\LONG-TERH STOKAGE OF LIGIID BOAER SPERMATOZOA,
by
Charles Raymond Underwood, IIT
Dissertation submitted to the Graduate Faculty of the
Virginia Polytechnic Institute and State University

in partial fuilfillilment of the requirements for the deyree of

DOCTOR GF PHILOSOPHY
in

Animal Science
(Reproductive Physiology)

APPROVED:

-— . — - -

{//3. W. Kniqht,zaﬁgirﬁan

K. P. Bovard E. D. Clé_W

T. N. Héacham yd R7G.YSaacke
L.A. Swiger, Djﬁgﬁ%ment Head T.’M. Tamblyn

Juily, 1981

Eiacksburg, Virginiea



ACKNOWLEDGENRENTS

The author extends his appreciation to those who were
involved in conducting this study anrd in preparing this man-
uscripte.

He would especially thank J. W. Knight, commnittee
chairman, for his suggestions and assistance in conducting
this study and for his guidance and encouragement throughout
this gracduate prograf.

He also expresses thanks to K. P. Bovard, E. D. Clegg,
T. ¥. Heacham, K. G. Saacke and T. M. Tambiyn for their
cooperation and guidance and for serving as his graduate
comnittee.

The autior is indebted to his fellow graduate students
for their manual and technical assistance and suggestions.

Finally, the author wishes to thank his family for
their support and encouragement throughout his coliege

careere.



TABLE OF CORNTENTS

Chapter II. REVIEW OF LITERATURE ceeccecceceee

INTTrOGUCLION eeecececccaccccccccecccscaceacce
EXtENAErS ececeecceescaccccsccacscccccsccncne
Storage TeNpPeLdille cececcecevcccsocccsnccccce
StOrage TilME- ceeeeoceccccacccccoccccccccee
Incubation Time and Tewperatulre eceecececeee
Coo0ling Rate ececeececececccscececccecocaceces
AntibiothS Csee evsecervNrROCceRORCE SO COOREEESES
Sperit ENZYMES eceeaccscccccsancansscascnnace

Chapter IIf. EXPERINENTAL PROCEDURES ceccececcee

}jreiimi]lary Stﬂdi@;s ® e o ® 00 e e e oot ce
PhaSE‘I € @& @ ® €6 &0 6T G EEEE O EEEESESCS ECSECETOEsosE

Pl’la:se II‘.....OO..‘Q'.C...........‘.‘.CQ.“.

Statistic&l FinaiYSlS e e e0o s 0eoe e e acacoce

Ch&pter IV. RESGLTS G @@ &6 60 00 0E GO OE EE s sOES O

Phase I In Vitro Semen TraitS ecccecsssceces
Phase II In Vivo Pertilizaton Rate ecececes

Chapter V. GENERAL DISCUSSION ceececccecccees

Acrosome HOrphOlody ececececccccecacacccsces
berosin ACtivity eceececcceccccccccccccocas
PFrogreszive Forward MOt1i1ity eccecececceccecce
Vibrational and/or Rotational Motility ...
Gva Recovery and Fertilization Rate eeeee.

Chapter VI.  SUMMARY AND CONCLUSIONS weeeeees.

LITERATUR}E CI?}E;I) ® & @& 66 06060 ¢ 060 0 00 s 0e eO sOoncace

APPENDIX ® @6 6@ 66 66 S0 EE 66 CEBES S0 00 ECEE 00 S0 aBSeCEE

VIT2

S ® 6 6 06 & 80 6 C 88 SO EEC GO OO ECeE e TE TS OGS CE CE SO

iii

e e cese oo

ee ees aceseo

e & oo

s eae scoee

e s e cecec e

e eec s eoe

cee o0 oo ¢

ees o e 0o aec

o e o0 a0

«ee s e oo @ e

se s o seco e

csecenoeasce

*e® & & &6 S s e

e e e s e

*e &6 a0 ece

s s e coesee

®oe o ¢ oo

ee s e a0 o

ae o s oo

e e &6 se oo

se e s cesoe

«ae e o s s

e @ o6 &0

eoe® & a0 o0

*e &6 ¢con e

L IC A B A Y 2

*®e & oo

. 1
« 3

L 3
. 6
16
20
24
29
30
32

46
46
47
51
53
54

54
98

103
103
105
107
108
111
113
117
126

137



LIST OF FIGURES

Effects of Antibiotics and Storage Temperature

on Kormal Apical Ridge ACroOSONEeS « « « o «

Effects of Extender and Cooling Rate on Normal

kpical Kidge ACTOSONES « e o o o« o o o o o

Effects of Extender and Storage Temperature
on Hormal Apicali ARidge ACrOSOHES « o o o o

Effects of Antibiotic and Extender on Progressive

Forward MOTLIlitY o o ¢ o« e ¢ o o o e o « o

Effects of Extender and Storage Temperature on

Progressive rorward MOotility o« o« o o « o

Effects of antiviotic and Extender on Vibrational

and/or Rotational MOtility o« o ¢ o o o o »

-

-

-

-

Bffects of Extender and Storage Temperature on

Vikrational and/or Rotational Motility . .

-

-

-

65

66

67

82

85

96

99



1.

0.

LIRS

LIST OF TABLES

Conposition Gf TXteNderS « « o ¢ o o o o o o o o

Mean Values for Percent Normal Apical Ridge
icrosomes Extended with PBeltsville L2 Containing
Pencillin/Streptomycin with a Two Hour Cooling

Raate - L] L 3 L4 . - e - - L L L4 - - - - L d - - L] - -

Hean Values for Percent Kormal Epical Ridge
Acrosones Extended with Beltsville 1.2 Containing
Peniciliin/Streptomnycin with a Four Hour Cooling

Ra‘te L - - - - - - Ld L3 . - L2 - - L2 - Ld - - L 4 - -

Hean Vaiues for Percent Normal Apical Ridge
icrosomes Extended with Beltsville LZ Containing
Gentamicin with a Two Hour Cooling Rat€. « o« « «

Mean Vaiues for Percent Normal Apical Ridge
hecrosomes Extended with Beltsville LZ Containing
Gentamicin with a Four Hour Cooling Kate « « « .

Mean Values for Percent Normal Apical Ridge
hkcrosomes Extended witn Purdue Containing
Fenicillin/Stireptomycin with a Two Bour Cooling

Ra.te Ll L] L2 Ld - - - - - Ld - L3 - - Ld L4 Ld - L d -« - -

lfean Vaiues for Percent Normal Apical Ridge
Acrosomes Extended with Purdue Containing
Peniciliin/Streptomycin with & Four Hour Cooling

E{ate - - - - - -« - - L d L3 - - * - - Ld Ld - L - - -

Mean Values for Percent Wormal Apical Ridge
Acrosores Extended with Purdue Containing
Gentamicin with a Two Hour Cooling Rate. « « «

Keen Vaiues for Percent Wormal Apical Ridge
Lcrosomes Extended with Purdue Containing Genta-
micin with a Four Hour Cooling Kate. ¢ ¢ o« o « o«

Least-Sguaresg Means and Standard Errors for Normal

Apical Ridye ACLOSOMES « o o« o o o o o « o o o =

Hean Values for hkcrosin Activity Extended with
Beltsville L2 Containing Penicillin/Streptomycin
with a Two Hour Cooling Rate o« o« o o o e o o o o

49

55

56

57

58

59

60

61

62

63

68



13.

4.

15.

16.

17.

i8.

19.

20.

21.

22.

Mean Values for Ecrosin Activity Extended with
Beltsville LZ Containing Pencillin/Streptomycin
with a Four Hour Cooling Rat€e o o o o o ¢ o o o

Miean Values for Acrosin Activity Extended with
Beltsviile LZ Containing Gentamicin with a Two
Hour CO()}viIlg Rate. - [ 4 - - - L J L 2 e L - - L ] L 3 L3 e

tican Values for Acrosin Activity Extended with
Beltsville L2 Containing Gentamicin with a Four
I%’our CoOling Rat e‘ . - - - - - - - L . L d L L L 3 -

lfean Vaiues for Acrosin kctivity Extended with
Purdue Containing Penicilliin/Streptomycin with a
Two Hour Cooling Kat€e o ¢ ¢ ¢ o ¢ o ¢ o o o o o

Mean Values for Acrosin Bctivity Extended with
Purdue Containing Penicilliin/Streptomycin with a
Four Hour CoOling Rate e « o o e o« o o o o o o =

flean Values for Acrosin Activity Extended with
Purdue Containing Gentamicin with a Two Hour
Coolillg Rate - - . - - - - L - - L d L3 L ] - L] - - Ld

Mean Values for Rcrosin Activity Extended with
Purdue Containing Gentanmicin with a Four Hour
Coc‘l ing I{ate L 3 - - - - - - L] - L 3 - L d L d - [ 3 L - L ]

Least-Sguares Means and Standard Errors for
ACTOSiN ACTLVIEY o o ¢ o o o o o o o « o« o o o o

Least-Squares Heans and Standard Errors for Pro-
gressive Forward MOTLLIitYe o o o o« o o o o o o

Mean Values for Fercent Vibrational and/or Rota-
tionel Motility Extended with Beltsvillie L2
Containing Penicillin/Streptomycin with a Two
Hour Cooling Kat@e o« o o o o o o o o o o o o o o

Mean Vaiuves for Percent Vibrational and/or Rota-
tional wMotility Extended with Beltsville LZ
Containing Feniciilin/Streptomycin with a Four
Hour CoOling Rat€e o« o« o o o o o « o o o o o o o

lean Values for Percent Vibrational and/or Rota-
tional Fotility Fxtended with Beltsville L2
Containing Gentamicin with a Two Hour Cooling

Rat@ * e - - e . e - - ] . . - - e - - . e . - -

vi

69

70

71

73

15

18

81

86

87

88



24,

ffean Valueg for Percent Vibrational and/or Rota-—
tional Hotility Extended with Beltsvilie L2
Containing Gentamicin with a Four Hour Cooling

R& te - L] - [ 4 . . - - - - - - - - - - - - - - L3 -

25. Hean Values for Percent Vibrational and/or Rota-
tional #otility Extended with Purdue Containing
Peniciliin/Streptomycin with a Two Hour Cooling
Ra-te - . - - - - [ 3 - e - - - - L J - L d - -« e e - -

26. Fean Values for FPercent Vibrational and/or Rota-—
tional Hotility Extended with Purdue Containing
Penicillin/Streptomycin with a Four Hour Cooling
Rate . - - L] - - . - Ld . - e L] [ J - - L d [ 3 - L 3 - -

27. #ean Values for Percent Vibrational and/or Rota-
tional Motility Extended with Purdue Containing
Gentamicin with a Two Hour Cooling Rate. . . « .

28. Hean Values for Fercent Vibreational gnd/or Rota—
tional Motility Extended with Purdue Containing

/20 Gentamicin with a Four Hour Coo0ling FKate « « « «

29. Least—-Squares Heans and Standard Errors for
Vibrational and/or Rotational Motility . . « « .

30. Correlation Coefficients Among Semen Traits. . .

31. Least-Sqguares Heans for Ove Recovery and Ferti-
liza.tioll Rate - - L3 -« - - - L - - - L ] L J [ ] L 4 - - -

Appendix

1. hnalysis of Variance for Normal Apical Ridge

Acrosoi“es - - L2 - - - - - - - - e - - L L - - - -
2. Analysis of Variance for Acrosin Activitye . «
3. &analysis of Veriance for Progressive Forward

Hotility - L - - L] - L J L] - - - L J - - - - L J L3 - -
4., Analysis of Variance for vibrational and/or

Rota. tiOhal l’iOt i}. ity ¢ e e e . e e e - e & e . - .
5. Analysis of Variance for Normally Fertilized Ova
6. Analysis of Variance for Abnormally Fertilized

Ova. - L3 - - . - - - - L3 - 3 g - . (3 (] - o [ - - [

100

- 101

127

« 129

« 131

- 133
. 135

136



Chapter I. IRTRODUCTION

Improving reproductive efficiency is one of the major
concerns of swine producers. Oone such method of reproduc-—
tive improvement is through ﬁhe use of an artificial insemi-
nation (AI) progran. Eenefits of an AI programr include
permitting the producer to maximize the number of insemina-
tions per ejaculate from genetically supericr boars, while
reducing mwanagement and labor costs.

it present, three types of semen can be used in an AI
program: fresh liguid semen, stored liquid semen and frozen
senen. fertilization rates for natural service and fresh
ligquid semen average approximately 85% throughout the swine
industry. the fertilizatiorn rate for <£frozen boar semen
falls to approximately 60%. Due to the lower fertilization
rates reported <for frozen semen and untii the reliability
and popularity of frozen semen increases, its value appears
to be more potential than realized.

The use of fresh liguid semen in an &I program offers
the advantage of multiple inseminations without sacrificing
fertiiization rate, but it does not reduce labor and manage-—
ment costs, since it necessitates daily collection of semen.
Therefore, the development of an economical extender system
that will meximize the long-term storage of liquid semen

could be an important wanagement tool in the swine industry.
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A major deterrent to the widespread use of liguid semen is

<

the short in yitro storsge life of ©Dboar spermatozoa. The
developnrent of an extender syster that will increase the
storage life of liquid semen and maintain a fertilization
rate comparaple to that of <£fresh semen and natural service,
will Dbe an economical and practical method of dimproving
reproductive efficiency. Therefore, the objectives of this
study were to:

1. Determine the optinum extender system for two
extenders that will maintain the highest level
of cellular integqrity when stored at either 5C
or 15C for a minimum of 72 hours.

2. H®valuate the fertilizing capacity of stored
spermatozoa using the extender system that
raintained the highest level of ceilular
integrity.

3. Critically analyze enzymatic and morphological
changes of boar spermatozoa associated with
storage and aging.

4. Characterize properties of boar spermatozoa
important to fertiiization.



Chapter Ii. REVIEW OF LITERATURE

Introduction

Historically, the use of artificial insemination (AI)
in swine has been highly variable throughout the world. In
North America, swine AI has been used very little; whereas,
swine AI has been used extensively in Rastern and Western
Europe andé Japan (Pursel, 1979) « Pursel (1979) reported
that these differences in acceptance were largely due to
economic factors rather than to technical differences.

In 1932, Milovanov reported that the advantage of
increasing the number of sows fertilized by a single boar
using AI was accomplished Hy diluting the semen and not by
changing the site of semen deposition. Kilovanov (1932)
prepareda an isotonic extender for boar semen, sp-1, and
reported that the optimum dilution rate was 1:8
(semen:dilutery with & maximum of 1:30. Rodin and Lipatov
(1935) stated that best results were obtained with a dilu-
tion of 1:4'(semen to diluter) for an average of 70% preg-
nancy rate. Pregnancy rate was defined as the percentage of
females bred that wee pregnant. Wiggins et al. (1951)
reported an average of 91% fertilized ova when gilts were
insemrinated with 20 ml of freshly collected semen diluted to
a final volume of 50 wl with & modified Krebs solution. Ito

et al. {19L8a) observed that 88.7, 71.4 and 40.0% of the



females were pregnant for semen stored up to 24 hr, 24 to 48
hr and 48 to 75 ar, respectively. Polge (1956a) stated
that between 50 and 60% of the females bred should become
pregnant at the first insemination with no reduction in lit-
ter size, when Al was done with fresh diluted semen, two to
six hours old, on the second day of estrus. Polge (1956a)
diluted semen with either a voik-glycine or a yolk—-glucose
extender, with or without the addition of antibiotics, and
reported that there seemed to be no difference between the
two extenders for pregnancy rate. He suggested that the
addition of antibiotics to the extenders had a beneficial
ceffect on the pregnancy rate pbut stated that a larger expe-
riment was needed to verify this effect.

ramdal and Hogset (1957 found that AI with fresh
diluted semen, 3 to & hr old resulted in a 65.5% pregnancy
rate. Semen was diluted with & yolk-citrate extender con-
taining penicillin and streptomycin. Polge (1956a) and Ram-
dal and Hogset (1957) reported an inverse relationship
between semen age and percentage of pregnant females. Dziuk
and Fenshaw (1958) reported pregnancy rates of 56% for
fresh, undiluted semen and 55%, 5% and 42% for diluted semen
stored for 1, 2 and 3 days, respectively. The extender used
was a yclk-glucose-picarbonate extender with antibiotics
only added to the semen stored for 3 days. They suggested

that the higher conception rate for semen stored three days



compared with semen stored two days was due to the addition
of antibiotics to the 3-day samples.

dardal (1966) reported a 0% decline in the use of
swine AI in Horwey. The main reason given for this decline
was that ARI generally resulted in lower pregnancy rates than
natural matings. Boender (1966) stated that in the Nether-
lands, conception rates following AI were about 10 to 25%
lower than following natural service. Lindstrom (1966)
reported 10 to 15% lower pregnancy rates for swine AI, in
Finliand, than the 75 to 85% reported for natural matings.

