Bull semen, The bull semen used in this study was obtained
from two bulls at the University of Tennessee dairy bull stud at
Knoxville and from two bulls maintained by the UT-AEC Agricultural
Research Program at Oak Ridge, Semen from the bulls at Knaxville
was brought te Oak Ridge immediately follewing collection, In
addition te motility estimates and cencentration counts, percentage of
living sperm in the bull semen was determined using the eesin-fast



green FCF staining techniqus (Mayer et al,, 1947).

Bull semen characteristics are shown in Table IT, There was
considerable variation in the quality eof semen from the four bulls
which may be due largely to the individual variation that is lmown

to occur between bulls (Herman and Swanson, 1941).

Preparation ef Semesn Samples

Bear semen, Before sampling the sanen was stirred gently teo
ensure a uniform sperm concentration, Two milliliters of undiluted
semen was added teo each of a series of Warburg flasks with a pipette,
The number of replicates fer each ejaculate varied from two to eight.
Initially, it was planned to use only two replicates from each semen
sample, However, since it was noted early in the study that there
was considerable variatien between replicates, the maximum number of
replicates, as determined by either the volume of semen or the
capacity of the Warburg apparatus, were used in subsequent trials.

The different shipments of P32, as received in the laberatery,
were in solutions ef 0,03 te 0,05 normal hydrechleric acid, These
selutions were neutralized te pH 70 with sedium hydrexide prier te
additien to treated semen to prevent possible harmful effects of the
acid on the sperms, A micropipette was used to add P32 to semen sam-
pleses The amount of P32 vhich was added to replicates of the differ-
ent ejaculates was varied in order to give an estimation of the effect
of varying levels of radiation on oxygen cansumption of semen, The
quantities of P32 which were added to replicates from each ejaculate
are shewn in Table III. Aliquets of six different ejaculates frem



TABLE II

BULL SEMEN CHARACTERISTICS

Seinen Volume in Efﬁage Initiil 7 Concentration per

Animal Sample Milliliters Alive Metility* Cabic Millimster
Twe UT Bulls I 5,0° 88 80%=L140 1,420,000
Bull UT-01 2 L0 10 50%=340 390,000
UT Bull 3 5¢0 67 50%=240 2,000,000
Bull UT-00 N 248 81 70%=3,0 720,000
Two UT Bulls 5 5450 75 70%=L10 1,150,000
Average - L5 70 6hf=3¢2 1,136,000

2 The first figure represents the percentage of sperm showing any movement and the secend
figure represents degree of motility,

b Twe peoled ejaculates,



TABIE III

DOSE PER REPLICATE QF BQ%R SEMEN IN MILLICURIES

oF p32

Animal Ejaculate

Millicuries
of p32

Boar 31

m Q@ 25 B OO a w e

Bear LFR

2 o " o H

1,00
1,00
1,00
1,00
1,00
1450
2430
1,00

0,50

0625

025
0012

2 Ne P32 was added to samples fram Ejaculate K,



Boar 31 received 1,0 millicurie of P32 per replicate in 0,150 te

00200 milliliters of neutralized solution, while replicates fram twe
additional ejaculates from the same boar received 1,5 and 2,3 milli-
curies each in a similar volume, Semen samples fram two of the five
ejaculates from Boar LPR received 0,25 millicuries of p32 per repli=-
cate while samples from two additional ejaculates received 0,12 and
0650 millicuries per sample., No radioactive phosphorus was added te
samples from one other ejaculate, but the oxygen consumption of those
samples was included in the data on non-treated samples, Using metheds
described by Marinelli et ale (1948), it was calculated that each
sample of semen received appraximately 8,320 r per hour for each
millicurie of P32, 2 comparable velume of a contrel solution of
neutralized hydrochleric acid was added to each non=-treated semen
sample, In the later discussion, semen to which P32 was added will

be referred to as treated samples, while semen which received no radio-
activity will be referred to as non-treated, The data for non-treated
and treated semen for the first hour of measurement were obtained on
ninety replicates representing thirteen different ejaculates and
seventy-nine replicates representing twelve different ejaculates,
respectively, The number of replicates decreased slightly during

the later intervals (second to fifth hours, inclusive)., The failure
to obtain values fer replicates during the later intervals was due teo
technical difficulties in the operation of the Warburg apparatus,

Bull semen, The procsdure for treatment of bull semen was



10

essentially the same as fer bear semen except that the semen was di-
luted 1:1 with M/8 phesphate buffer at pH 6.9 prier te sampling and
1,0 milliliter aliquets ef diluted semen were taken fer measurement
of exygen consumptien, In twe cases, single ejaculates frem twe bulls
were poeled te ebtain sufficient volume of semen (Table II). In the
other three instances, a single ejaculate was used in each trial,
Replicates frem two semen samples received 0,1 millicurie of P32 while
replicates frem a third semen sample received 1,0 millicurie, The
data fer non-treated and treated semen for the first heur ef measure-
ment were ebtained on five replicates representing three different semen
samples and six replicates representing three different semen samples,
respectively,

Seminal fluid, Sperm=-free seminal fluid was ebtained by centri-

fuging whole semen at 2,000 repeme for ten minutes and then decanting

the fluid,

Manemetric Technique

The instrument used te measure oxygen censumptien was the
Amince~Lardy Retary Manemetric Apparatus equipped with Warburg man-
emesterse The general principles and precedures described by Umbreit
et ale (1945) were empleyed in the manometric determinatiems. Flask
censtants, needed te determine the ameunt ef gas censumed froem ebserved
pressure changes, were calculated frem a nemegram (Dixemn, 19.5). The
temperature of the water bath was adjusted te 37,5® + 0,02® Centigrade
by means ef a mercury thermeregulater., A shaking speed ef seventy

escillatiens per minute was used with a three centimeter amplitude of



1
oscillation, All manameter readings received thermobarameter correc-
tions, Two-tenths of a milliliter ef 20 per cent petassium hydrexide
was added to a coil of filter paper in the center well of the Warburg
flask to absorb carbon diexide given off by the semen preparation., To
prevent creeping of KOH into the sample, the top surface of the center
well was given a light coating of petroleum jelly.

Fellowing addition of the semen to the Warburg flasks and attach-
ment of the manometers to the water bath, a ten-minute shaking peried
was allewed, for the temperature of the preparatien to reach equilibrum,
before the manometer system was closed, During this peried all plugs
and connections were adjusted and tightened to ensure against leaks in
the system due to softening of the petroleum jelly used to seal the
connections, At the end of the equilibration peried, fluid in the
clesed side of the manometer was adjusted to the initial reading peint
(150 Millimeters) with the stepcock open to atmespheric pressure, The
system was then clesed and the initial reading taken,

The time between collection and the initial manameter reading
fer boar and bull semen was one to one and one~half hours and one and
ene-half to four hours, respectively. Ceonsequently, the axygen con-
sumption values for the first hour represent oxygen consumption for
the first hour of ebservation, QOxygen consumption was recorded at
thirty minute intervals, The analysis of variance, rank correlation
test and standard deviations of the data on boar semen were calcula-
ted according to the metheds of Snedecor (1946). The averages in the
data on boar semen are weighted averages, while the averages in the

data on bull semen are unweighted,



RESULTS AND DISCUSSION

Boar Semen

Oxygen censumption of boar semen., The average oxygen consumptien
of non-treated and treated semen during the first hour of measurement
was 201,5 and 187.4 microliters of oxygen per billion sperm, respective-
ly (Table IV and Figure 1), The results for the individual hourly inter-
vals (first te fifth hours, inclusive) are included in Tables XIIT
through XXII in the Appendix, The differences in the oxygen consumptien
between non-treated and treated semen are net statistically significant
(Table XXIII), These results are in agreement with the work of Kesin
(19Lk) whe ebserved that irradiatien eof cock sperm in vitre with 10,000 r
frem an X-ray source did not affect the rate of axygen consumption,

While there was considerable variation in the oxygen consumptien of
replicates from a given ejaculate, this variation was small in cemparisen
to the differences in exygen consumption between ejaculates from a given
bear (Tables XIII threugh XXII). Within the levels of radiatien adminis-
tered in this study, there was no appreciable effect upen the rate of
exygen consumptien of the irradiated sperm,

As previously stated, the average oxygen censumption of non-
treated semen during the first hour of measurement was 201,5 micreliters
of exygen per billion sperm, with a range of 84.6 to 295.8. Since semen
samples of two milliliters were used in this experiment, the oxygen con-
sumptien per sample was recalculated (Table V) fer the purpese of cemparisen
with the results of Winchester and McKenzie (1941). These werkers reported

fifteen observations on what appears to be nine ejaculates, Their values



TABIE IV

AVERAGE OXYGEN CONSUMPTION OF BQAR SEMEN

Animal Ejaculate Replicates

Number of

Bear 31

Average

Boar LFR

Average

Average
(Both
Boars)

A

2 o 4 ® U o w

2 BN B &~ H

pe e S et
13745 (182¢3) 11549 (15569) 5269 (Te2) 9246 (1748) 6he3 (1945)
237¢1 (22766) 89¢7 (82e7) 20e1 (24e5) 3140 (968) 2946 (21.9)
105.h (15.5) 3he9 (59.2) 2761 (328) P (-) - (=)

129,1 (87.1)
28lLels (23648)
14049 (13646)
194e8 (175.6)
214065 (23361)

1916 (17247)

168,7 (15947)
23060 (212.9)
15kels
25346 (242.8)

21649 (23607) ,

21249 (211ek)

201,5 (187¢k)

(=)® 81,6

She2 (3647)
25L4e3 (17Lels)

75¢5 (7’402)
87.7 (8061)

6066 (=204eT) 146 (17.5)

16l66 (13105)
6hels (60'7)

91,7 (6540)

29.7 (3342)
ko3 (15246)
(=)
122,6 (12042)
139.5 (1l3.1)

10503 (m02)

9840 (8242)

6069 (3841)
=li0eLs (=1140)

3540 (32,0)

=226 (=2140)
8247 (L3Le9)
We3 (=)
27¢9 (29.3)
2947 (1345)

2645 (L6e9)

31.1 (37.7)

53.0 (L646)
10kek  (5643)
2742 (5047)
11,7 (41.8)
=2940 (=2lse9)

I1s0 (31.7)

Ube5 (=6143)
(9048)
(=)
(=he9)
(7e1)

20,5
1.2
a6
Tels

he2  (845)

23,0 (224k)

176 (1648)
80e1 (3647)
A L
6e6  (=60T)
=18,1 (~15.5)

2he?  (946)
<4747 (=2746)
8e3 (L3e6)
- =)
=S¢t (=Belt)
=860 (=847)
"'12.9 (003)
6eli  (Seb)

& The first figures are the values fer non-treated semen, while the figures in parentheses are
the values for treated semen,

b The failure te obtain values during the later intervals was due to technical difficulties in
the operation of the Warburg apparatus,

C There were seven replicates ef non=treated semen and eight replicates of treated semen from

Ejaculate D,

d A minus sign indicates the evelution of an unlmown gas or gases, other than carben diexide,
instead of consumptien of oxygen,

® No P32 was added to replicates from Ejaculate K.