The major problems associated with the use of swine AIX
during its early development, were the generally lower fer-
tilization raztes reported for f£resh, diluted semen compared
to natural matings and the reduction in fertilizing capacity
of stored, 1ligquid semen compared with either natural mating
or I with fresh, diluted semen. A great deal of research
has been conducted over the past 20 years on the factors
affecting the use of liquid boar semen. Areas of research
that have been investigsted include the effects of: 1) stor-
age temperature and storage time; Z2) incubation time; 3)
cooling rate; and &) extender compositione. Additional
research nas Dbeen conducted with frozen boar spermatozoa.
However, pregnancy rates obtained from frozen semen have
been from 30 to 40% below those obtained from either naturail
mating or fresh diluted semen (Graham et al., 1971; Pursel

and Johnson, 1971, 1872 ; Johnscn et al. 1981 .



Extenders

fistory of Extender Usage

One of the early extenders for boar semen was prepared
by Milovanov (1932). This extender consisted of an isotonic
solution of sodium sulphate with swmall amounts of potassium
sulph&te, calcium chioride and peptone. Lasley and Bogart
(1944) reported that addition of egg yolk to & phosphate
buffer increased the resistance to cold shock of both epidi-
dymal and ejaculated sperm. Mayer and Lasley (1945) iso-
lated an active resistance tactor from egg yolk. This
resistance factor-phosphate buffer mixture proved more
effective than the original yolk-buffer mixture in increas-
ing the resistance of bull spermatozoa to cold shocke. How-
ever, these authors stated that the resistance factor-puffer
mixture was not as eifective with spermatozoa from the ram
or boar as with the bull (Mayver and Lasley, 1945). Noll
(1950) observed that pure egyg yolk added to boar semen, in a
ratio of 1:2, increased the survival of sperm cells during
storage at 5C up to 11 days.

Roy (1955) extended poar semen in 3.2% sodium citrate-
egg yolk or 3% c¢lycine-egg yolk extenders and stored the
extended semen at 4C. after 24 hours, motile sperm cells
were found 4in the glycine-egg yolk extender but none were

found in samples extended with the citrate-egg yolk exten-—
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dere. Polge (1956a) compared stored boar semen extended in
either yolk-citrate, yolk-phosphate, vyvolk-glucose or a
yolk-glycine. The extenders that maintained the highest
sperm cell motility after storage at 5C were the yolk-gly-—
cine and yolk-glucose extendecrs. The yolk-phosphate exten-
der produced slightly higher wotility than the yolk-citrate
extender (Polge, 19564q) . However, Aamdal and Hogset (1957)
found that the motility was highest for boar semen that had
been extended in a 3% sodium citrate-yolk extender contain-—
ing peniciilin and streptomycin. The citrate—yolk extender
was compared with @a phosphate extender, a skimmed milk
extender and a glycine-yolk extender. In addition, Illinois
Variable Temperature extender (IVT), which contains sodium
citrate, has been used widely in commercial swine AI (Grahan
et gl., 1978). Greaham et al. (1978) quoted reports that in
the Swedish &I program in 1573, a 68.6% farrowing rate was
obtained with an IVY® buffer after £first inseminations of
9.860 sows. Farrowing rate was defined as the percentage of
females bred +that farrowed. Boender (1966) reported an
average of ©67.5% pregnancy rate for extended semnen stored
for 72 hours in a modified IVT. This extender was saturated
with carbon dioxide and contained 12 grams of fructose per
liter of extender.

Graham et al. (1978) stated that possibly the most

commonliy used extender for "on the farm AI programs® con-



tained skim milk, which was effctive when semen was extended
and inseminated on the day of collection. Koh gt al.
(1976) used a skim milk-glucose extender and reported an
overall farrowing rate of 69%.8%.

Currently, most swine semen extenders are based on glu-
cose as an energy substrate with the addition of buffering
materiale and antibiotics. Proteins in the form of egg yolk
or milk have sonmetimes been added but appear o be non-es-

sential (Graham et al. 1978).

kxtender Tvpes

Semen extenders can be divided into three madjor cate-
gories: 1) extenders containing egg yolk; 2) extenders con-
taining milk; and 3) extenders containing defined chemical
reagentse.

lasley ¢t al. (1942) reported that egg yolk buffer
increased the resistance of bull spermatozoa to cold shock
by approximately U400% and dincreased storage time approxi-
mately 600% over non-diluted semen. Several investigators
have added varying amounts of egg yolk to swine semen exten-
ders to reduce the adverse effect of cold shock on boar
spermatozoa. bziuk (1958) and Pursel et al. (1969, 1270,
1973c) used a glucose-bicarbonate extender containing 30%
egg yolk. Benson gt al. (1967) used Tris buffer containing
5% yolk. Boar semen was extended in a Tris-tricine-fructose

extender containing 20% egqgg yolk (Bower et al., 1873) .



Déiuk (1958) found that the most satisfactory extender for
boar semen stored at 7C was the yolk—glucose-bicarbonate
extender. Similer results vwere reported by Pursel et al.
(1973¢c) . Pursel &t al. (1972b) investigated the effects of
aﬂ&ing 0, 5, 10, 20 and 30% eyg yolk to a tris-citric acid;
lactose extender to determine the resistance of boar spern
cell to cold shock. These authors reported that the addi-
tion of 5 to 30% egg yolk to the +tris-lactose extender did
not protect boar spermatozoa from cold shock. These results
were in agreement with Benson ¢f al. (1967) and Pursel et
al. (1970).

Thacker and Zlmgquist (1951) described the use of
boiled, pasteurized homogenized milk and boiled, pasteurized
skim milk as extenders of bull semen. Bull semen diluted in
boiled milk resulted in a 7Y% pregnancy rate based on 30 to
60 day non-returns. filk was boiled for ten minutes and
cooled before dilution. Using the milk extender described
by Thacker and ARlmguist (1951) to extend and store boar
semen, Stratman et al. (1958) reported conception rates %
90% and 95% for fresh extended semen and 12 hr stored semen,
respectively. Stratman and Self (1961) reported a concep-
tion rate of approximately 70% using semen diluted with tine
milk extender. Conception rate was defined as the percent-
ége of possible ova that were normally developing feti. Koh

et al. (1976) found that 2I with =ilk extended semen
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yieided a 6%.8% overall farrowing rate. First et gal.
(1963) reported an average fertilization rate of 61%, using
fresh semen estended with milk. Fertilizeastion rate was
defined as the percentage of possible ova that were normally
developing embryos.

Although guantities vary, defined ingredient extenders
generally contain the following: an energy substrate, usu-
ally & sugar; ionic salts; and antibiotics to retard bacter-
ial growth. Extender antibiotics are discussed in a later
section of this review. There are many defined ingredient
extenders described 1in the liiterature. Only the major com-
ponents are discussed in this review.

The most copmon energy substrate added to extenders has
been glucose. Several investigators (Waltz et ai., 1968;
Pursel et al. 1972a,b, 1973b,c; Foley et gl., 1967, as mod-
ified by Pursel et al. 1974; and Plishko 1965 as quoted by
Johnson et ai. 1980) have reported using glucose as an
energy substrate. Quantities of glucose varied from 3 g per
liter (Waltz et al. 1968) to 60 g per liter (Johnson €t al.
1980) . The following sugars have also been used in swine

semen extenders: fructose (bBenson et al., 1967; Foley et

o+

al., 1967; ana Fursel et al., 1972b); lactose (Pursel et
al., 1¢72&,b, 1973a, 1974); sucrose (Pursel et ai., 1972b);
and raffinose (Pursel gt al., 16772b) . Pursel et al.

(1272by reported that sperm cells were significantly more
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resistant to cold shock in extenders that contained lactose,
sucrose ov raffinose than in extenders that contained either
glucose or fructose.

The comtination of Tris (hydroxymethyl) aminomethane
and citric acid has been used 1in semen extenders (Benson et
ale., 1967; Pursel et al. 19%2ab; 1973 a,c, 1974). The
Illinois Variable Temperature (IVT) developed by du Hensil
du Buisson aud Dauzier (1958) contained the combination of
sodiur citrate, sodium bicarbonate and potassium chioride.
Pursel et al. (1973 ,by developed the Beltsville L1 exten-—
der, sodium citrate, sodium bicarbonate and potassium chlo-
ride. Purseil et gl. (1974} used a modified Purdue extender
(Foley et al., 1967) that contained a combination of the
same three ionic salts. The salt compogition of Kiev exten-—
der consisted of sodium citrate, sodium bicarbonate and
disodium etnylenediamine tetraacetate (Plishko, 1965 as
guoted by Johnson et al. 1980).

Extender Effects on Acrosome Horphology

Extender pH, sugar composition and percent egg yolk
significantly affect the cold shock resistance of boar sperm
acroscmes as weasured by the percentage of cells having a
normal apicai ridge acrosome (NAkKj; Pursel et al., 1972b).
Sperm cells were significantly more resistant té cold shock
after 7 hr incubation in extenders with pH of 5.9, 6.6 and

7.3 than in extenders with pH of 8.0 and 8.3 (Pursel et
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1672b) . After 5 hr incubation, boar sperm cells Were more
resistant to cold shock in extenders containing either lac-

tose, sucrose or raffinose than in extenders containing glu-

L]

cose or fructose (Pursel et al., 1972b). Pursel et &i.
(1972b) reported that sperm acrosomes were more cold shock
resistant after 5 &hr incubation in an extender without egg
yolk than in an extender containing 30% egg yolk or 20% egg
yolk.

Pursel et al. (1973c) have reported that semen
extended withk egg yolk-glucose—-picarbonate maintained a sig-
nificantly higher percentage of NAR than semen extended in
either of the defined ingredient extenders, Beltsville L1
(EL1) or Beltsvillie L2 (BL2). Beltsville L2 exteder main-
tained a significantly higher percentage NAR than Beltsville
L1 (Pursel et al., 1973c). after storage for 7 days at 15C,
semen extended in BL1, Purdue eitender (PE), IVT + CO2Z2 and
IVT - COZ had bigher percentages of NAR than semen extended
in glucose-bicarbonate (GB) (Pursel et al. 1°74) . Pursel

et al. (1974) reported that the percentage of NAR for the
BL1 extender was significantly higher than for the PE exten-
der, following storage at 15C for 7 days. Pursel (1979)
stated that the optimum sperm concentration for the mainte-
nance of HAR was 80x1(¢6 cells/ml for BL1 extender and 40x10e

cells/ml for Kiev extender. Roar sperfk acrosomes were more

resistant to cold shock when semen was diluted with exten-—
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ders that: 1 had & pH from 5.9 to 7.3; 2) contained
lactose, sucrose or raffinose; and 3) contained no egg yolk.

Extender Eiffects on Sperx Motility

Roy (1955) observed motile sperm cells after 24-hr
storage at 4C when ssmen vwas extended in glycine-egg yolk
extender bput no motile cells were found when semen was
extenced in citrsate-egy yolk extender. Similar resuits were
reported by Polge (1956a). In contrast, Aamdal and Hogset
(1957) reported the highest nmotility in semen extended with
a citrate-yoix extender that contained peniciliin and strep-
tomycin. Dziuk (1958) found that semen maintained the high-
est motility when extended with a yolk-glucose-bicarbonate
extender. Pursel et al. (1973¢c) stated that the percentage
of motile spermatozca was significantly higher for semen
stored in egg yolk-glucose-bicarbonate extender than in BLZ
or BL1T and values were higher for semen stored in BLZ than
in EL1. However, Benson et al. (1967) found no difference
in sperm motility after cold shock, when semen was extended
with a Tris-fructose-citric acid extender containing either
0% or 5% egg volk. Using a Tris-lactose extender, Pursel et
al. (1972b) varied the level of egyg yolk from 0 to 30% and
found no significant effect on sperm motility after cold
sShock.

The vpercentages of motile spermatozoa coid shocked

after +two hours incubation were significantly higher in
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extenders with a pE of 7.3, 8.0 and &.3 than in extenders
with a pH of 5.9 and 6.6 (Pursel et al. 1972b) . These
authors observed the seme trend for percent motile spern
cells after 4.5 &hr of incubation as after 2-hr incubation.
This trend was not seen after a 7-hr inéubation (Pursel et
al., 1972b).

When the extenders containing glucose, fructose, lac-
tose, sucrose and raffinose were compared, no significant
differences for percent motility after cold shock could be
detected among extenders. Sperm motility was higher when
semen ¥was diluted with extenders that had a pE from 7.3 to
8.3. Hotility was not affected by the sugar composition or
the presence of egg yolk.

Extendexr Effects on Fertility

Wiggins et al. (1951) reported an average of 91% fer-
tilized ova when gilts were inseminated with 20 ml of semen
diluted to a final volume of 50 ml. with a modified Krebs
solution. Polge (1956a) stated that 50 to 60 percent of the
females bred should become pregnant with no reduction in
litter size when inseminated with semen extended with either
yolk-glucose or & volk—-glycine extender. hamdal and Hogset
(1957) reported thet semen diluted with a yolKk-citrate
extender containing peniciliin and streptomycin resulted in
a 65.5% pregnancy rate. Pregnancy rates of 55,v S and 42%

for diluted semen stored 1, 2 and 3 days, respectively, were



reported by Dziuk and Henshaw (1958). The extender used was
a yolk-glucose-bpicarbonate extender with antibiotics added
only to semen stored for 3 days (Dziuk and Henshaw, 1958).
The mean percent conception rate reported by Stratman and
Seli (1961 was 73.9% for 2.5x10°% sperm in 100 ml of milk
extender. In Pinland, the average conception rates using a
yolk—-citrate extender vwere 74.3, 73.2 and 69%.4% for the
years 1%c1, 1962 and 1963, respectively (Lindstrom, 1966).
Rutgers (1966) reported that in the Netherlands, 63.9% and
65.3% of femzles were pregnant after the first insemination,
using a skim wilk-yolk extender or a glucose-bicarbonate
extender, respectively. In a review, Graham et al. (1978)
gquoted reports that in the Swedish 'AI program in 1973, a
68.6% farrowing rate was obtained after first inseminations

using IVT buffer.

Pursel ¢t al. {1973b) extended semen in Beltsvilile L1
and held it at a 15C stocrage temperature. These authors

obtained 87.2, 9%.4 and 92.6% of normal fertilized ova for
semen stored for one, three and five days, respectively.
Kabishima et al. (1975) compared semenrn stored for 96-120 hr
with fresh semen and found a decreased pregnancy rate
between fresh and stored semen, 94% and 84%, respectively.
Johnson ¢t adi. (1980) reported significantly more females
farrowed when inseminated with semen extended in Kiev exten=-

der than in BL1 extender (Johnson et al., 1980). The
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defined ingredient extenders appeared to have a mnore
beneficial effect on fertility than the extenders that con-

tained either milk or egg yolk.