£ There were ten replicates of non-=treated semen and six replicates of treated semen from

Ejaculate M,
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TAEIE V

OGXYGEN CONSUMPTION (PER SAMPLE) OF NON=~TREATED BOAR SEMEN
DURING THE FIRST HOUR OF MEASUREMENT

~Micreliters eI OxXygen per Tve
___Milliliters of Semen
Number of Range Standard
Animal Ejaculate Replicates Low High Mean Deviation

Boar 31 A 2 1&303 5507 ,-l»905 808
B 3 7946 83,0 8069 1.9

c N 18,5 28s1 2340 540

D 7 3khe7 Lhbe7 10e9 3¢9

E 8 901 96e8 9361 2.4

F 8 5740 66,3 60,1 248

G 8 61,6 7664 6846 Le9

H 8 T0e7 90,0 770 660

A1l L8 18.5 96¢8  6lie8 21,1

Bear LR I 8 61,0 6742 6Le8 1.9
J 8 183e3 1997 19Le8 5e¢6

K 8 20643 21642 209,9 36

L 8 18640 199.0 193.L he2

M 10 212,8 25he8 23047 okt
A1l 2 183,3%  25L.8% 208,6%  17.9%

Beth Boars A1l 90 18.5 25he8 119.1 7246

& gjaculate I, which was a cemplete ejaculate, was net included
in the calculation of these results,
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covered a range of 30,5 to 1lili,3 microliters of oxygen per milliliter
of semen per hour, In this study, the average oxygen consumption of
semen from Boar 31 was 32,4 microliters of oxygen per milliliter of
semen during the first hour ef measurement with a range of 9,3 te L8ele
The average oxygen consumption ef the more concentrated samples of in=-
caumplete ejaculates frem Boar LPR was 104,3 micreliters ef exygen per
milliliter of semen during the first hour of measurement, with a range
of 91,7 te 127,4e The average oxygen consumptien per milliliter ef
semen from Bear 31, which was 32.,l, is appreximately the same as the
lewest value reported by Winchester and McKenzie, while the lowest
value for semen frem this boar, which was 9.3, is only sppreximately
ene~-third ef the lowest value repoerted by those workers, The highest
value recorded for exygen censumptien per milliliter of semen frem
Boar LPR was 127.4 which is lewer than the highest value reperted by
Winchester and McKenzie,

Oxygen consumptien of boar seminal fluid, The average oxygen

consumption ef seminal fluid during the first heur of measurement was

0,04 microliters of axygen per milliliter of seminal fluid (Table VI).
Seminal fluid frem enly two ejaculates censumed exygen, whereas, the

seminal fluid frem three additional ejaculates evelved a small amount
of an unknown gas or gases, other than carbon diexide, instead of con-
suming exygen, The oxygen censumptien of bear seminal fluid observed
in this study is not in agreement with the findings of Winchester and
McKenzie (1941) that bear seminal fluid consumed exygen in amounts ef

5 te 22 per cent of that ef whole semen, In view of the lew level eof
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TABIE VI

OXYGEN CONSUMPTION OF BOAR SEMINAL FLUID DURING THE
FIRST HOUR (F MEASUREMENT

Microliters of Qxygen per
Twe Milliliters
Number of Range Standard
Animal Ejaculate®* Replicates Lew High Mean Deviatien

Bear 31 - L <766 =347 BT 19
- 1 s R -
- 1 = = =641 -
A N 12 16,0 5¢9 Te3
B 3 <l 6s7 35 L7
c b =243 L.l 0.6 1.7

Al 17 ~Te6 1640 0408 L8

2 The data on the first three ejaculates listed in this Table
were obtained during preliminary werk, hence these ejaculates are not
identified by a letter,

b A minus sign indicates the evelution of an unknown gas or
gases, other than carbon diexide, instead of consumption of exygen,
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axygen consumptien of seminal fluid observed in this study, no cerrectiens
fer seminal fluid were taken inte consideration when the oxygen con-
sumption of whele semen was calculated,

Survival eof boar sperm during incubation, Motility estimates at

hourly intervals showed a gradual decline in motility during incubatien
of semen samples in the Warburg apparatus (Table VII). However, the
rate of oxygen consumption (Figure 1) decreased mere rapidly than did
metility,

Bull Semen

Oxygen consumption ef bull semen, The average oxygen censumptien

of non-treated and treated semen during the first hour of measurement
Wwas 956 and 86,1 micreliters of oxygen per billion sperm, respectively
(Table VIII). The average oxygen censumption per hourly interval is
shown in Table IX, The differences between non-treated and treated semen
are net significant (Dean and Dixen, 1951). These results are in agree-
ment with the work of Kesin (19LkL).