Storage Temperature

& wide range of storage temperatures has peen used for
liquid boar spersmatozoa. Boar semen has been stored at
temperatures of 4C (Koy, 1955); 5C (polge, 1956ab; Boender,
1966; Pursei gt &al. 1973c, 1974); 7C (Dziuk, .1958); SC
(Stratman et al. 1958); 10C (Koh et al., 1976); 10 to 12C
(Lasley and Bogart, 1944)y; 15 to 20C (Ito et al., 1948b;
Aamdal and Hogset, 1957; Boender, 1966; Melrose, 1966; Pur-

sel et

=

. 1973c, 1974); 25C (Boender, 1966; Pursel et al.,
1874; and 35C (Boender, 1566) .

Effects of Storage Temperature on Acrosome HMorpholioqy

e [

Pursel ot al. (1973¢) stated that an important factor
during storage at 5C was the cold damage to boar spermatozoa
even though cooling from room temperature (24 to 25C) to 5C
vas done over a 2-hr period. These authors cited three
observations that supported the preceeding statement: 1)
The percentage of NAK was higher in samples stored at 15C
than in those stored at 5C; 2y There were higher percent-
ages of sperm cells having either a missing apical ridge

acrosome (MAR) or & loose acrosomal cap (LAC) in samples
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stored at 5C than in samples stored at 15C. Typical acroso-
mal chandes associated with cold shock were HMAR and LAC
(Pursel et al., 1972a); and 3) Holding undiluted semen at
room temperature for 1.25 hr to 7.2 hr maintained higher
acrosomal integrity Jor samples stored &t 5C than samples
held for .25 hr (Pursel et al. 1973,c) . The percentages of
MAR and LAC were higher for BL1 and BL2 extended semen than
for egg—glucose-bicarbonate extended semen stored at 5C
(Pursel et at., 1973c).

Pursel et al. (1974y compared 25C and 115C storage
temperatures. Semen was extended with either 2.9% citrate,
.9% saline, 4Yris-lactose-citric acid (Tris) or IVT without
carbon dioxide saturation. Sperm acrosomes deteriorated
more rapidaly when stored &t 25C than at 15C in all four
extenders. At both 25C and 15C, acrosomes deteriorated at a
significantly faster rate when semen was extended in Tris
and saline extender than in citrate and IVT without carbon
dioxide wsaturation. In aﬁother experiment, semen was
extended in either BLY, BLZ2, IVT+C02, IVI-C0Z2, PE or GB and
stored at either 25C for three days or 15C for 7 days (Fur-
sel et al., 1974). Semen samples stored at 15C were removed
after 7 days and evaluated or incubated for 3 hr at 37C and
then evaiuvated for acrosomal integrity. R significantly
higher percentage of NAR was Observed after 3 days at 25C

for samples in BL1, PE and IVI+CO02 extenders than in 6B and
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IVI-C0Z extenders. The percentage of NAR was higher in BL1,
IVE+CO2 and IVT-CO02 and P2 extenders than in GB extender for
samples stored at 15C. Polliowing storage at 15C, percent
KAR was greater for semen extended in BL1. Similar results
were reported for semen stored at 15C and incubated for 3 hr
at 37C before acrosomal evaluvation. Acrosome morphology was
highest at a 15C storage temperature.

Fffects of Storage Tempsrature on Sperm Motility

. . et Gt

Iito et al. (1948b) reported that 15 to 20C was the
proper storage temperature for optimal sperm motility.
Sperm stored at 4C maintained their initial motility values
for over 30 hr in samples extended with equal volumes of
seminal plasma and 4.5 percent glycine-egg yolk and for over
48 hours in samples erxtended with the glycine-yolk extender
without seminal plasma (REoy, 1955). Polge (1956a) reported
60 to 70% motility in samples stored at 5C for 5 or 6 days.
Ramdal and Hogset (1957) diluted semen with a yolk-citrate
extender and stored the semen at 15 to 20C for 120 hours.
The mean percentadges of motile sperm ranged from 79.2 to 1.6
for 0 hr and %20 hr, respectively. Dziuk (1958) stated that
motility of sperm stored at 16C was often superior to sam—
ples stored at 7C for the first 43 hr, but motility was
never superior at 16C after 48 hours. Stratman et aie.
(1658) stored semen at 9C for 12 hours. The mean percentage

of motile spermatozoa for fresh sewmen was 72.2% and 47.2%
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for stored semen. Boender (1966) reported that semen stored
at jEC maintained higher sperm motility than semen stored at
either 5C, Z5C or 35C. Pursel et ai. (1974) reported a
significantly faster decline in motility of spermatozoa
extended in saline and citrate extenders than those extended
in Tris and 1VT-CO2 extender at both a 15C and 25C storage
temperatures. At 25C for 3 days, the percentage of motile
spernatozoa was higher for semen extended in BL1, FE and
IVr+Co2Z than for semen extended in GB and IVT-CO2. ¥or
semen stored at 15C the percent motility was higher for
IVIT+C0Z extended sakples +than for the other extenders.
Semen extended in BL1 and PE had significantly higher per-
centages of motile spermatozoa than samples 1in GB and
IVPE-COZ. When semen stored at 15C was incubated for 3 hr at
37C before evaluation the percentages of motile sperm cells
were hignher for the BL1, FE and IVI+COZ extenders than for
the GB and IVI-COZ extenders (Pursel et al. 1974) . Spern
motility was highest at a 15C storage temrperature.

Effects of Storage Temperature on Fertility

%hen diluted semen was stored at 15 to 20C, ARamdal and
Hogset (1957) reported an overall pregnancy rate of 59.4
percent. This overall pregunancy rate inciuded semen that
had been stored at 15 to 20C for 3 to 60 hours. Stratmkan et
al. (1958) reported that the mean percent fertilized ova

for fresh diiuted semen was 76.9% compared at 9C with 83.6%



for semen stored for 12 hours. However, Kabishima et al.
(1875) reported & decreased pregnancy rate for stored semen
versus fresh semen. Semen was stored at either a constant
15C or at a range of & to 12C for 96 to 120 hr. Pregnancy
rates were 94, 83 and 85% for fresh, constant temperature
seren and varied temperature semen, respectively. et ai.,
1975) . These authors found no significant difference for
pregnancy rate between eitihner of the storage temperatures.
Johnson et al. (1980) stored diluted semen at 18C for 3
days. There was no significant difference between storage
tires of 1 and 2 days at 18C (70.2% versus 65.%9%, respec-—
tively); however, there was a signpificant reduction in far-
rowing) rate between one and 3 days (70.2% versus 58.7%,
respectively) (Johnson et ali. 1980). The storage of semen
at 15C appeared to have a more beneficial effect on fertil-

ity than did storage at lower temperatures.

Storage Yinme

Effects Storage Time on Acrosome Morphology

s S Sl Se

5

When extended semen was held for 72 hr at either 15C or
25C Pursel et gl. (1974 found that the percentage NAR
decreased more rapidliy for samples extended with .9% saline

and Tris-lactose-citric acid extenders than with 2.9%

citrate and IVr-C02 extenders. FPor semen stored for three



days at 25C, +the percentages of NAR were higher in BL1, PE
and IVI+COZ extenders than in 6B and IVT-CO02 extenders.
When semen was stored at 15C for 7 days the percentages of
NAR were significantly higher for samples extended with BL1,
PE, IVI+CO2, and IVT-COZ than for samples extended with GB
(Pursel et al., 1974). The percentage NAR was higher for
the BEL1 than for the PE extender. When samples that were
stored at 15C for 7 days were incubated at 37C for 3 hr
before acroscme evaiuation the BL1, PE, IVT-CO2 and IVT+COZ
extenders had higher percentages of NAR than the GB exten-
der. Also, the percentage NAR was higher for the BL1 exten-—
der than for PE, IVI4C02Z and IVT-COZ extenders. Ecrosone
morphology decreased as storage time increased.

Effects of Storage Time on Sperm Motility

When sperm celis were diluted in either yolk-glycine or
yolk—-glucose extenders, Polge (1956a) reported that 60 to
70% of the spermatczoa demonstrated active motility after 5
or 6 davs at a 5C storage temperature. However, Aamdal and
Hogset (1957) found an average of 1.6% of extended spermato-
zoa living after storage at 15 to 20C for 120 hours. Strat-

nan et . (1958) reported a range in sperm motility of 30

=

to 65% after storage at 9C for 12 hours. The mean percent
motility <for fresh semen was 72.2% and #47.2% for stored
seMen. These authors stated that even though there was a

reduction in sperm motility +the fertilization rate remained



approximately the same for both fresh and stored semen
(Stratman et al., 1958 . First et al. (1963) <found that
the average percent motility of sperm cells was 79% and 33%
for semen stored at 6 to €C for 6 amd 54 hr, respectively.
Boender (1966) reported that approximately 20% of undiluted
spermatozoa were motile after storage at 15C for 120 hours.
Pursel et ail. (1973c) found that there were no significant
differences in the percentage of notile spermatozoa after
120 hours storsge at 5C between undiluted semen and semen
extended with egyo-glucose-bicarbonate.

kccording to Pursel et al. (1974) , sperm motility
decreased at a faster rate over 72 hr when semen was
extended in .9% saline and 2.9% citrate than in Tris-lac-
tose-citric acid and IVT-COZ. This decline in sperm motil-
ity was exhibited at both 15C and 25C storage temperatures.
For semen held for 3 days at 25C, the percentage of motile
s?erm cells was signiticantly higher in BL1, PE and IVT+CO02
extenders than in 6B or IVT-C02 extenders ( for each compar-
ison) . When semen was stored at 15C for seven days, the
percentage of motile gpermatozoa was higher in IVE+COZ
extender than in BL1, PE, IVT?-CO02 and GB extenders. At the
same storage time and storage temperature, the percentage of
motile sperm was hicher in BL1 and PE extender than for 6B
and IVI-CO2 (Pursel gt ail., 1974) « When the samples were

———

incubated at 37C for three hours prior to evaluation, spern



motility was higher in samples extended in BL1, PE and
IVE+COZ than those extended in GB and IVP-CO2. Sperm motil-—-
ity decreased as storage time increased.

Effects of Storage Time on Fertility

Ito et al. (1948a) <reported that the pregnancy rate
was 88.7, 71.4 and 40.0% for semen stored up to 24 hr, 24 to
48 hr and 4& to 72 hr, respectively. First et agl. (1963)
reported a higher average fertilization rate for semen
stored 6 hr (61%) ‘than for semen stored 54 hr (39.3%) .
Dziuk and Henshaw (1958) inseminated females with semen that
was fresh or extended and stored for one, 2 or 3 dayse. The
semen stored for three days was extended with antibiotic or
without antibiotics. These authors found that the pregnancy
rates for fresh semen and semen stored for one, two and
three days with and without antibiotics were 56, 55, 5, 56
and 32%, respectively. These authors stated that the higher
pregnancy rates for semen stored for 3 days as compared with
2 day storage might have been due to the addition of antibi-
otics to the semen stored for three days (Dziuk and Henshaw,
1958) . Stratran et al. (1958) inseminated freshly col-
lected extended semen and extended semen stored for 12
hours. The averave fertilization rate for all fresh semen
samples was 76.%% compared with 83.6% for the stored sam-
ples. Boender (1966) reported that the percentages of

feraies pregnant after the f£irst insemination were 69%, 67%,
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68%, 66% and 50%, when semen was diluted and stored for 2,
24, 48, 72 and 96 hours respectively. Kabishima et al.
(1975) stored semen at either a constant 15C or from 8C to
12C for 96 to 120 hours. These authors compared fresh semen
and both types of stored semen and reported pregnancy rates
of 94% for the fresh semen, 83% for the constant 15C stored
semen and 85% for the 8 to 12C stored semen.

Pursel gt ail. (1973b) reported that the percentages of
normally fertiiized ova were 87.2, 91.4 and 92.6% for semen
that was stored for 1, 3 and 5 days, respectively. Johnson
et al. (1980) found that the percentages of females farrow-
ing were 70.2, 65.% and 58.7% for semen stored for 1, 2 and
3 days, respectively. Phe fertility of 1liquid semen

decreased as storage time increased.

Incubation Time and Temperature

Effects of Incupation on Acrosome lorphology

Sperm acrosomes develop cold shock resistance, as indi-
cated by the higher percentage NAR, during 2.5-hr and 4.5-hr
incubations at 30C (Pursel et gal. 1972a) . These authoré
reported that acrosocmes of whole ejaculates were more sus-—
ceptible to cocld shock than were acrosomes of the sperm-rich
fraction. The percent WAR after cold shock was signifi-

cantly lower for +the 1 hr incubation pericd than for the 3
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and 5 hr incubations of sperm cells extended with Tris-lac-
tose-citric aciqg, 2.9% citrate and .9% saline extenders.
Cold shock resistance was not developed when sperm were
ipcubated at 30C in GB and IV? extenders for up to 5 hours
(Pursei et al. 1972a) . When semen extended in Tris-lac-
tose-citric acid, Z.9% citrate and .9% saline extenders were
incubated for 3 and 5 hr at 30C, spermatozoa developed more
cold shock resistance than spermatozoa extended in GB and
IVT extenders (Pursel et al. 1972a).

Pursel «t al. (1972b) reported no significant differ-
ences in the percentage of NAR due to extender pH changes
when samples were cold shbocked after incubation at 30C for
two hours. However, the percentage of NAR after cold shock
was significantly higher after 4.5 hr incubation than after
2-hr incubation regardless of the pH of the extender. The
percentages of NAK for pH 5.9, 6.6 and 7.3 extended samples
were significantly higher afiter cold shock for samples incu-
bated for 7-hr than those incubated for #.5 hours. The per-
centages of WAK for pH 8.0 and 8.3 extended samples remained
at nearly the same level after a 7-hr incubation as for sam-—
ples incubated for 4.5 hours (Pursel et al., 1972b) .

Sugar composition did not significantly affect the per-
centage of NAR after coid shock following incubation at 30C
for 1 hour. However, for samples incubated for 5 hr, cold

shock resulted in significantliy lower percentages of HAK in



the extenders containing glucose or fructose than in the
extenders coutaining lactose, sucrose or raffinose. The
extender containing fructose had & sionificantly higher per-
cent RAK than tae extender containing giucose (Pursel et al.
1972b) . L significantly higher percentage of NAR was
observed after 5 hr incubation at 30C for samples extended
with 0% egg yolk added to Tris—-lactose extender than when
30% egyg yolk wes added or when 20% egg yolk was added (Pur-
sel et alt. 197zb).

Pursel et al. (1973a) found that washed boar spermato-
zoa head significantly higher percentages of NAR after S hr
incub&tion than after 3 hr incubation and a higher percent-
age after 3 hr incubation than 1 hr incubation. These
authors stated that the presence of seminal plasma provided
additional protection against cold shock when incubated gt
30C for poth 3 and 5 hours. Pursel et al. (1973a) proposed
that the adaitional protection was due to an interaction
between the spermatozoa and the seminal plasma during incu-
bation.

The percentages of FAR were higher for undiluted semen
incubated at 24 to 26C for 6.25 hr and 7.25 hr than for .25,
2.25 and 4.25 hours (Fursel et at. 1973c).

Extender pl, sugar composition and percent egg yolk did
not significantly affec the acrosome morphology during incu-
bation. The optimum incubation time appeared tc be about 6

hr at & 30C incubation temperature.



Effect of Incubation on Sperm Motility

Several preliminary +trials conducted by Dziuk (1958)
indicated that either raw semen or diluted for 1less than
four hours semen could be satisfactoriiy incubated at rocnm
tenperature. However, incubation at roow temperature for &
hr or more prior to cooling reduced subseqguent sperm motil-
ity.

Benson et al. (1967) incubated diluted semen for 5
hours. Samples for percent progressively motile sperm were
estimated initially and at hourly intervals during the incu-
bation period. The mean percent motility decreased from 79%
to 53% during the first hour of incubation; decreased slowly
from 53% to 40% from 1 to 4 hr; and then decreased rapidly
from 40% to 28% during the final hour oif the incubation
(Benson et ale., 1967) . Similar results were reported by
Singleton and Shelby (i1972) . Those avthors found that the
mean percent progressive motility decreased from 79% to 49%
during the 3 hr incubation pericd at 38C.