The average oxygen censumption ef twelve replicates of non-treated
bull semen representing five semen samples was 79,4 microliters of oxygen
per billien sperm, with a range of 29,4 to 172,1, during the first hour
of measuremsnt (Table VIII), Hewever, the rate of axygen censumption
for semen samples from three of the four bulls used in this study ranged
from 29,4 te 876 microliters of exygen per billion sperm during the first
hour of measurements Ely et al, (1942) reperted that semen frem ten
dairy bulls censumed exygen within a range of 26,7 to 308,6 microliters

of oxygen per billien sperm fer ocne hour, They stated that wide variatiems



TABIE VII

MOTILITY OF NON=TREATED BOAR SPERM FOLLOWING
INCUBATION AT 37.5® CENTIGRADE

Metility at Heurly Tntervalsb

Animal Ejaculate® Initial 1 2 3 L 5
Bear 31 - 80%=3 - 60%=3 = - -
- 80%-h -  60%=3  LO%-2 5%-1 0%-0
A 60%-3 60%-3 60%=3 50%-3  50%-2 LO%-2
B 80%-3 80%-3 50%-2 50%-2  LO%=2 30%-2
c 60%=3  50%-2 - - e -
D 70%=3 - 6023 - - -

& The data on the first two ejaculates listed in this Table
were obtained during preliminary werk, hence these ejaculates are net
identified by a letter.

b The reason that motility was not recorded in every instance is
that it was net desirables to interrupt the oscillation of the samples
in the Warburg apparatus,



TABIE VIII

CXYGEN CONSUMPTION (F BULL SEMEN DURING THE FIRST HOUR OF MEASUREMENT

Micreliters ef Oxygen per Billien Sperm®

Semen Number of Range
Animal Sample Replicates Low High Mean Deviatien
Two UT Bulls 1P L Re2 (=) Tl (=) he9 (=) 2 (=)
Bull UT=01 2 3 33.4 (=) 398 (=) 37 (=) 38 (=)
UT Bull 3 2 29.4  (2842) 31,0 (3066) 3062 (29ek) Lk (241)
Bull UT=00 N 14 172,1 (14769) 1721 (157.9)  172.1 (152.9) o (849)
Twe UT Bulls gb 2 81le2 (7Le8) 8746 (8040) Bleli (7549) 507  (743)

-® S 29 (2862) 17241 (157.9) 9546 (8641) Tl  (624L)
af 12 29 172.1 794k 5669

& The first figures are the values for nen-treated semsn, while the figures in parentheses are
the values for treated semen,

b 1we peeled ejaculates,
C No P32 was added to replicates from Semen Samples 1 and 2,

d There was one sample of non=treated semen and twe replicates of treated semen from Semen
Sample L,

® These data are for Semen Samples 3, L and 5 enly.

f These data are for all Semen Samples,



TABLE IX

AVERAGE OXYGEN CONSUMPTION (F BULL SEMEN

Semen Number of

Micreliters ef Oxygen per Billien Sperm per Heurly Interval®

Animal Sample Replicates 0= l-2 2=3 3 =1 L =5
Twe UT Buls 1P L Me9 (=)° 58,7 (=) A (=) - (=) - (=)
Bull UT-01 2 3 357 (=) b5 (=) 3262 (=) 339 (=) - (=)
UT Bull 3 2 3062 (290,4) Llie5 (3703) 5846 (3708) - ( b ) @ ( - )
Bull UT=00 L 1° 172,1 (152.9) 86¢5 (6L40) 36el (51eks) 29,1 (2840) 2545 (19.3)
Twe UT Bulls 5P 2 8lLeli (759) 506k (7240)  L2ek (3145) 31e2 (2046) - (=)
Averagef - - 9506 (8601) 6005 (57.7) ,4508 (hooz) 3062 (2h03) 2505 (1903)
Average€ - - 796l 5649 37.0 3Lk 2545

& The first figuwres are the values for non-treated semen, while the figures in parentheses are the

values for treated semen,

b Tve poeled ejaculates,

€ Ne P32 was added to replicates from Semsn Samples 1 and 2,

d The failure to obtain values fer replicates during the later intervals was due te technical difficulties

in the operation of the Warburg apparatus,

® There was one sample ef non-treated semen and twe replicates of treated semen from Semen Sample L,

f Average of Semen Samples 3, L and 5 enly.

€ Average based on all Semen Samples,
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occurred in the oxygen consumption of semen frem different ejaculates
of the same bull and are similar te variatiens eccurring in ether
characteristics of different ejaculates fram a given bull, That there
are wide variations in the oxygen consumption of semen from different
bulls is demonstrated by the work of Ghosh et al, (1949). They cbserved
that in sixty-five semen samples frem eight dairy bulls, the great
majority showed oxygen censumption values between 3 and 10 microliters
of oxygen per hundred million sperm per hour, while the highest value
recorded was 12,5, They state that they believe those oxygen consumptien
values to be low fer seame unknown reason since semen frem bulls at
another breeding station during the same time had oxygen consumptien
values of 17 te 25 micreoliters ef axygen per hundred million sperm.

The bulls in questien alse showed a ™ormal" rate of axygen consumptien
a year previously. Lardy and Phillips (1943) ebserved that the exygen
consumption of nineteen samples of bull semen varied fream 16,1 te 298
micreliters of exygen per hundred millien sperms Since Lardy and
Phillips (1941) found that the rate of oxygen censumption remains
censtant for sperm cencentrations ef one hundred millien te one
‘billien sperm, it is felt that results calculated on a basis of either
one hundred millien or one billion sperm can be used in cemparisens
when results calculated on a basis of one hundred million sperm are
multiplied by a facter of ten,

The minimm rate of axygen consumptien of bull semen in this
study is within the range reperted by Ely et al, (19L42), but the

maximm value recorded in this study does net appreach the highest value
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reperted by Ely and his ce-werkers, The average axygen censumption of
semen in this study is below what Ghosh et al,(19L9) believed to be
"nermal®, but it is within the ranges which they repert for two differ-
ent groups of bulls, The highest value for exygen censumptien of bull
semen in this study is appreximately the same as the lowest value reperted
by Lardy and Phillips (1943)e In view of the wide variation reperted in
oxygen consumption ef semen from different bulls, the comparatively lewer
rates of oxygen censumption of bull semen in this study are prebably
characteristic of the bulls from which the semen was cellected,