Pursel et al. (1972z2) reported that the percent motil-
ity of extended boar spermatozoa after cold shock was sig-
nificantly lower for samples incubated at 20C for 1 hr than
for the samples incubated for 3 and 5 hours. Pursel et al.
(1972b) found that extenders with pH of 7.3, &.0 and 8.3 had
significantly higher percentages of motile spermatozoa when

cold snocked after 2 hr incubation than extenders with pH of
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5.9 and 6.6. tHowever, the vercent motility after cold shock
was significantly higher after 4.5 hour incubations than
after two hour»incubations for all extender pH's. These
authors alsc found no significant differences in percent
motility among semren extenders due to sugar composition.
However, percent wotility was significantly higher when cold
shocked after 5 &kr incubations than after 1 hr incubations
for ali extenders (Pursel et al., 1972b) . In the same
study, Pursel gt al. (19725) reported that the addition of
0 to 30% egg yolk to a Tris-lactose-citric acid had no
effect on percent motility after cold shock following either
a 1 or 5 hr incubation. The percent motility was signifi-
cantiy higher when sanmples were cold shocked after 5 hr
incubations than after 1 hr incubations for all levels of
egqg yolk (Pursel et al., 1972b). Similar effects of incuba-
tion at 30C on sperm motility have been reported by Pursel
et al. (1973a,c). 1In both studies ﬁhe percentages of spern
motility increased as the incubation time at 30C increased.
The optimum incubation conditions appear to be 30C for
6 hours. Extender pH, sugar composition and percent egg
yolk did not significantly affect the sperm motility during

incubatiorn.
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Cooling Rate

Polge (1950a) stated that when whole undiluted semen
was cooled from 20C to 5C over a & hr period, very few spern
cells were aiive after 24 hr storage. Dziuk (1958) cooled
raw semen to 7rToom temperature in approximately 1 hr and
diluted it at room temperature. Semen that was to be stored
at 7C was cooled from room temperature to 7C at a rate of
less than 5C/hour. This cooling period was based on results
of preliminary trials which 1indicated that sperm motility
was reduced atter storage if semen was cooled at a faster
rate (Dziuk 1958).

Boender (1966) reported the rapid decrease in viable
spermatozoa at tewperatures below 15C even when semen was
cooled at 1C/5 wminutes. He advised that a cryoprotectant
such as e¢g yolk be sdded and the temperature of the semen
be reduced to 15 to 20C as soon as possible. The cooling of
the extended semen was then done at a rate of 1C/1 or 2 min-
utes. Boender (1966) stated that if the above procedures
were followed there were no cold shock effects. However,
Pursei et ail. (1973c) reported that cold damage was an
important factor during storage at 5C even thoughk cooling

from room temperature to 5C was done over a 2 hr period.
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Antibiotics

History of Antibiotic Usage

The most commoniy used antibiotics in boar semen exten-
ders are a compination of penicillin and streptomycin (Polge
1956a; kamdai and Hogset, 1957; Dziuk, 1958; Dziuk and Hen-
shaw, 1958; Stratwman et al. 1958; du Mesnil du Buisson and
Dauzier, 1958; Stratman and Self, 1961; Benson et al., 1967;
Foley et al., 1967, Pursel et al., 1973bc). The antibiotic
sulphanilamide was added to a boar semen extender according
to Noil (1950). In addition to the combination of pencillin
and streptomycin sulphanilamide was added to the IVT exten-
der (du Mensil du Buisson and Dauzier, 1958).

Effects of Antibiotics on Sperm Motility

Dziuk (1958) diluted 23 semen samples with extender
containing penicilliin and streptomycin. Of the semen sam-
ples stored st 16C the sampies which contained antibiotics
had higher motiiity than those not containing antibiotics
(Dziuk, 1958).

Waltz et al. (1968) found and identified eight genera
of bacteria present in fresh boar semen. The bacteria gta-
phylococci were found rost fregquently. These organisms were
found in the semen of all Dboars. When 16 antibacterial
agents were tested with extended semen stored at 16C for 72

hr, erythromycin, polymeixin B, neomycin, tylosin and sulfa-
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diazine were most effective in bacterial control. Spern
motility was highest after storage in extenders containing
neomycin, polymixin B and sulfadiazine (Waltz et ai. 1968).

Bffects of Antibiotics om Fertility

Polge (1$56a) extended boar semen in a yolk-glycine
extender with and without the antibiotic combination of pen-
icillin and streptomvycin. These samples were stored at 5C
for 2 to 6 hr, 24 to 30 hr and 3 to 5 days. When gilts
were inserinated with semen stored for 2 o 6 hr, the semen
diluted with extender containing the antibiotics resulted in
a 50% pregnancy rate compared with a 35.7% pregnancy rate
for semen diluted without the antibiotics (Polge 1956a).
When sows were insemninated with semen processed the sane
way, the semen which contained the antibiotics resulted in a
7%% pregnancy rate compared with a #5.5% pregnancy rate for
semen without antibiotics. When semen was stored for 24 to
30 hr, the pregnancy rate for samples containing antibiotics
decreased to 33.3% and to 28.6% for samples without antibi-
otics. After storage for 3 to 5 days, Polige (1956a)
reported & 0% pregnancy rate when gilts were bred with semen
containing antibiotics compared to 21.4% for semen without
antibiotics.

Dziuvk and Benshaw (1958) stored diluted semen at 7C for
1, 2 and 3 days. These authors reported pregnancy rates of

56, 5, % and 42% for fresh, undiluted semen and diluted
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semen stored for 1, 2 and 3 days, respectively. They
proposed tnat the increased pregnancy rate which resulted
from semen stcored for 3 days compared with semen stored for
2 days might have been due +to the additions of penicillin
and streptomycin to the semen stored for 3 days.

The addition of antibiotics to semen extenders appears

to have a benetficial effect on fertility.

Sperm Enzymes

Basic Aspects of Fertilization

S

Mammaiian fertilization requires sperm pehetration
through the iunvestments surrounding the ovum. These invest-
ments may include some or all of the following: cumulus
oophorus; corona radiesta; zona peliucide; and vitelline mem-—
brane. The penetration of these investments is facilitated
by the hydrolytic enzymes from the acrosome.

buring spermiogenesis, +the Golgi apparatus produces
remprane bound vesicles called proacrosomal granules. These
proacrosomal vesicles coalesce to form a single acrosomic
granule which is located outside the nuclear membrane in the
anterior region of the sperm cell. With further develop-
ment, the acrosomic granule spreads over the anterior hdlf
to two—thirds of the nucleus forming a cap-like structure

known as the acrosonme. This acrosome consists of an inner
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and an outer acroscomal mewbrane enclosing the acrosomal
matrix. The entire acrosome is enclosed within the sperm
plasma membrane.

Before ejaculated spermatozoa are capable of fertiliza-
tion, they must undergo a process known as capacitation.
Capacitation was first described independently by Austin
(1951) and by Chang (1951) . These authors reported that the
sperm of fertile ravbits and rats must first reside in the
feraie reproductive tract for some hours before the spern
were able to penetrate the =zona peliucida. Cornett et al.
(197Y) defined capacitation as those changes, whose nature
is unknown, that must have taken place in the sperm cell
before the cellis could undergo the "true®™ acrosome reaction.
The "true" acrosome reaction involves the progressive mem-
prane fusion of the sgperm plasma membrane and the underlying
outer acrosomal membrane which ieads to vesiculation and the
exposure of +the acrosomal enzymes (Bedford, 1970) . The
"false®™® acrosone reaction is a random loss of the sperm
plasms membrane and the outer acrosomal membrane usually
seen as a feature of degenerative breakdown (Bedford, 11970).
The "irue®" acrosome reaction allows for a gradual release of
the enzymes required for penetration of the cumuius oophorus
and the corona radiata. The outer vesicules are lost before
the zona pellucida is penetrated. The sperm cell, now bound

anteriorly by the inner acrosomal membrane, penetrates the



zona peilucida and aligns with the vitelline nmembrane. The
microvillii on the ovum plasma membrane surround the spern
head and the plasma membrane of the sperm and the ovur fuse
beginning along the postacrosomal region of the sperm.head.
At the time of sperm penetration the ovum is activated and
responds by the resumption of the second meiotic division
and emission of +the second polar kody and by the induction
of hiocks to polysperwmy, the zona reaction and the vitelline
block. The blocks to polyspermy involve the loss of permea-
bility at the zona pellucida @nd alterations in the surface
of the ovume.

The ovum now contains a male pronucleus and a female
pronucleus which wundergo growth and enlargement. The two
pronuclei move toward each other and come into contact. The
two pronuclei undergo the process of syngamye. The nuclear
envelopes of each pronucieus break down and disappear
resulting in the condenssation and assembly of the two groups
of chromosomes. This ends the process of fertilization with
the development of the zygote.

Acrosomal Hyaluronidase

In & review on the biocnemistry of fertilization, McRo-
rie and Williams (1974) reported that hyaluronidase was the
most readily released sperm enzyme. Hyaluronidase functions
to digest the hyaliluronic acid found between the cells of the

cumulus oophorus (#ckorie and Williams 1974). The function



of acrosomal hyaluronidase was supported by the results of
tietz (1973), who reported that the penetration of cumulus
oophorus celis of the rabbit ova was Dblocked by antibodies
to rabbit hyaluronidase.

ficRorie and Williiams (1974) reported that intact rabbit
sperm agglutinzted in the presence of anti-hyaluronidase
antibody. This suggested that a portion of the hyaluroni-
dase was located on the piasma membrane. Horton (1975) used
an immenochemical, ronospecific antibody for purified ram
spern hyaluronidase to determine the 1location of this
enzyme. Foliowing treatment with the anti-hyaluronidase
antibody, intact ram spermatozoa were stained over the ante-
rior region of the head, with the periphery of this region
more densely steained (Morton, 1975). Kam sperm were sub-
jected to hypotonric shock following freezing and thawing to
disrupt the plasms membrane and the outer acrosomal membrane
and to release the acrosomal contents. When these cells
were exposed to the anti-hyaluronidase antibody there was a
marked reduction in the staining of the sperm head. These
results sugoested that the major portion of hyaluronidase
was located within the acrosomal contents and outer mem-
branes (Morton, 1%75). 6Gould and Bernstein (1973) localized
hyaluronidase with the electron microscope using immunochem-
ical techniques. They suggested that the major portion of

sperm hysaluronidase was located in the acrosomal matrix.
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Zaneveld et al. (1973) demonstrated that bull sperm
acrosomal hysiuronidase was 1dentical to bull testicular
hyaluronidase and both were ditferent from lysososomal hya-
luronidase present in organs other than the testes. Bull
sperm hyzluronidase had an optimum pH of 3.75 and was unsta-
ble at a pH below 3.0 or temperatures above 50C. The enzyme
required salt for stability and activity (Zaneveld et al.
1973) . Using & Sephadex G-100 column, Zaneveld et al.
(1973) estimzted that the moiecular weight of the bull sperm
acrosomal hyaluronidase was 110,000 daltomns. In contrast,
Yang and Srivastava (1974) reported that the pH optimum of
ram acrosomal hyaluronidase was 4.3 and the molecular weight
was estimated at 62,000 daltons. Yang and Srivastava (1974)
proposed that Zaneveld et al. (1973) had estimated the
molecular weight of a dimer of the bull acrosomal hyaluroni-
dase used in that study.

ARcrosomal hyvaluronidase is a readily released spern
enzyme that is lccated on the outer acrosomal membrane and
in the acrosoral matrix. It functions by digesting the hya-
luranic acid found between the cells of the cumulius oopho-
rus.

Corona Penetrating Enzyhke

Initially, Zaneveld et al. (1968, 1969) reported the
discovery of a sperm enzywme that dispersed the cells of the

corona radiata but had no effect on the zona pellucida.
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These early reports designated this enzyme corona-removing
enzymne. However, Zaneveld and Williams (1970}y changed the
name to corona penetrating enzyme (CPE) to more properly
describe the function of the enzyme in fertilization. They
stated that CPE functioned by dissolving the intercellular
material between the cells of the corona radiata in a manner
similar to the action of hyaluronidase on the «c¢ells of the
cumulus ocophorus.

McRorie and Wiliiams (1974) stated that Tiilman (1572)
found CPE activity in the acrosomes of the rabbit, bull,
human, stallion and poar. HcRorie and Williams (1974) also
stated that CPE was demonstrated +to be distinct from hyalu-

ronidase and acrosin.

Meizel (1972) didentified an inactive zymogen precursor
to acrosin in rabbit testis extractse. This precursor was
termed proacrosine. Meizel and Mukeriji (1975) extracted
proacrosin from rabbit cauda epididymal spermatozoa. These
autiiors vrTeported that rabbit proacrosin had a molecular
weight of 73,000 daltons and complete autoactivation of
proacrosin resulted in the production of acrosin with =a
molecular weight of 3,000 daltons. The autoactivation of
proacrosin to acrosin was stimulated by Ca+* and inhibited

by zZn++ (Meizel and Mukerji 1975).
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Rarrison and Brown (1979) reported that +the inactive
Zymogen, proacrosin, was the only form of acrosin within
intact mature ram spermatozoa. The molecular weiuht of ram
proacrosin was estimated at 60,000, using gel chromatography
and at 51,300, using sodium dodecyl sulfate-polyacryiamide
gel electrophoresis. When the molecular weights of ram
proacrosin were compared with the molecular weights of ram
acrosin (44,000 and 40,000 daltons, using the two methods,
respectively), Harrison and Brown (1979) indicated that a
single acrosin molecule was derived from a single proacrosin
molecule.

Polakoski (1974) reported that proacrosin accounted for
alwost all of the acrosin in freshly ejaculated boar sperna-
tozoa. In contrast to the findings reported for other spec-
ies, Polakoski and Parrish (1977) reported that twoc forms of
proacrosin were purified from ejaculated boar sperme. Using
sodium dodecyl sulfazte gel electrophoresis they estimated
that the molecular weights of the two forms were 55,000 and
53,000 daltouns.

Conversion of Proacrosia to Acrosin

Polakoski and Parrish (1977) reported a subsequent deg-
radation of the two forms of boar proacrosin prior to the
detection of acrosin activity. Boar acrosin was found in
three active forms; cA-—-acrosin, B-—acrosin and 'K-acrosin.

The molecuiar weights for the +three forms of acrosin were



4¢,000, 34,000 and 25,000 daltons, respectively (Polakoski
and Parrish, 1977). McRorie et al. (1976) reported the
presence of a non-acrosin metalioproteinase in spern
extracts calied acrolysin that initiated the conversion of
the larger form of proacrosin to the smalier form of boar
proacrosin. However, results reported by Harrison and Brown
(1979) indiceted that rex proacrosin was autoactivatable and
involved no auxiliary enzyme.

Polakoski et al. (1979) found that 70 to 80% of the
proacrosin was converted to acrosin in sperr celis incubated
in utero for 120 win, while less than 3% of the proacrosin
was converted to acrosin in the sperm incubated in the cal-
ciumn-free ringer—-fructose buffer at 37C. The first form of
active acrosin obtained from sperm incubated in utero was
the ol -acrosin (molecular weight 49,000) which was followed
by the appearance of B-acrosin (molecular weight, 34,000
daltons, Polakoski et al. 1979) . Since only 3% of the
proacrosin was converted to acrosin in sperm cells incubated
in vitro, Polakoski et al. (1979) suggested that the female
reproductive tract or its fiuids played an active role in
the conversion of proacrosin to acrosin.

Wwincek et al. (1979) isolated a factor present in ute-
rine flushings of gilts that stimulated the conversion of
highly purified boar proacrosin to acrosin in vitro. Char-

acterization of this factor from uterine flushings indicated
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that the active component was a glycosaminoglycan (Wincek et
al., 1979). Parrish et ail. (1979b) obtained glycosamino-
glycans from shark cartilage, whale cartilage, porcine
intestinal mucosa, porcine skin and human wumbilical cord.
Glycesaminogiycans frow each source stimulated the in wvitro
conversion of highly purified boar proacrosin to o{ -acrosin.
These results demonstrated that the glycosarinoglycan stimu-
lation of the proacrosin to acrosin conversion was a general
phenomencn that was not species or organ specific (Parrish
et al., 1979b).

Parrish and Polakoski (1977) demonstrated that polya-
rines, particularly spermine, stabilized and stimulated the
enzymatic activity of boar acrosin and inhibited the autoac-
tivation of boar proacrosin t©o acrosin. Spermine protected
acrosin against autoproteolysis. The order of effective-
ness, in decreasing rank, of the polyamines added was sper-—
mine, spermidine, cadaverine, putresceine and
1,3-diaminopropane. Parrisn and Polakoski (1977) suggested
that polyamines could serve as in yvivo modulators of the
proteclytic activity of acrosin and the activation of proa-
crosin. Similar results were reported by Parrish et al.
(197%a) for the effect of polyamines on the conversion of
human proacrosin to acrosin.

The conversion of proacrosin to acrosin is stimulated
by glycosaminoglycans and is inhibited by polyamines, espe-

cially spermine.
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Bedford (1970) discussed the existence of a factor that
faciiitated the passage of sperm through the zona pellucida.
This factor was termed zona lysin. However the definite
nature of zona lysin was unknown.

Zaneveld et al. (1972) obtained a highly purified pro-
teolytic enzyme from rabbit sperm acrosomes. This proteo-
lytic enzyme was termed acrosin and was found to be
essential for penetration of the zona pellucida by spermato-—
zoa. Working in the same laboratory, Polakoski et al.
(1972) estiwated +that the molecular weight of the highly
purified rabbit acrosin was 55,000 daltons by Sephadex chro-
matography.

Zaneveld et al. {(1975) reported that acrosin hydro-
lyzed the amine and ester derivations of both arginine and
lysine. Substrates that contained arginine were hydrolyzed
at a faster rate than those that contained lysine.

Polakoski and HcRorie (1973) also reported that boar
acrosin exhibited amidase, esterase and proteinase activity
on substrates that contained arginyl and lysyl residues.
They determined that highly purified preparations of boar
acrosin had endopeptidase activity and cleaved only the car-
boxyl bonds of arginine and lysine, with a strong preference
for argyinine bonds. Acrosin was inhibited by diisepropyl

fluorophosphate and tosyl lysine chloromethyl ketone. Pola-
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koski and McRorie (1973) proposed +that this inhibition
indicated that serine and histidine residues were present in
the active site.

In 1978, Parrish and Polakoski characterized the prop-
erties of boar o -acrosin, the initial active enzyme that
resulted from the conversion of proacrosin to acrogin. They
indiceted thet the properties of oKL -acrosin and B-acrosin
were very similar even though the estimated wolecular
weights differed by approximately 15,000 daltons. Parrish
and Polakoski (19738) suggested that the portion of the mole-
cule iost during the conversion contributed little +to the
spacial arrangement of either the active site or regulatory
sites of the enzywre.

Srivastava et al. (1974) selectively removed the acro-
somal membranes and acrosomal enzymes of ram spermatozoz.
These authors reported that vesiculation and fragmentation
of the plasma memnbrane ahd outer acrosomal membrane released
hyaluronidase and corona penetrating enzyme. Subseguent
detergent extraction of the inner acrosomal membrane and the
electron dense material from the equatorial segment dis-
solved the zona pellucida. Their results indicated that the
location of the acrosin of ram sperm was the inner acrosomal
membrane or the eguatorial segment.

Morton (1975) used an immunochemical antibody technique

to locate acrosin in ram spermatozoa. When whole sperm cell



preparations were treated with antiacrosin antibody, the
sperm cells wvere more densely stained in the equatorial
region of the head and staining extended further down the
sperk head. A more exact location of acrosin was obtained
by removing the plasma membrane and the outer acrosomal mem-
brane with a subsequent release of the acrosomal contents.
Following removal of these membranes, sperm cells were
treated with antiacrosin antibody and approximately 80% of
the acrosin activity remained bound to the inner acrosomal
membrane (Morton, 1975).

Iin contrast to the findings of Srivastava et ail.
(1974) and Mortonm (1975), Shams-Borhan et al. (197%)
reported that acrosin was not pound to the inner acrosomal
membrane of bull spermatozoa. Shams-Borhan et al. (1979)
used a ferritin-conjugated soybean trypsin inhibitor to
locate acrosin following acrosomal disruption. The ferritin
label was not found on intact sperm cells. Ferritin parti-
cles vwere found uniformly amid +the acrosomal matrix. When
the acrosomsal meirix was not present, ferritin label was
observed on the external surface of the outer acrosomal mem-—
branee. However, these workers reported that at no time was
the ferritin label found on the inner acrosomal membrane.

Acrosin is a proteolytic ensyme which penetrates the
zona pellucida of the ova. It 1is believed to be located

bound to the inner acrosomal mexbrane.
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Naturally Occurring icrogsin Inhipitors

Zaneveld et al. (1969} reported that at the time of
ejaculation mammalian sperm interacted with seminal plasma
and bound proteinase' inhibitors. These inhibitors were
removed or inactivated and allowed sperm to digest a path
througn the zona pelucida of the ovum. These inhibitors
were not present 1in capacitated spermatozoa, therefore,
these inhibitors were removed while sperm were in the female
reproductive tract (zaneveld et al. 1969).

Polakoski and williams (1974) isolated five proteinase
inhibitors from boar serinal plasma and purified three of
these inhibitors to homogeneity. They estimated that the
nolecular weights were 1600, 13400, 6800 and 5800 daltons
for the second, third, fourth and f£ifth inhibitors, respec-
tively. The molecular weight of the first inhibitor was not
determinede.

In the same study, Polakoski and Williams (1974) demon-—
strated the presence of three proteinase inhibitors in boar
sperm acrosoumal preparations. The molecular weight of these
inhibitors were estimated to be 13400, 6800 and 1600 dal-
tons. However, further characterization of these inhibitors
was not undertaken due to the very small amount of starting
material.

The third seminal plasma inhibitor weas used to deter-

mine the effect of proteinase inhibitors on fertility.



Capacitated rabbit sperm were treated with the inhibitor and
their ability to fertilize ova was determined in wvivo and in
vitro. Polakoski and Wiliiams (1974) reported that the pure
inhibitor prevented fertilization by capacitated sperm. No
treated sperm cells were found in the perivitelline space.
This indicated that +the block to fertilization prevented
sperm passage through the zonz pellucida. However, ova
exposed to the untreated sperrk had sperm ceils in the peri-
vitelline space (Polakoski and Williams, 1974).

Polakoski et al. (1971) reported that ipn vitro incuba-
tion of ejaculated boer sperm at pH 3 dissociated the acro-
sin-acrosin inkibitor complex.

Fritz et al. (1975) proposed that the ip wivo function
of acrosin inhibitors in the male was to rapidly neutralize
the enzvmatic potential of acrosin if acrosin was released
before mating or capacitation in the female reproductive

tract.



Chapter III. EXPERIMENTAL PKOCEDUKES

This study consisted of twe phases. Phase I involved
the evaluation of extenders and the development of extender
systenrs. In phgse II we ¢valuated the fertilizing capacity
for that extender and extender systewm frorm Phase I that

maintained the highest level of cellular inteqrity.

Preiimipary Studies

In & preliminary study, five boars trained for semen
collection from a "dummy sow"™ were collected using the
gloved-hand technique (Hancock and Hovell, 1959). Eighty-
three ejaculates wvere colliected and used to calibrate a
Bausch and Lomb photoelectric colorimeter (Spectrophotometer
20) for the determination of sperm concentration, using the
procedures outlined by Crabo (14978, personal communication).

This preliminary study was conducted to: determine the
total measurable amount of acrosin activity released; and to
evaluate the effect of freezing on acrosin activity. The
sperm-rich fraction of an ejaculate was extended in Dboth
Beltsville L2 and Purdue extender to approximately 1x10°
cells/milliliter. These samples were sonicated for 1 min to
disrupt the cells. The samples were then centrifuged at

10,0006 for 10 min. to remove the cellular debris. The
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supernatants were then split into four aliguots and either

assayed the same day or frozenn and assayed at weekly inter-

vals. The samples were processed and assayed according to
the procedures described by Polakoski et al. (1971) and

Parrisn and Folakoski (1978).

Experirental Design

The factorial treatments consisted of: 1) extenders
(Beltsville LZ, Pursel et ai., 1973c versus Purdue extender,

Foley et al., 1567 as modified by Pursei

et al., 1974); 2)
in

extender antibiotics (potassium penicill G and dihydros-
treptonycin sulfate versus gentarmicin)j; 3) cooling rate (two
versus four wours); and 4) storage temperature (5C versus
15C) . BEach of the 16 treatment combinations was sanpled at
ten 12 hr intervals for each ejaculate. The effects of boar
and ejaculate were random and all rewmaining effects were
fixede. The composition of extenders wused in this study is
presented in tabie 1.

Experimental Procedur

7

Three mature Yorkshire boars were used in this study.
The sperm-rich fractiocn of each ejaculate was collected into
an insulated bottle Dby the metnod previousliy described and

strained tarough two layers of cheesecloth into a beaker to



remove the gel particles. The beaker was then placed in a
37C weterbath. The edjaculate was evaluated for volume, con-
centration and the percentage of sperm with progressive for-
ward motility. Equal amounts of semen Were extended at 37C
in each of the 16 treatment combinations and held in 250 ml
¥rlenmeyer flaska with rubber stoppers. The temperature
difference between the semen and the extenders vwas not
greater than 1C. Prior to cooling the extended semen was
incubated at 30C for € hours.

After the incubation period, the semen was cooled in
either 2 or 4 hr and stored at either 5C or 15C for 108
hours. The evaluation of stored semen consisted of an ini-
tial evaluation for: 1) the percentage of acrosomes with
normal apical ridges (Pursel et al. 1972a)

2y the percentage of cells with either progressive for-
ward motility or vibrational and/or rotational motility; and
3) the acrosin activity of the supernatant at the end of the
cooling period. The same parameters were measured at 1Z2-hr
intervals for 108 hours.

At each sampling interval three samples were taken.
The sample for motility estimetes was placed in a 37C water-
bath for cne hour prior to evaluation. Hotility estimates
were pade using an American Optical 160 1light microscope.
Each estimate was an average based on a composite Jjudgement

of the motility observed from five fields of view. Sperm
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TABLE 1
COMPOSITION OF EXTENDERS

Ingredienta Beltsville L2de Purduebce
Glucose (g) 25.0 13.0
Tris (hydroxymethyl) aminomethante (g) 20.0
Citric acid monohydrate (g) 1.0
Sodium citrate dihydrate (g) 14.0
Sodium bicarbonate (g) : 1.5
- Potassium chloride (g) .3

aIngredients dissolved and brought to one liter with deionized water.

bDihydrostreptomycin sulfate and potassium pengcillin G were added to
the "original" extenders at 1 gram and 1 x 10° IU per Tliter,
respectively.

CGentamicin sulfate was substituted for the combination of streptomycin
and penicillin at .05 g/1, respectively.

dThe pH of semen extended with Beltsville L2 was 7.1.

®The pH of semen extended with Purdue was 8.3.



motility was classified as either progressive forward
motility or as vibrational and/or rotational motility.
Motility estimates were not conducted by the same person at
each sampling interval.

The sample for evaluating acrosomal integrity was fixed
in a .V glutarsldehyde solution according to the procedures
described by Pursel and Johnson (1974) . Two counts of 100
acrosomes each were done within fourteen days on fixed sam-
ples. Acrosomes were classified according to the presence
or absence of a normal apicai ridge using a Zeiss differen-
tial interference microscope at 1250x magnification. The
percentage of acrosomes with normal apical ridges was deter-—
mined by the same person for all samples.

A third samnple was taken at esch intervali, centrifuged
and the supernatant removed. Approximately 1 ml of a 1
ng/nl solution of bovine serum albumin (Grade V; Sigma Chem-—
ical Co., St. Louis, MO) was added to the supermnatant to
prevent autocatalysis of acrosin. The supernatant was
adjusted to pH 2.5 +to 3.0 using 1.0 M HCI, and frozen for
later acrosin analysis. Prior +to acrosin analysis sampiles
were thawed and incubated in a waterbath at 37C for 15 min-
utes. This acidic incubation of these samrples dissociated
the acrosin-acrosin inhibitor complex 1in ejaculated boar
semen (Polakoski et al. 1971 . Following this incubation

———

samples were placed on ice.



Ecrosin activity was measured spectrophotometrically
using a Giiford modei 150 kinetic recording spectrophotome-
ter and a 30C waterbath according to the procedures
described by Parrish and PFolakoski (1978) . The assays were
performed at pH 8.0 in a 1 wl reaction volume that contained
.05 mi of 1 molar Tris/HCL, .5 milliliters of .1 M calcium
chloride and .01 ml of .1 ¥ N-oA-benzoyl-L-arginine ethyles-
ter HCi. Fifty ul of the supernatant was added to the reac-
tion mixture and the hydrolysis of the substrate was

monitored at 253 nanometers.

Experimental Desian

Twenty prepubertal crosspbred gilts, approximately o6
months of age, were used to evaluate the fertilizing capac-
ity for that extender and extender system from Phase I that_
maintained the highest level of celiular integritye. Four
gilts were assigned to each of five semen age groups. These
age groups consisted of semen that was processed and stored
for either: 1y 0 and 12 hours; 2) 24 and 36 hours; 3) 48 and
60 hours; 4) 72 and 84 hours; and 5)96 and 108 hours.

Experikental Procedures

The time of ovulation was induced to facilitate the

breeding of gilts with semen of five age groups. Gilts were
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injected with 75C 10 of pregnant mare serum gonadotropin
(PMSG; Sigma Chemical Co., St. Louis, M0) designated as time
zero and with 500 IU of humen chorionic gonadotropin (HCG;
Henry Schein Inc.; Port Washington, RY) 80 hours later.
Poliowing the injection of PMSG, gilts were checked twice
daily for estrus with an intact mature boar. If a giit was
detected in estrus afver the PHSG injection and before 80
hours, HCG was given at the time that estrus was detected
and bred 12 and 24 hours follcowing BCG injection. If estrus
was not detected before 80 hours, HCG was administered at 80
hours and the gilt was bred 24 and 36 hours following HCG
injection. Ovulation was assumed to occur at 40 aAr follow-
ing HCG injection. k1l females were inseminated twice with
approximately 4x10¢ sperm cells in a volume of 100 millili-
ters. The day of the first breeding was designated day
ZEro.

Ova were surgically flushed from the uterus using .9%
saline at five days following the first insemination. Eggs
were recovered and piaced on a microscope slide under a cov-
ersiip supported by two Dbeads of paraffin-vaseline mixture.
Ova were cleared for 12 to 24 hours, using a solution of one
part glacial acetic acid and three parts absolute ethanoi.
Ova were then stained with a small amount of 1% orcein in
45% acetic acid for 12 to 24 hours. Prior to examination,

excess stain was removed with 45% acetic acid (Duane David
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1961, personal communication). Ova Wwere examined for the
presence of a single nucleus in each Dblastomere using a
Zeiss differential interference contrast microscope.

The percentace of ova recovered was determined based
upon the number of ova found in the flushing medium divided
by the number of corpora lutea on the ovaries. The fertili-
zation rate was determined by +the number of normally ferti-
lized ova divided by the total number of ova recovered.
Formally fertilized ova were defined as having a single
nucleus in each blastomere and a symetrical stage of cleav-

age.
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Data in this study vwere analyzed statistically using
appropriate tests. These included means and standard devia-
tions, gnalysis oi variance, simple and partial correliations

and regression analysis (Sokal and Rohlf, 1969; and Barr et

al., 1976 and 1579).