Oxygen consumptien of bull seminal fluid, The rate of oxygen

censumptien of bull seminal fluid is shewn in Table X, Seminal fluid
frem enly one semen sample consumed exygen, whereas, eleven replicates
frem four semen samples evolved an average of 19,k micreliters of an
unknown gas er gases per milliliter ef seminal fluid during the first
hour of measurement, The absence of oxygen consumptien eof seminal fluid
in four instances in this study is not in agreement with results reperted
by Ely et ale (1942)e They feund that seminal fluid consumed exygen at
rates varying frem 3,3 to 24,0 per cent of nermal semen,

Since seminal fluid in this study was demonstrated to evelve
appreciable quantities of an umknown gas or gases, exygen consumptien
ef bull semen was corrected by adding the quantity of gas evolved by
seminal fluid to the oxygen consumptien of semen,

Survival of bull sperm during incubatien, Metility of nen=treated

bull sperm did net decrease appreciably during the first hour of incubation

in the Warburg apparatus (Table XI), Percentage of living sperm (nen-



TABLIE X

GXKYGEN CONSUMPTION OF BULL SEMINAL FLUID DURING THE FIRST HOUR OF MEASUREMENT®

S el B gﬁ;]ima FMQn per Mill{liter

Animal Sample Replicates Iew High Mean Deviatien
Twe UT Bulls 2 “12,9°  =1Le9 =13,9 1.8
Bull UT-01 2 3 =1746 ~18,6 -18,3 046
UT Bull 3 ks =17,0 =21.3 «10,8 2.1
Bull UT-00 l 2 =1746 =197 =18,7 1,9
Two UT Bulls i 2 10,6 Ul 12,5 3ab
Al 13 =1746 sels =948 12,9
-4 1 <1766  =1Le9 =15.4 348

2 Bull seminal fluid samples were diluted 1:1 with M/8 phesphate buffer,
b Two pooled ejaculates,

C A minus sign indicates the evolutien of an unknown gas or gases, other than carbon
diexide, instead of consumption of exygen,

d These data are for Semen Samples 1, 2, 3, and L only.



TABLE XI

MOTILITY OF NON~TREATED BULL SPERM FOLLOWING INCUBATION AT 37.5® CENTIGRADE

Seman Metility at Hourly Intervals®
Animal Supls  Tal®lal T 2 3 L 5
Two UT Bulls L 80%=L 80%-L - - 60%-3 10% =2
Bull UT-01 2 50%-3 Log=2 - 5%-1 0%-0 -
UT Bull 3 50%=2 50%-2 - 30%-2 - -
Bull UT=00 L T0%-3 - = - = =
Two UT Bulls b T0%-L, - - - - -

@ The reason that metility was net recorded in every instance is that it was not desirable
to interrupt the oscillation of the samples in the Warburg apparatus,

b Twe peoled ejaculates,



treated) at heurly intervals are shown in Table XII,



TABLE XII

PERCENTAGE OF LIVING BULL SPERM (NON-TREATED) FOLLOWING INCUBATION AT 37.5® CENTIGRADE

~ Semen Parcentage Alive at Hourly Intervals®
Animal Sampls Initial T 2 5] 'y i
Two UT Bulls 1° 88 88 o i 89 73
Bull UT=-01 2 Lo 33 - 39 30 33
UT Bull 3 67 67 - 53 55 L6
Bull UT-00 N 81 - 67 63 sl 56
Two UT Bulls sP 75 - - - = -

@ The reason that percentage alive was not recorded in every instance is that it was net
desirable to interrupt the oscillatien of the samples in the Warburg apparatus,

b 1o pecled ejaculatese

L2
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SUMMARY

Under the conditions of this study, the levels of radiation used
did not significantly alter the oxygen consumptien of boar and bull sperm,

The average oucjgen consumptien of ninety replicates of non-treated
bear semen representing thirteen different ejaculates from twe boars was
201,5 microliters of oxygen per billion sperm during the first hour of
measuremsnt, with a range of 84,6 to 295.8, The average oxygen con-
sumption of seventy-nine replicates of treated bear semen representing
twelve different ejaculates from the same two bears was 187.L4 micro-
liters of axygen per billien sperm during the first hour of measurement,
with a range of 7042 to 26lLe6e

The average oxygen consumption of seventeen replicates of boar
seminal fluid representing six different ejaculates was 0,04 micro-
liters of exygen per milliliter of seminal fluid during the first hour
of measuremsnt, Seminal fluid from only three of the ejaculates consumed
oxygen, while the seminal fluid fram the other three gjaculates evelved
an uwnknown gas or gases, other than carbon diexide, instead of consuming
axygene

The average oxygen consumption of twelve replicates of non-treated
bull semen representing five different semen samples fram four bulls was
794 microliters of exygen per billien sperm during the first hour of
measurement, with a range of 29,4 te 172,1e The average oxygen consumptien
of five replicates of non=treated bull semen representing three different
semen samples from three bulls was 95,6 microliters of oxygen per billien

sperm during the first hour of measurement, with a range of 29,4 te 172.,1.
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The average oxygen consumption of six replicates of treated bull semen
representing the same three semen samples from the same three bulls was
8601 microliters of oxygen per billion sperm during the first hour of
measurement, with a range of 28,2 to 157.9.