Chepter Iv. RESULTS

Acrosome forphology

Tables £ through S present the mean values for the per-
centage of normal apical ridge acrosomes (NAR) for the 16
treatment combinations defined by the four treatment
effects; namely, extender, antibiotic, cooling rate and
storage temperature. The means for NKAR show that within
each treatment combination there was a decrease (P<.05) in
percent KAK as storace time increased. Within an extender,
antibiotic and cooling rate, the percent NAR was generally
higher at each storage time for semen stored at 15C than at
5C.

“he analysis of variance for normal apical ridge acro-
somes is presented in appendix table 1. Least—-squares means
and standard errors of the treatment effects and selected
two-way treatment effect interactions for NAR are presented
in table 10. Extender, antibictic, cooling rate and storage
temperature did not significantly affect the percentage of
KAR (P<.05). The interactiocn between antibiotic and storage
temnperature wes significant (¥<.01). At 15C, +the combina-

tion of peniciliin/streptomycin was higher than gentamicin



TABLE 2
MEAN VALUES FOR PERCENT NORMAL APICAL RIDGE ACROSOMES EXTENDED WITH BELTSVILLE L2
CONTAINING PENICILLIN/STREPTOMYCIN WITH A TWO HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5C 15 C
‘ Mean Standard Deviation Mean Standard Deviation
0 69.22 10.8 74.7° 7.9
12 : 54.1 17.4 75.7 9.9
24 45.6 15.4 74.2 8.4
36 42.5 15.2 65.9 14.1
48 44.5 14.7 66.0 17.6
60 34.3 11.8 53.0 18.1
72 33.3 . 17.9 53.2 17.6
84 31.8 14.0 47.8 12.9
96 31.8 12.1 43.7 . 14.2
108 24.3 6.8 39.6 14.7

Gg

3Number of observations = 6.



TABLE 3
MEAN VALUES FOR PERCENT NORMAL APICAL RIDGE ACROSOMES EXTENDED WITH BELTSVILLE L2
CONTAINING PENCILLIN/STREPTOMYCIN WITH A FOUR HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5C 15 C
Mean Standard Deviation Mean Standard Deviation

0 68.7° 16.0 74.1° 14.7
12 53.5 20.1 70.0 8.2
24 50.6 17.4 64.7 15.6
36 47.0 18.1 67.1 16.3
48 45.7 12.7 59.2 15.3
60 38.2 15.7 55.7 19.5
72 41.3 15.4 47.3 21.0
84 28.7 14.2 39.3 18.5
96 29.8 8.6 40.6 17.3
108 21.9 9.4 33.8 13.3

99

aNumber of observations = 6.



TABLE 4

MEAN VALUES FOR PERCENT NORMAL APICAL RIDGE ACROSOMES EXTENDED WITH BELTSVILLE L2
CONTAINING GENTAMICIN WITH A TWO HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation
0 67.5° 12.3 n.3? 11.0
12 56.8 17.9 73.2 12.1
24 49.3 17.2 67.8 12.5
36 49.5 15.3 63.8 16.4
48 49.2 17.8 60.3 16.4
60 44.4 20.1 51.0 17.8
72 35.3 16.9 49.9 19.2
84 37.8 17.9 47.0 12.1
96 32.0 11.5 40.8 14.2
108 25.3 13.4 31.0 14.3

LS

aNumber of observations = 6.



TABLE 5

MEAN VALUES FOR PERCENT NORMAL APICAL RIDGE ACROSOMES EXTENDED WITH BELTSVILLE L2
CONTAINING GENTAMICIN WITH A FOUR HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5C 15 ¢
Mean Standard Deviation Mean Standard Deviation

0 68.6° 16.1 71.9° 17.3
12 53.9 14.3 74.9 11.4
24 49.3 18.3 68.5 13.0
36 44.9 19.0 61.3 19.4
48 45.3 25.9 55.8 14.0
60 39.2 17.9 51.5 16.8
72 35.8 10.5 51.0 13.1
84 32.5 12.0 40.7 8.4
96 28.3 13.1 37.8 11.6
108 27.8 17.3 32.7 12.0

89

aNumber of observations = 6.



TABLE 6

MEAN VALUES FOR PERCENT NORMAL APICAL RIDGE ACROSOMES EXTENDED WITH PURDUE
CONTAINING PENICILLIN/STREPTOMYCIN WITH A.TWO HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5C 15 C
Mean Standard Deviation Mean Standard Deviation
0 71.5° 13.5 81.2° 6.0
12 52.2 18.0 76.3 13.8
24 47.0 17.5 72.8 12.8
36 45.6 17.4 72.9 7.0
48 47.3 19.7 75.4 8.4
60 41.3 17.9 68.5 12.6
72 38.6 15.1 67.5 12.8
84 37.1 13.6 58.9 r 8.3
96 34.1 9.6 54.7 8.7
108 28.8 10.5 50.2 12.9

65

eNumber of observations = 6.



TABLE 7

MEAN VALUES FOR PERCENT NORMAL APICAL RIDGE ACROSOMES EXTENDED WITH PURDUE
CONTAINING PENICILLIN/STREPTOMYCIN WITH A FOUR HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation

0 72.8° 10.7 81.1° 8.9
12 53.8 22.2 79.3 8.2
24 51.8 11.9 78.2 6.9
36 50.8 16.5 76.3 7.5
48 49.0 17.4 73.6 8.6
60 44.7 12.3 66.3 13.1
72 38.3 11.6 67.8 14.3
84 37.4 10.1 61.4 9.8
96 37.6 9.0 58.5 10.1
108 33.0 10.2 46.1 12.3

aNumber of observations

6.



TABLE 8

MEAN VALUES FOR PERCENT NORMAL APICAL RIDGE ACROSOMES EXTENDED WITH PURDUE
CONTAINING GENTAMICIN WITH A TWO HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation

0 77.3° 9.2 80.7° 9.2
12 57.7 13.1 77.4 9.4
24 54.4 12.5 76.4 9.6
36 49.8 16.5 73.3 9.9
48 47.3 19.3 68.9 11.6
60 42.4 19.8 64.6 16.2
72 40.3 19.9 51.6 ) 20.2
84 _ 36.0 18.7 51.0 14.9
96 33.7 14.4 44.9 14.1
108 28.7 10.0 36.2 14.1

L9

aNumber of observations = 6.



TABLE 9

MEAN VALUE FOR PERCENT NORMAL APICAL RIDGE ACROSOMES EXTENDED WITH PURDUE
CONTAINING GENTAMICIN WITH A FOUR HOUR COOLING RATE

Storage Temperature

Storage Time 5C 15 C
Mean Standard Deviation Mean Standard Deviation
0 76.8° 11.0 80.5% 8.7
12 56.1 15.5 77.9 9.8
24 50.3 18.6 76.4 11.5
36 54.9 16.0 73.7 12.1
48 49.6 17.4 69.2 14.8
60 45.7 15.2 63.8 20.4
72 38.9 15.8 56.8 18.4
84 37.5 14.0 46.5 15.3
96 37.2 8.4 43.2 13.9
108 29.8 12.2 36.6 20.4

a9

aNumber of observations = 6.
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TABLE 10

LEAST-SQUARES MEANS AND STANDARD ERRORS FOR NORMAL
APTCAL RIDGE ACROSOMES

Acrosomes (%)

Item : LS Mean Standard Error
Extender
Beltsville L2 49,42 46
Purdue 55.92 :
Antibiotic
Penicillin/Streptomycin ' 53.27 46
Gentamicin 52.07 ’
Cooling Rate
Two Hours ' 52.74 46
Four Hours 52.59 :
Storage Temperature
5¢C 44,58 .
15 ¢ 60.76 -46
Antibiotic x Storage Temperature**
Pen/Strep x 5 C 43.73
Pen/Strep x 15 C , 62.80 65
Gentamicin x 5 C 45.42 :
Gentamicin x 15 C 58.71
Extender x Cooling Rate*
BL-2 x Two Hours 50.13
BL-2 x Four Hours 48.71 65
PE x Two Hours 55.36 :
PE x Four Hours 56.48
Extender x Storage Temperature**
BL-2 x 5 C 42.73
BL-2 x 15 C 56.10 65
PEx5C 46.42 :
PEx 15 C 65.41
* P < .05

** P < .01
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for WAR (figure 1); whereas, gentamicin was higher at 5C
than the peniciilin/streptomycin combination for NiK. The
interaction between extender and cooling rate was signifi-
cant (P<.05). A slightly higher percentage of NAK was found
when PE was cooled in 4 hr versus 2 hr (figure 2) . The con-
verse vas observed for the interaction between BLZ and cool-
ing rate. The interaction (figure 3) between extender and
storage temperature was significant (PK.01). At 5C and 15C
the percentage of NAR was higher for PE than BLZ. Within
each extender, a storage temperature of 15C was superior to
5C for percent ¥AR.

There was a siganificant affect of ejaculate within boar
on the percentage of NAR (P<.001). The second ejaculate
from each boar had & higher percentage of NAR than that of
the first ejaculate. The interactions betiween boar and
extender (P<.05) and boar and storage temperature (B<.01)
vere significant. There was a higher percentage of NAR for
semenl extended in PE than for semen extended in BLZ2 for each
boar. 2 higher percentage of WAR was observed when semen
vas stored at 15C than at 5C for each boar.

The regression of storage time on KAR was significant
(P<.05). The prediction equation is Y = 71.8267 - 1923 X +
-0001 X2 where Y is the predicted WAR; and X is the storage
time in hours. The regression of storage time X storage

temperature on NAR was significant (P<.001). The prediction
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TABLE 11

MEAN VALUES FOR ACROSIN ACTIVITY EXTENDED WITH BELTSVILLE L2 CONTAINING
PENICILLIN/STREPTOMYCIN WITH A TWO HOUR COOLING RATE®

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation

0 .0087° .0057 .0092" .0045

24 .0113 10084 .0085 .0051

48 011 .0064 .0096 .0052

72 .0128 .0080 - .0086 .0037

96 .0119 .0071 .0082 .0036

aActivity = micromoles/ml/min/1 x109 sperm cells.

bNumber of observations = 6.

89



TABLE 12

MEAN VALUES FOR ACROSIN ACTIVITY EXTENDED WITH BELTSVILLE L2 gONTAINING

PENICILLIN/STREPTOMYCIN WITH A FOUR HOUR COOLING RATE

Storage Time (Hours)

Storage Temperature

0
24
48
72
96

5¢C
Mean Standard Deviation
.0096” .0072
.0115 .0093
.0117 .0080
.0106 .0066
.0110 .0077

15 C
Mean Standard Deviation
o080 003
.0087 .0042
.0087 .0050
.0089 .0039
.0081 .0030

aActivity = micromoles/ml/min/1 x 109 sperm cells.

bNumber of observations = 6.

69



TABLE 13

MEAN VALUES FOR ACROSIN ACTIVITY EXTENDED WITH BELTSVILLE L2 CONTAINING
GENTAMICIN WITH A TWO HOUR COOLING RATE®.

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation
0 .0098" .0054 .0096” ©.0044
24 .0102 .0060 .0086 .0049
48 .0106 .0061 .0081 .0049
72 .0101 .0055 .0087 .0037
96 .0109 .0056 .0097 .0049

aActivity = micromoles/ml/min/1 x 109 sperm cells.

bNumber of observations = 6.

0L



TABLE 14

MEAN VALUES FOR ACROSIN ACTIVITY EXTENDED WITH BELTSVIL%E L2 CONTAINING
GENTAMICIN WITH A FOUR HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C : 15 C
Mean Standard Deviation Mean Standard Deviation

0 .0098P .0069 .0102° .0061

24 .0103 .0051 .0087 .0050

48 . .0106 .0055 .0089 .0046

72 .0010 .0056 .0085 .0041

96 .0111 .0057 .0079 .0033

L

aActivity = micromoles/ml/min/1 x 109 spem cells.

bNumber of observations = 6.



TABLE 15

MEAN VALUES FOR ACROSIN ACTIVITY EXTENDED WITH PURDUE CONTAINING
PENICILLIN/STREPTOMYCIN WITH A TWO HOUR COOLING RATE®

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation ‘
0 .0091P .0052 .0127° .0090
24 .0113 .0066 .0109 .0070
48 | .0126 .0068 L0111 .0074
72 .0131 .0080 .0103 .0061
96 .0130 .0048 .0105 .0057
9

aActivity = micromoles/ml/min/1 x 10° sperm cells.

bNumber of observations = 6.

el



TABLE 16

MEAN VALUES FOR ACROSIN ACTIVITY EXTENDED WITH PURDUE CONTAINING
PENICILLIN/STREPTOMYCIN WITH A FOUR HOUR COOLING RATE®

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation
0 .0098 .0058 .0119P .0094
24 .0094 .0055 .0112 .0078
48 .0107 .0073 .0108 .0068
72 .0010 .0039 .0096 .0053
96 « .0129 .0071 .0106 .0061

aActivity = micromoles/ml/min/1 x 109 sperm cells.

bNumber of observations = 6.

€L



TABLE 17

MEAN VALUES FOR ACROSIN ACTIVITY EXTENDED WITH PURDUE CONTAINING
GENTAMICIN WITH A TWO HOUR COOLING RATEQ

Storage Temperature

Storage Time (Hours) 5¢C » ' 15 C
Mean Standard Deviation Mean Standard Deviation
0 .0120° .0084 0133 .0102
24 .0116 .0060 .0100 .0053
48 .0113 .0071 .0123 .0114
72 .0119 .0070 .0107 .0082
96 .0135 .0063 .0121 .0082

174

aActivity = micromoles/ml/min/1 x 109 sperm cells.

bNumber of observations = 6.



TABLE 18

MEAN VALUES FOR ACROSIN ACTIVITY EXTENDED WITH PURDUE CONTAINING
GENTAMICIN WITH A FOUR HOUR COOLING RATE?

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation
0 .0100° .0063 .0110° .0085
24 .0114 .0078 .0097 .0065
48 0117 .0064 .0118 .0078
72 .01 .0068 .0117 .0086
96 .0127 .0073 0117 .OOé]

7

aActivity = micromoles/ml/min/1 x 109 sperm cells.

bNumber of observations = 6.



16

egquation for +the 5C storage temperature is Y = 77.5514 -
.1867 X - .0017x2, For bhoth egquations, Y was the predicted
percentge NAE and X was the storage time, in hours.

The regression of storage itime x ejaculate within boar
was significant for the percentage of NAR acrosomes. The
prediction eguations were: Y = 85.5069 + .045 X - .0053Xx2
and ¥ = 75.7094 -~ .9211 X + .0039 %2 for ejaculates 1 and 2
from the first boar, respectively; Y = 70.6446 - .2946 X -
.009 X2 and Y = 54.6554 - .3932 X + .0023 X2 for ejaculates
1 and 2 from the second boar, respectively; and ¥ = 77.1951
- 2664 X - 0007 X2 and ¥ = 65.4296 - .3582 X - .2654 X2
for ejaculates 1 and 2 from the third boar, respectively.
In the above eguations, Y is the predicted percentage of NAER
and 4 is the storaye time, in hours.

hcrogsin Activity

Means for acrosin activity for the 16 treatment combi-
nations are presented in tables 11 through 18. The acrosin
activity was determined for all samples in one replicate and
the inclusion of the 12 hr storage times did not increase
the £fit of the model. Therefore, acrosin activity is
reported for 24 hr storage times only. A1l activity values
are adjusted to a concentration of 1x10°® sperm cells. Acro-
sin activity within each +treatment combination generally
increased with increased stovage tinme. However, this trend

was not significaunt (P<.10). The mean acrosin activity was
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usualily slightly aigher for tahe same treatment combinations
stored at 5C than when stored at 15C, for each storage time.