Bull seminal fluid from only one out of five semen samples con-
suned oxygen, while eleven replicates representing four semen samples
evolved an average of 15,4 microliters of an unknewn gas or gases, eother
than carbon diexide, per milliliter of seminal fluid during the first

hour of measurement,
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TABIE XIIT

QXYGEN CONSUMPTION (F NON~TREATED BCAR SEMEN DURING THE FIRST HOUR OF MEASUREMENT

Micreliters of Oxygem per Billian Sperm

Number of Range Standard

Animal Ejaculate Replicates Low High Mean Dev.h_ttian
Bear 31 A 2 12043 15ke7 13745 3046
B 3 23344 24343 237.1 5.8
c b Ble6  128,6 1054 21.6
D 7 10946 1746 129.1 1h,1
E 8 27542 29548 28Leks Te2
F 8 13346 155l 10,9 Te6
G 8 17Le9 21649 194,8 a7
H 8 22049 28143 24045 21,1
Al L8 8lie6 29548 191,6 6248

ne



OXYGEN CONSUMPTION OF NON-TREATED BOAR SEMEN DURING THE FIRST HOUR OF MEASUREMENT (Continued)

TABIE XIII

_Microliters of Oxygen per Billien Sperm

Number of Range
Animal Ejaculate Replicates Low High Mean Deviatien
Bear IFR I 8 15807 17500 16807 507
J 8 21643 23546 23040 648
K 8 191.1 200¢2 194k 3e2
L 8 24347 260,6 25346 5¢9
M 10 20040 23945 21649 1340
Al 42 15847 26046 21249 2949
Both Boars Al 90 8lis6 295,8 201,5 51,1
R




TABIE IIV

@YGEN CONSUMPTION OF TREATED BOAR SEMEN DURING THE FIRST HOUR OF MEASUREMENT

Microliters of Oxygen per Billien Sperm

Number of Range
Animal Ejaculabe Replicates Low High Mean Deviatien
Boar 31 A 2 161l 20342 18243 3742
B 3 21945 23748 22746 10,8
c L 9lie3 13k.1 115.5 1945
D 8 7062  100,1 8741 1045
E 8 173s5  26Le6 236,8 319
F 8 126,2  1h3eh 13646 640
G 8 165.0  185.1 17546 Te0
H 8 22,1 2h9eks 233.1 .1
AL L9 7042 26Le6 17247 59l




TABIE XIV

CXYGEN CONSUMPTION COF TREATED BOAR SEMEN DURING THE FIRST HOUR OF MEASUREMENT (Centinued)

Microliters of Oxygen per Rillien ng

Number of “Range

Animal Ejaculate Replicates Iow High Mean Deviatien

Boar IPR ik 8 15243 16642 15997 Le9

J 8 205¢5 218,1 212,9 Lok

K - - - - =

L 8 22842 2liBeLs 2248 Tel

M 6 23069 2lS.L 23607 5e8

A1l 30 15243 2li8eL 2114k 3Le2

Both Boars A 79 7042 26li66 187.L 5440
o




TABLE XV

OXYGEN CONSUMPTION OF NON-~TREATED BOAR SEMEN DURING THE SECOND HOUR (F MEASUREMENT

l%go]iters of Oxygen per Billien

SherT

Number of ge
Animal Ejaculate Replicates Iow High Mean Deviation
Boar 31 A 2 1073 12k.5 15,9 12,2
B 3 8548 9340 8947 Sel
c L 56 52,0 3he9 2743
D 7 L5el 6147 She2 601
E 8 24042 26642 25Le3 10,9
F 8 =79¢2  =lbdS =046 1.2
G 8 WBe8 17543 16Li46 els
H 8 L9l 97e5 6lels 1647
A L8 =79¢2 26642 91e7 1013

13



TABIE XV

(GXYGEN CONSUMPTION CF NON-TREATED BQAR SEMEN DURING THE SECOND HOUR OF MEASUREMENT (Continued)

Microliters of Oxygen per Billl

= stiterd

Number of Range
Animal Ejaculate Replicates Low High Mean Deviatien
Boar LPR I 8 203 lLha 29.7 745
J 8 12598 ]5193 :udlg3 8 95
K 8 6549 9ke0 81.6 10,1
L 8 103_09 13,-&._1 122 96 1095
M 10 125,9 14960 13945 845
All L2 203 151.3 1053 hlie0
Both Bears All 90 "79.2 2660 2 98 o0 7903

& A minus sign indicates the evolution of a gas or gases rather than consumptien

of axygen.

33



TABLE XVI

OXYGEN CONSUMPTION OF TREATED BOAR SEMEN DURING THE SECOND HOUR OF MEASUREMENT

Microliters of Oxygen per Billion

Taie

Number of Range
Animal Ejaculate Replicates Low High Mean Deviation
Boar 31 A 2 150.6 161.1 155.9 745
B 3 6le3 110.0 82.7 2.1
c L 5545 6Ll 59.2 3.7
D 8 294 L5.8 36.7 6.7
E 8 86.7 201.3 1744 L2.5
F 8 -112.48 -91.6 -104.7 7¢3
G 8 124.6 143.2 131.5 6.9
H 8 Lyo3 7546 60.7 11.h
Al L9 -112.4 201.3 65.0 91.L




TABLE XVI

OXYGEN CONSUMPTION OF TREATED BOAR  SEMEN DURING THE SECOND HOUR OF MEASUREMENT (Continued)

Microliters of Oxygen per Billion Sperm

Number of Range Standard
Animal ' Ejaculste Replicates Low High Mean Deviation
Boar LPR I 8 13 o)-l h,-l 05 33 o2 9.8
J 8 1hh.2 159.7 152.6 5.5
K = = v - =
L 8 110.6 12)4.1 120.2 h.7
M 6 132.7 157.2 3.1 9.3
All 30 13.4 159.7 110.2 L9l
Both Boars Al 79 -112.4 201.3 82.2 80.9

a A minus sign indicates the evolution of a gas or gases rather than consumption
of oxygen.