The anaiysis of variance for acrosin activity 1s pres-—
ented in appendix table Z. Least-squares means and standard
errors for the treatment effects and selected two-way treat-
ment effect interactions are presented in table 19. Exten-
der, antibiotic, cooling rate and storate temperature did
not significantliy affect the acrosin activity (P>.05). The
interaction between extender and storage temperature was
significant (#<.01) for acrosin activity. At both 5C and
15C, the acrosin activity was higher when semen was extended
in PE then in BLZ2 extender.

There was a significant asffect of ejaculate within boar
on acrosin &ctivity (P<.001) . The second ejaculate from
each poar had a bigher amount o¢f acrosin activity than that
of the first ejaculate. the interactions between ejaculate
within boar x antibiotic (P<.05), ejaculate within boar x
extender (F<.001) a&and ejaculate within boar x storage temp-
erature (P<.001) were gignificant. For the interaction of
ejaculate within boar =x antibiotic acrosin activity was
higher in four ejaculates that were extended with the combi-
nation of penicilliin/streptomycin whiie acrosin activity was
higher in 2 ejaculates that were extended with gentamicin.
Acrosin activity was higher for five ejaculates extended in

PE while acrosin activity vwas higher for one ejaculate
¥
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TABLE 19

LEAST-SQUARES MEANS AND STANDARD ERRORS FOR
ACROSIN ACTIVITY

Acrosin Activity

(micromoles/ml/min)
Item : LS Means Standard Errors .

Extenders

Beltsville L2 .0097

Purdue .0113 -0001
Antibiotic

Penicillin/Streptomycin .0105 0001

Gentamicin .0106 :
Cooling Rate

Two Hours 0107

Four Hours .0103 -0001
Storage Temperature

5¢C 0111

15 ¢ 10010 -0001
Extender x Storage Temperature**

BL-2 x5 C .0107

BL-2 x 15 C .0088

PE x 5 C 0115 -0002

PE x 15 C L - 0112

**p < .01



extended in Pelitsvilie L2. For the interaction of ejaculate
within Dboar x storage temperature, acrosin activity was
higher for four ejaculates at 5 while storage at 15C
resulted in higher acrosin activity in two ejaculates.

The regression of storage time X storage temperature on
acrosin activity was significant (P<.05). The prediction
equations for acrosin activity are: ¥y = 0781 + (5.8x10-5)
i+ (1x10-8)¥X2 for the 5C storage temperature; and Y = 0116
+ (3x10-¢) X + (3.1x10-7) X2 for the 15C storage temperature
where Y is the predicted activity and X is the storage tinme,
in hours.

Progressive Forward Hotility

#fean values for percent progressive forward motility
(PRONOT) were essentially zero at each storage time for the
treatnent combinaticns with BLZ, either penicil-
lin/streptomycin or gentemicin, +two hour cooling rate and
either 5C or 15C storage temperature. The treatment combi-
nation BLZ with peniciliin/streptomycin and a four hour
cooling rate had a mean of 1.7 and a standard deviation of
4.1 at the 12 hr storage time for the 5C storage tempera-
ture. #Means for this treatment combination were =zero for
the 15C storage temperature. The PEROMOYT means for the
treatment compination BLZ with gentamicin and a four hour
cooling rate were 1.7% with a standard deviation of 4.1.

This mean was reported at the 0 hr storage time for the 5C
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storage temperature and at the 12 and 60 hr storage times
for the 15C storage temperature. The mean values for per-
cent PROMOT in any of the treatment combinations containing
PE and at the 5C storage temperature were very low initially
and zero after the 36 hr storage time. Mean values for per-
cent PROMOT were highest for the treatment combination PE
with peniciilin/streptomvcin, a 4 hr cooling rate and a 15C
storage temperature. At the O hr storage time the mean was
28.3% with a standard deviation of 25.6. The 12 ana 24 hr
means and standard deviations were 25.0% = 18.7 and 6.5% %
16.3, respectively. After 24 hr storage, the means were not
higher than those reported for the 24 hr. storage time. All
other treatment combinations containing PE and at a storage
temperature of 15C had lower mean values for +the percent
PEKOMOT than the combination PE with penicillin/streptomycin
and a 4 hr cooling rate.

The analysis of variance for the percent progressive
forward motility is presented in appendix table 3. Least-
sguares means and standard errors for the treatment effects
and selected two-way treatment effect interactions for PRO-
MOT are presented in table 20. Purdue extender had a higher
{(P<.05) percentage of PROMOT than BLZ. Sanples that con-
tained penicillin/streptomycin had a significantly higher
(P<.05) percent PROMOT than samples that contained gentami-

cin. Cooling rate and storate temperature did not signifi-



TABLE 20

LEAST-SQUARES MEANS AND STANDARD ERRORS FOR
PROGRESSIVE FORWARD MOTILITY

Progressive Forward Motility (%)

Item LS Means Standard Errors
Extender*
Beltsville L2 .08 30
Purdue 2.96 :
Antibiotic*
Penicillin/Streptomycin 1.94 30
Gentamicin 1.10 :
Cooling Rate
Two Hours 1.29 30
Four Hours 1.75 :
Storage Temperature
5¢C .67
15 ¢ 2.38 -30
Antibiotic x Extender*
Pen/Strep x BL-2 .04
Pen/Strep x PE 3.83 42
Gentamicin x BL-2 .13 .
Gentamicin x PE 2.08
Extender x Storage Temperature**
BL-2 x5 C .08
BL-2 x 156 C .08 42
PEx5C 1.25 :
PE x 15 C 4.66
*P < .05

**p < .01
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cantly affect the percent PRONOT (P>.10). The interaction
between antibiotic and extender (figure 4) was signitficant
for PHOMOT (P<.05). When peniciliin/streptomycin or gene-
tamicin vere combined with BLZ, the percent PROMOT was low.
However, FROMOT in the combination of penicil-
lin/streptomnycin and PE produced greater PROMOT than the PE
which contained gentamicin. The interaction between exten-
der and storage tempsrature (figure 5) was significant
{(P<.01) for the percent PROHOT. The LS means for PROKOT
vere the same for BLZ at both the 5C and 15C storage temper-
atures. The wmean percent PROMOT for semen extended in PE
was higher then for semen extended in BL2 at both the 5C and
15C storage temperatures.

There vwas a significant affect of ejaculate within boar
on the percentage of PROMOT (F<.00T) . The first ejaculate
from each boar had a higher mean PROMOT value than that of
the second ejaculate. The interaction Dbetween boar and
cooling rate was significant for ' PROMOT (P<.01). The mean
percent PROMOYT was higher for two boars when semen was
cooled in 4 hr, while PROMOT was higher for one boar when
semen was cooled in 2 hours.

The regression of storage time x extender on PROMOT was
significant (F<.0071). The prediction equations were: Y =
-7.540 - 006 X + 0069 X2 for BL2; and Y = 13.6177 - .3755

£ + 0094 ¥2 for PE when Y was the predicted percentage PRO-
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¥OT and X was the storage tike. The regression of storage
time x storage temperature on PROMOT was significant
(P<.0% . The prediction eguation for the 5C storage temper-
ature was ¥ = 1.8032 - .118 X + .0004 X2. 4t 15C, the equa-
tion was Y = 99,2629 - .Z634 X + 0001 X=2. For these
equations, Y was the predicted percentage PRONMOT and X was
the storage time, in hours.

The regression of storage time x ejaculate within boar
on FROGHOT was signitficant (2<.0071) . The prediction equa-
tions were: Y = 15.5796 - .4269 X + .0027 X2 and Y = 1.1189
- .0805 X + .0002 X2 for ejaculates 1T and 2 from the first
boar; Y = 12.709 - 4017 X + .0027 X2 and ¥ = §4.225 - 1371
X + 0009 X2 for ejaculates 1 and 2 from the second boar;
and ¥ = 4.1399 - .1166 X + 007 X2 and Y = .6059 - 0183 X +
0001 X2 for ejaculates 1 and Z from the third boar. In
each of these eguations Y was the predicted PROHOT and X was
the storage time, in hours.

Vibraticnal and/or Rotetiopal Motility

Yean values for percent vibrational and/or rotational
motility (VIBROT) are presented in tables 21 through 28 for
each oi the 16 treatment combinations. Means for percent
VIBROT decreased (P<.01) as storage time increased.

The analysis of variance for percent vibrational and/or
rotational motility dis presented in appendix 4. Least-

sguares means for the treatwment effects and selected two-way
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TABLE 21

MEAN VALUES FOR PERCENT VIBRATIONAL AND/OR ROTATIONAL MOTILITY EXTENDED WITH
BELTSVILLE L2 CONTAINING PENICILLIN/STREPTOMYCIN WITH A TWO HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation

0 o 43.3° 25.0 48.3° 28.6
12 50.0 16.7 58.3 9.8
24 21.7 19.4 33.3 30.8
36 | 16.7 10.3 46.7 20.7
48 21.7 20.4 45.0 25.1
60 6.7 8.2 25.0 25.9
72 11.7 11.7 21.7 34.9
84 5.0 5.5 13.3 21.6

96 3.3 5.2 0 0

108 3.3 5.2 : a Q

98

Number of observations = 6.



TABLE 22

MEAN VALUES FOR PERCENT VIBRATIONAL AND/OR ROTATIONAL MOTILITY EXTENDED WITH
BELTSVILLE L2 CONTAINING PENICILLIN/STREPTOMYCIN WITH A FOUR HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation
0 48,32 25.6 60.02 17.9
12 35.0 16.4 45.0 25.1
24 21.7 24.0 21.7 21.4
36 13.3 15.1 36.7 42.3
48 13.3 15.1 20.0 17.9
60 6.7 12.1 25.0 32.1
72 15.0 27.4 16.7 20.7
84 | 1.7 4.1 18.3 20.4
96 1.7 4.1 0 0
108 1.7 4.1 0 0

L8

aNumber of observations = 6.



TABLE 23

MEAN VALUES FOR PERCENT VIBRATIONAL AND/OR ROTATIONAL MOTILITY EXTENDED WITH
BELTSVILLE L2 CONTAINING GENTAMICIN WITH A TWO HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5C 15 C
Mean Standard Deviation Mean Standard Deviation
0 36.7° 25.0 38.3° 35.4
12 20.0 16.7 66.7 10.3
24 23.3 22.5 30.0 28.3
36 16.7 15.1 50.0 28.3
48 16.7 16.3 36.7 18.6
60 10.0 12.6 31.7 29.3
72 23.3 23.4 45.0 36.7
84 8.3 13.3 16.7 22.5
96 0 0 20.0 31.0
108 : 1.7 4.1 : 13.3 16.3

88

aNumber of observations = 6.



TABLE 24

MEAN VALUES FOR PERCENT VIBRATIONAL AND/OR ROTATIONAL MOTILITY EXTENDED WITH
BELTSVILLE L2 CONTAINING GENTAMICIN WITH A FOUR HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation
0 56.72 10.3 63.3° 12.1
12 30.0 8.9 56.7 22.5
24 18.3 19.4 31.7 23.2
36 , 8.3 9.8 50.0 17.9
48 18.3 14,7 41.7 31.9
60 8.3 7.5 26.7 33.3
72 15.0 18.7 31.7 36.0
84 5.0 5.5 23.3 25.8
96 8.3 13.3 16.7 18.6
108 6.7 8.2 20.0 24.5

68

aNumber of observations = 6.



TABLE 25

MEAN VALUES FOR PERCENT VIBRATIONAL AND/OR ROTATIONAL MOTILITY EXTENEDED WITH
PURDUE CONTAINING PENICILLIN/STREPTOMYCIN WITH A TWO HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation

0 18.3% 14.7 16.7° 13.7
12 8.3 16.0 23.3 18.6
24 8.3 9.8 8.3 13.3
36 0 0 10.0 15.5
48 1.7 4.1 10.0 16.7
60 0 0 3.3 8.2
72 1.7 4.1 3.3 5.2
84 0 0 3.3 8.2
96 0 0 1.7 4.1

108 0 0 0 0

06

aNumber of observations = 6.



TABLE 26

MEAN VALUES FOR PERCENT VIBRATIONAL AND/OR ROTATIONAL MOTILITY EXTENDED WITH
PURDUE CONTAINING PENICILLIN/STREPTOMYCIN WITH A FOUR HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5C 15 C
Mean Standard Deyiation Mean Standard Deviation
0 20.0° 17.9 - 23.32 ~25.0
12 3.3 5.2 13.3 12.1
24 3.3 8.2 1.7 4.1
36 1.7 4.1 15.0 15.2
48 1.7 4.1 5.0 8.4
60 1.7 4.1 : 5.0 : 8.4
72 0 0 1.7 4.1
84 1.7 4.1 5.0 12.2
9 0 0 1.7 4.1
108 0 0 0 0

L6

aNumber of observations = 6.



TABLE 27

MEAN VALUES FOR PERCENT VIBRATIONAL AND/OR ROTATIONAL MOTILITY EXTENDED WITH
PURDUE CONTAINING GENTAMICIN WITH A TWO HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C : 15 C
Mean Standard Deviation Mean Standard Deviation
0 13.3° 20.0 8.3% 7.5
12 3.3 5.2 11.7 19.4
24 0 0 10.0 24.5
36 1] 0 1.7 20.4
48 0 0 3.3 8.2
60 1.7 4.1 1.7 4.1
72 0 Q 0 1]
84 0 0 0 0
96 0 a 0 0
108 0 0 0 0

26

ANumber of observations = 6.



TABLE 28

MEAN VALUES FOR PERCENT VIBRATIONAL AND/OR ROTATIONAL MOTILITY EXTENDED WITH
PURDUE CONTAINING GENTAMICIN WITH A FOUR HOUR COOLING RATE

Storage Temperature

Storage Time (Hours) 5¢C 15 C
Mean Standard Deviation Mean Standard Deviation

0 15.02 19.7 6.7° 8.2

12 6.7 12.1 5.0 12.2
24 0 0 0 0
36 0 0 0 0
48 0 0 0 0

60 0 0 1.7 4.1
72 0 0 0 0
84 0 0 0 0
96 0 0 0 Q
108 0 0 0 0

€6

aNumber of observations = 6.
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treatment effect interactions are presented in table 29.
VIBEOT values than treatments stored at 5C. Extender, anti-
biotic, cooling rate and storage temperature did not signif-
icantly affect +the percent VIBROT (P>.05). However, the
interaction of antibiotic and extender was significant
(b<.01 . Figure 6 iilustrates the interaction of antibiotic
and extender for percent VIBROT. Eeltsville L2 extender had
higher percent VIEROT when combined with gentamicin than
with penicilliin/streptomycin. Purdue extender had a higher
percent VIBROT when corbined with peniciilin/streptomycin
than with gentamicin. The extender and storage temperature
interaction was also significant (P<.01) for percent VIBROT
(figure 7). Bt both storage temperatures percent VIBROT
values Wwere higher for BLZ than PE.