TABLE XVII

OXYGEN CONSUMPTION OF NON-TREATED BOAR SEMEN DURING THE THIRD HOUR OF MEASUREMENT

Microliters of Oxygen per Billion

8
—Standard

Number of Range

Animal Ejaculate Replicates Low High Mean Deviation

Boar 31 A 2 50.5 55.3 52.9 3k
B 3 10.7 . 325 20.1 11.2
0 h 17.3 N, 27.1 12.7
D 7 69.3 82.8 7545 5.3
E 8 59.7 151.1 87.7 28.0
F 8 -9.2% 8.1 1.6 5.6
G 8 40.9 71.6 60.9 946
H 8 -5k.3 -18.8 -4o.L 12,0
A1l L8 -54.3 151.1 35.0 L6.9

en



TABLE XVII

OXYGEN CONSUMPTION OF NON-TREATED BOAR SEMEN DURING THE THIRD HOUR OF MEASUREMENT (Contimued)

Microliters of Oxygen per Billionngporn
tandard

Number of “Range
Animal Ejaculate Replicates Low High Mean Deviation
Boa.r LPR I 8 -25 02 -19 .l -22 .6 2 ol
J 8 62.9 109.8 82.7 15.6
K 8 9.0 18.1 1.3 3.9
L 8 13.6 36.2 27.9 745
M 10 19.7 38.6 29.7 6.7
A1l L2 -25.2 109.8 26.5 3Lk
A1l 90 Sh3 1511 31.1 1.5

2 A mimus sign indicates the evolution of a gas or gases rather than consumption
of oxygen.



TABLE XVIII

OXYGEN CONSUMPTION OF TREATED BOAR SEMEN DURING THE THIRD HOUR OF MEASUREMENT

Microliters of Oxygen per Billion Sperm

Number of Range Standard
Animal Ejaculate Replicates Low High Mean Deviation
Boar 31 A 2 0.0 1.3 Te2 10.1
B 3 4.8 30.3 2ly.5 8.5
c N 22.2 37.5 32.5 649
D 8 69.3 776 T2 3.0
E 8 16.3 115.6 80.1 41.8
F 8 11.8 2.2 17.5 L.8
G 8 20.8 L8.1 38.1 9.8
H 8 -6li.52 -26.7 -41.0 134k
Al L9 -6l4..5 115.6 32.0 Ll




TABLE XVIII

OXYGEN CONSUMPTION OF TREATED BOAR SEMEN DURING THE THIRD HOUR OF MEASUREMENT (Continued)

Microliters of Oxygen per Billion Sperm

Number of Range Standard
Animal Ejaculate Replicates Low High Mean Deviation
Boar LPR I 8 -37 08 -lO oh "21 .0 8 05
J 8 122.9 5.1 13L.9 7.9
K - - - - -
L 8 2ils5 37.1 29.3 Sels
M 6 37-1]. 5201 11305 503
Al 30 -37.8 5.1 L6.9 59.5
Beth Boars m 79 -6,405 llls ol 37 07 5006

@ A minus sign indicates the evolution of a gas or gases rather than consumption
of oxygen.



TABIE XIX

XYGEN CONSUMPTION (F NON-TREATED BOAR SEMEN DURING THE FOURTH HOUR GF MEASUREMENT

Micreliters of Oxygen per Billi

=

Number of TRange
Animal _Ejaculate Replicates 1w High Mean Deviatien
Boar 31 A 2 9048 9lie3 9246 1.7
B 3 1043 1649 31.0 18,8
c - o - - -
D 7 3he? 9043 5340 197
E 8 3847 15346 0Ll 32,8
F 8 21.3 3240 27e2 36
G 8 223 51e1 W1e7 9e5
H 8 «3606% =227 =2940 5¢3
AL Lk =3646 153.6 110 16,0

M



TABLIE XIX

QXYGEN CONSUMPTIGN OF NON=TREATED BOAR SEMEN DURING THE FOURTH HOUR OF MEASUREMENT (Continued)

Microliters of Oxygen per Billien Sperm
Number of Range %m—

Animal Ejaculate Replicates Lew High Mean Deviation
Boar LPR I 8 -51s2  =ll.9 =l6e5 3¢5
J 8 8e6 L7.9 2045 12,0
K 8 L2 24l 142 1.3
L 8 '5g2 ‘393 "496 0,6
M 10 2.1 9.1 Tols 240
All L2 =512 L4749 Le2 19,1
Both Boars Al 86 | 5le?2 153,6 2340 10,8

2 ) minus sign indicates the evolution of a gas or gases rather than consumptien
of exygen.

A



TABLE XX

OXYGEN CONSUMPTION OF TREATED BOAR SEMEN DURING THE FOURTH HOUR OF MEASUREMENT

Microliters of Oxygen per Billion Sperm

Number of Range Standard

Animal Ejaculate Replicates Low High Mean ‘ Dovia'xt.ion
Boar 31 A 2 14.0 21.5 17.8 5.3

B 3 7.6 s e | 9.8 1.9

c - - - 2 =

D 8 36.7 55k U646 6.1

E 8 -L3.42 112.8 5643 61.0

F 8 42,5 59.1 50.7 L.7

G 8 2846 87.3 1.8 19.1

H 8 37 15.8 ~20,.9 74

a L5 <L3.k 112.8 31.7 39.1




TABLE XX

OXYGEN CONSUMPTION OF TREATED BOAR SEMEN DURING THE FOURTH HOUR OF MEASUREMENT (Continued)

Microliters of Oxygen per Billien Sperm

Number of Range Standard
Animal Ejaculate Replicates Low High Mean Deviation
Boar LPR I 8 =79.7 =41.0 -61.3 12.8
J 8 79.8 103.5 90.8 8.6
K = — - - -
L 8 "605 -1-7 -1109 1-7
M 6 6.6 12.5 Tel 2.2
Al 30 =79.7 103.5 845 51.5
Beth Bears A1l 75 =79.7 112.8 224l L8.3

& A minus sign indicates the evolution of a gas or gases rather than consumption
of oxygen.

|



TABIE IXXI

XYGEN CONSUMPTION OF NQN~TREATED BQAR SEMEN DURING THE FIFTH HOUR (F HEASUREMENT

_Microliters of Oxygen per Billiem Sperm

Number of Range Standard
Animal Ejaculate Replicates Low Hi@ Msan Deviatien
Boar 31 A 2 53.8 The8 6Lie3 1.9
B 3 25.1 3641 29.6 548
o - - ” - ..
D 7 Teb 3640 17.6 1245
E 8 6lLel 95els 8041 12,
F - - ™ -~ -
G 8 =Teli® 2045 646 10,2
H 8 =2249 =1242 ~18,1 3els
ALl 36 ~2249 95¢L 2o 7 369




TABIE XXI

GXYGEN CONSUMPTION C(F NON=-TREATED BOAR SEMEN DURING THE FIFTH HOUR OF MEASUREMENT (Centinued)

_Micreliters of Oxygen per Billiam %e:m

Number of Range
Animal Ejaculate Replicates Iow High Mean Deviatien
Boar LPR I 8 "53,1 "',4196 =47¢7 | LeO
J 8 Leb 10,8 843 1.8
K o = - = ™
L 8 ‘608 -th '59’4 0_09
M 10 "uo9 ‘5.'4 -8.0 20'4
m 3’4 6301 10.8 -1209 2007
Both Boars Al 70 =531 95els 6elt 35.6

& A minus sign indicates the evolution of a gas or gases rather than consumptien
. of axygene

TS



OXYGEN CONSUMPTION OF TREATED BOAR SEMEN DURING THE FIFTH HOUR OF MEASUREMENT

TABLE XXII

Microliters of Oxygen per Billion Sperm

Number of Range tandard
Animal Ejaculate Replicates Low High Mean Deviation
Boar 31 A 2 17.9 21.0 19.5 2.2
B 3 11.1 31.9 21.9 10.4
c k - . - -
D 8 8.0 27.9 16.8 7.2
E 8 <4.12 67.7 36.7 32.3
F - s - - | a
G 8 -11.0 7.0 =6.7 6.1
H 8 -23.6 -7.6 -15.5 5.8
A 37 -23.6 67.7 9.6 25.0

2s



TABLE XXII

OXYGEN CONSUMPTION OF TREATED BOAR SEMEN DURING THE FIFTH HOUR OF MEASUREMENT (Contimued)

Microliters of Oxygen per Billion Sperm

Number of Range Standard
Animal Ejaculate Replicates Low High Mean Deviation
Boar LPR I 8 -33.6 =2l.2 ~2746 3.3
J 8 L0.0 L6l L3.6 2.4
K ! - - - L
L 8 -909 -6.3 -8 nh 100
M 6 -10.4 6.1 8.7 1.5
A.ll 30 _33 06 hé lh 0 .3 27 08
Beth Boars All 67 -33.6 67.7 5.y 2645

8 A minus sign indicates the evolution
of oxygen.

of a gas or gases rather than consumption

3]



TABLE XXIII

ANALYSTS (F VARIANCE:

CXYGEN CONSUMPTION (F BQAR SEMEN

Degrees Sums of Mean F
Interval Seurce of Variation of Freeden Squares Square Value
First Hour Between Treatments 1 8,308 8,308 0e2l0
Between Boars "} 37,677 37,677 1,080
Among Ejaculates
Within Boars 1 383,953 3k, 905
Within Ejaculates 155 38,024 25
Total 168 167,962
Second Hour Between Treatments 1 10,577 10,577 06120
Between Boars = 35,06l 35,060 0,00
Among Ejaculates
Within Boars n 976,075 88, 73L
Within Ejaculates 155 58,80L 379
Total 168 1,080,520

s



ANALYSIS OF VARIANCE:

TABIE XXIIT

OXYGEN CONSUMPTION OF BOAR SEMEN (Continued)

Degrees Sums of Mean F
Interval Source of Variatien of Freedom Squares Square Valus
Third Hour Between Treatments 1,833 1,833 04060
Between Boars 1l 96 96 0,003
Amang Ejaculates
Within Boars 1n 311,198 28,291
Within Ejaculates 155 L2,282 273
Total 168 355,109
Fourth Hour Between Treatments 1 523 523 0,030
Between Boars 1 36,641 36,611 1.870
Among Ejaculates '
Within Boars 10 195,923 19,592
Within Ejaculates 148 82,000 . "55h
Total 160 315,087

S5



TABIE XXIII

ANALYSIS CF VARIANCE: GQXYGEN CONSUMPTION OF BQAR SEMEN (Continued)

Degrees Sums of Mean F

Interval Source ef Variatien of Freedom Squares Square Value
Fifth Hour Between Treatments 1 3L 3k 06003

Between Boars 1 19,268 19,268 1,800

Among Ejaculates ’

Within Boars 8 85,607 10, 700
Within Ejaculates 126 28,761 228
Total 136 133,670

95
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