There was a significant affect of ejaculate within boar
on the percent VIBROT (P<.00T). The first ejaculate from
each boar had a higher percent VIBROT than the second ejacu-
late. The interactions between ejaculate within boar x
extender (P<.001) and ejaculates within boar x cooliing rate
(P<.05) were significent. The percent VIBROT was higher for
all six ejaculates when semen was extended in BLZ than when
semen was extended 1in Purdue extender. For the second
interaction, the percent VIEROT was higher for three ejacu-
lates cooled in 2 hr, while three ejaculates had higher

VIBROT values when cooled in 4 hourse.
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TABLE 29

LEAST-SQUARES MEANS. AND STANDARD ERRORS FOR
VIBRATIONAL AND/OR ROTATIONAL MOTILITY

Vibrational and/or Rotational

Motility (%)

Item LS Means Standard Errors

Extender

Beltsville L2 23.98 69

Purdue 4.04 :
Antibiotic

Penicillin/Streptomycin 13.75 69

Gentamicin 14.27 :
Cooling Rate

Two Hours 14.54 69

Four Hours 13.48 :
Storage Temperature

5¢C 9.81

15 ¢ 18.21 -63
Antibiotic x Extender**

Pen/Strep x BL2 21.92

Pen/Strep x PE 5.58 98

Gentamicin x BL2 26.04 T

Gentamicin x PE 2.50
Extender x Storage Temperature**

BL2 x 5 C 16.83

BL2 x 15 C 31.13 98

PEx5¢C 2.79 :

PEx 15 C 5.29

**p < .01
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The regression of storage time on percent VIBROT was
significant (¥<.01). The prediction equation was Y = $.2102
- 1879 X + .001 %2, vwhere VY is the predicted VIBROT and X
is the storage time, in hours. The ¥ and X definitions are

the same for the remaining regression equations preseanted in

this section. The prediction equations for the regression
of storage time x extender for VIBROT (P<.01) were Y =
b6.7731 - 5676 X + 0018 X2 £for BL2 extender and ¥ =

18.6484 — 3143 X + 0020 X2 for the Purdue extender. The
regression of storage time x cocling rate on VIBREOT (F<.01)
vielded the following equations: Y = 42,1214 - 3112 X +
007 X2 for the 2 hr cooling rate; and Y = 40.6278 — .5705 X
+ .0031 X2 for the 4 nhr cooling rate. The prediction equa-
tions tor the regression of storage time x storage tempera-
ture on VIBROT (P<.001 were ¥ = 21.5004 - 5809 X + .0034
X2 and Y = 40.5408& - .3007 X + .003 X2, for the 5C and 15C
storage temperature, respectively. The regression of stor-
age time x ejaculates within boar on VIBKOT was significant
(P<.0CT) & The prediction equations were: Y = 16.2759 -
2268 X + 0008 X2 and Y = 29.4656 - .8429 X + .0055 X2 for
ejaculates 1 and 2 from the £firgst boar; Y = 45.0502 - .5386
X + .0017 X2 and Y = 32.1840 - .3990 X + .0016 X2 for ejacu-
lates 1 and 2 from the second boargy and Y = 37.2878 - .0820
X = 0015 X2 and ¥ = 34.1309 - .5558 X + .0029 X2 for ejacu-

lates 1 and 2 from the third boer, respectively.



Relationship Among Semen Traits

Tabile 30 presents the correlation coefficients among
the in vitro semen traits neasured. The coefficients were
very low &nd all were non-significant (F>.10).

Optimum Extender and Extender System

The optimun extender and extender system that was cho-

sen from the in vitro data consisted of Purdue extender con-

teining peniciliin/streptomycin. This extender was cooled
to a 15C storage temperature in 4 hours. The fertilization
rate of semen processed in this extender and extender systenm

is reported in the following section.

Phase II In Vivo fertilization Rate

The analyses of variance for the normally fertilized
and abnormally fertilized ova are presented in appendix
tables 5 and 6, regpectively. The analysis of variance for
the effect of semen age on the percentage of ova recovered
was not significant (P>.10) . Table 31 presents the least-
squares means for the percentage of ova recovered and the
fertilization rate of recovered ova. The overall mean per-
centage of ove recovered was 83.09% and ranged from 65.78%
(72 and 84 hr) to 96.92% (0 and 12 hr) . The mean percent-
ages of normalily fertilized ova (NOERM) were 71.50, 986.08,

95.55, 70.83 and 36.7% for +the ¢ and 12, 24 and 36, 48 and
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TABLE 30
CORRELATION COEFFIEIENTS AMONG SEMEN TRAITS
Traits NAR? PROMOTD VIBROTC
Acrosin (423)¢ -.013 -.056 -.009
NAR (423) -.050 -.022
PROMOT (423) -.038

ANormal apical ridge acrosomes.
bProgressive forward motility.
Vibrational and/or rotational motility.

( )dDegrees of freedom from error mean square of general linear model.



TABLE 31
LEAST-SQUARES MEANS FOR OVA RECOVERY AND FERTILIZATION RATE?

Total Number Ova Normal Abnormal
Semen Age (Hours) of Ova Recovery (%)2 Fertilization (%)b Fertilization (%)
0 and 12 55 96.92 71.50 28.50
24 and 36 55 81.15 98.08 1.92
48 and 60 87 96.15 95.55 4.45
72 and 84 68 65.78 70.83 29.17
96 and 108 46 75.45 36.79 63.21

a7 total of four females in each semen age group.
b

Standard error for all LS means = + 12.59.

Standard error for all LS means +12.11.

1oL



60, 7Z and 84 and the 96 and 108 hr semen age groups,
respectively. The overall mean percentage of normaliy fer-
tilized ova was T4.55. The gquadratic regression of semen
age on NOEM was significant (P<.01). The distribution of
normally fertilized ova was 232, 131, 37 and 3 for 4-cell,
8-celi, morula and blastocyst stage of development, respec-
tively. The mean percentages of abnormally fertilized ova
(ABR) were 28.50, 1.92, #4.45, 29.17 and 63.2%1 for the 0 and
12, 24 and 36, 48 and 60, 72 and 84 and the 96 and 108 hr
semen age groups, respectively. The overall mean percentage
of ABW was 25.45. The gquadratic regression of semen age on

ABN was significant (P<.01).



Chapter V. GENERAL DISCUSSION

bcrosome Horpholiogy

Ejaculates within boars significantly effected the per-
centage of NAR acrosomes (P<.001). This demonstrated the
variation among ejaculates within males. ALl Dboars were
collected 2 davs prior to the day that semen was collected
and processed to minimize this source of variation. The
interactions between boar x extender (P<.05) and boar x
storage temperature (P<.61) were significant. These inter-
actions demonstrated the variation among males for these two
treatment effects.

There was a linear decrease (P<.U5) in the percentage
of NAR with an increase in storage time. This decrease in
NAR occurred at a decreased rate. The regression of storage
time x storave temperature on NAK decreased at a decreasing
rate for the 5C temperatures while at the 15C storage temp-
erature the NAR decreased at an increasing ratee.

The regression of storage time x ejaculate within bhoar
on WAR was significant (P<.0071) . Within males, the inter-
cept for the first ejacuiate was higher than the intercept
for the second eijaculate. The first ejaculate NAR from the
first boar increased at a decreasing rate while the second

ejacuiate FAK decreased at a decreasing rate. For the sec-

103
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ond boar, the first ejaculate WiK decreased over time but at
an increased rate, whereas the NAR of the second ejaculate
decreased over time but at a decreased rate. The percentage
of NAR for poth ejaculates from the third boar decreased
over time at an increased rate. However, +the decrease in
NAR was higher in the second ejaculate and was also at a
faster rate than in the first ejaculate.

Three two-way treatment effect in interaciions were
significant for WNAR acrosomes. The interactions were;
antibiotic x storave temperature (P<.01); extender x cooling
rate (F<.05); and extender x storage temperature (P<.01).
The percentage of NAR was higher at the 15C storage tempera-
ture for penicilliin/streptomycin and gentamicin. Purdue
extender had a higher percentge of NAK at the 15C storage
temperature while BL-2 had a higher NAR value at the 5C
storavge temperature. The percentage of NAR was higher at
the 15C storage temperature for both extenders than at the
5C storage temperature. Purdue extender had a higher NAER
value at both storage temperatures than that of BL2 exten-
der. From these two interactions, the optimum extender sys-
ten inciuded PE and a 15C storage temperature. At 15C the
antibiotic of choice was peniciliin/streptomycin. The per-
centage of NAR was hicher for PE than for BL2 at both cool-
ing rates. There was & siightly higher NAR value for PE
extended semen cooled in & hr than for PE cooled in 2 hours.

Therefore, the 4 hr cooling rate was included in the system.
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The variation among ejaculates within males was demon-
strated by the affect of ejaculate within males (P<.001) and
by the interactions Dbetween ejaculates within males and
antibiotic; extender; and storage temperature. For these
interactions, acrosin activity was higher in the majority of
ejacuiates for samples: extended in PE; containing penicil-
lin/streptonycin; and stored at the 5C storasge temperature.

The wmean vailues for acrosin activity appeared to
increase with increased storage time, however this relation-
ship was not <significant (P>.05). From the preliminary
Study described earlier, the total amount of acrosin activ-
ity detected averaged .137 mnmicromoles/ml/min for samples
extended with BLZ and .248 micromoles/ml/min for sanmples
extended with Purdue extender. The mean acrosin activity
reported in this study accounts for approximately 6% to 9%
of the activity observed for samples extended in BLZ and for
approximately .4% to 5% of the activity observed for samples
extended in Purdue extender. These percentages are in
agreenent with values reported by Goodpasture et ai. (1979,
1980) .

The interaction between extender and storage tempera-
ture was giganificant (®E<.01). At 5C, acrosin activity was

slightly higher in samples extended with PE than in samples
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in BLZ2 extender. The activity was also higher in samples
extended with PE than in sanmples extended with BL2 at the
15C storage temperature. The acrosin activity was slightly
higher in samples stored at 15C than in samples stored at 5C
for Purdue extender.

Since acrosin 1is involved in the penetration of the
zona peliucida, the amount of acrosin activity found in the
supernatant of extended semen 1is inversely related to te
fertilizing potential of the extended semen. Therefore, the
treatment effects with the lower acrosin activity are the
more desirable treatments. The optimum extender system
based on lower activity would include BL2 containing gentam-
icin and stored at a 15C storage temperature. However,
since the activity throughout the preliminary study were
always higher in sawples extended with PE than in samples
extended with BLZ extender, this affect may be due to the
extender composition and not to a beneficial affect attrib-
utable to the BLZ2 extender.

The regression of siorage time x storage temperature on
acrosin activity was significant (P<.05). kit both storage
temperatures acrosin activity increased with increased time
at an increasing rate. At 5C, the increase with increased
time was higher than the increase at 15C, however the rate

of increase was greater at the 15C storage temperature.



Prodgressive Forward Motility

A S TSN

Means reported for progressive forward motility (PRO-
MOT) were extrenmely low. When samples exhibited EFROMOT for
more than one storage time, estimates were seldom consis-
tant. In this study, sauwples were held in a water bath at
37C for one hour Dbefore PROMOT was estimated. However,
Polge (1956b) stated that motiiity was practically indistin-
quishable from fresh semen if samples were held in a 37C
water bath for +two hours and shaken. These difference in
processing samples may account for part of the inconsistency
in PROKHOT estimates. Another possible explanation for the
inconsistant resuits is that several persons were involved
in estimating PKONOT.

The ejaculate within boar affect (P<.001) demonstrated
the variation among ejaculates within males. The interac-
tion between boar aend cooling rate (P<.01) demonstrated the
variation among males for this treatment effect.

The percent PRONMOT was significantly higher (P<.05) for
samples extended with PE than EL2. Samples with penicil-
lin/streptomycin had a higher (P<.05) percentage PROMOT than
did <samples with gentamicin. The antibiotic x extender
(P<.05) and extender X storage temperature (P<.01) dinterac-
tions were sigunificant. Ffrom these treatment effects and

treatment effect interactions, the optimum extender system
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for the percentage of PROMOT included PE containing
penicillin/streptomnycin with a 15C storage temperature.

The regression of storage time x extender on the per-
centage PROMOT was significant (P<.0071) . PROMOT values for
the BLZ extender, were essentially zero and &id not increase
with a change in time, whereas PROMOT values for +the PE
decreased with increased time but at a decreasing rate. The
regression of storage time x storage temperature on the per-
centage PROMOT was significant (P<.001). The regression
iine for the 15C storage temperature begins at a higher
intercept has a greater decrease over time than the line for
the 5C storage temperature. However, the rate of decrease
over time is faster for the 5C storage temperature. The
regression lines predicted by the storage time x ejaculate
within boar on +the percentage PROMOT were significant
(P<.001) . the first ejaculates for ali three boars have
higher intercepts than the second ejaculates and the first
ejaculates decrease with time faster and at a faster
decreasing rate than do the same values for the second eja-

culates.

Vibrational and/or rotational motility (VIBROT) was
estimated using the same samples of PKOMOT estimates employ-

ing the technique described above.
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Ejaculates within boar significantly effected the
percentage of VIBROT (P<.00617). The interactions between
ejacuiates within boar and extender (P<.01) and cooling rate
(P<.05) were also significant. These factors demonstrate
the variation among ejaculates within maies and the varia-
tion among males for these two treatment effects. Within
each ejaculate the samples extended with BLZ had higher
VIBROT values than did the samples extended with Purdue
extender. Ts0 et ai. (1880) reported that Tris was the
best medium for maintaining motility and since ELZ contains
Tris this may account for the higher VIBROT values observed
in the samples extended with BL2Z extender. In addition,
boar spermatozoa adhere to gilass microscope slide causing a
cell that would normally exhibit PROMOT to exhibit a VIBROT
type of movement. This situation would inflate the VIBROT
estipates.

The interactions between antibiotic and extender
(P<.01) and extender and storage temeprature (F<.01) were
significant. The BLZ samples with gentamicin had a higher
percent VIBROT than the BL2 samples with penicil-
lin/streptomycin. The effect of antibiotic within the PE
samples was reversed. Schafer et al. (1972) reported that
gentamicin was a broad spectrum antibiotic that was stable
over a range of 2 to 10 pH units. The higher VIBROT values

for the BRL2 samples containing gentamicin may be due to the
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ability of gentamicin to maintain a more stable environmeant
than BL2 with peniciilin/streptomycin. The percent VIBROT
was higher at both 5C and 15C for the samples extended with
BL2 extender. The VIBROT values were higher at 15C than 5C
within both extenders.

The regression of storage time X extender on the per-
cent VIBROT was significant (P<.01). The equation for BL2
extender had a higner intercept and decreased with time
faster than the egquation for Purdue extender. However, the
equation for PE had a higher quadratic coefficient and
therefore decreased at a faster rate. The regression of
storage time x cooling rate on VIBROT was sigunificant
(P<.01) . The 4 hr cooling rate had a lower intercept but
decreased with time faster and at a higher decreasing rate
than the 2 hr cooling rate. The regression of storage time
X storage temperature on VIBROT was significant (P<.01).
The 15C storage temperature had a larger intercept and
decreased less with time and at & slower rate than the 5C
storage tenperature.

The regression of storage time x ejaculate within boar
on VIBROT was significant (P<.001). For the first boar, the
second ejaculate had a higher intercept and decreased faster
with time and at a greater decreasing rate than the first
ejaculate. For the second boar, the first ejaculate had a

higher intercept and decreased faster with time at a greater



111
decreasing rate. Por the third boar, the second ejaculate
had a lower intercept but decreased faster with time and at

a greater decreasing rate than the first ejaculate.

Ova kecovery and Pertilization Rate

The overall mean of 83.09% for ova recovery was
slightly lower +than the €6% and 88.3% ova recoveries
reported by Hunter and Dziuk (1968) and Stratman and Self
(1960) , respectively.

The percent NOE# for the 0 and 12 hour age group was
lower than the percent HORM for the 24 and 36 hour and 48
and 60 hour age groupse. The 71.50% NORM reported in this
study was lower than the 87.2% NORM reported by Pursel et
al. (1973b) for semen that was stored at 15C for six hours

and the 91% reported by Wiggins t al. (7951) for fresh

semnen. However, the percent NORM for the 0 and 12 hour
semen age group was superior to the fertilization rate
reported by Stratman and Self (1960) for fresh senmen. The
low percent FORM for the 0 and 12 hour age group was due to
one female with a 4.17% NOR#. Another female in the same
age group was bred with semen from the same ejaculate and
had a 90.9% NORM. Since both females were bred with semen
from the same ejaculate, the difference in percent NORH may

be attributed +to the ferale. The NORK was increased to

93.94% when the female with the low percent WNORK was omit-
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ted. The percent NOEKM for the 48 and 60 hour age group was
95.55 which 1is slightly hnigher +than the 54 hour value
reported by Pursel et al. (1973b). However, the 102 hour
value reported by Pursel et al. (1973b) was higher than the
36.79% reported for the 96 and 108 hour semen age group.
The percentages of AERR is +the complement for the percentage
values reported for NORM.

The linear and guadratic contrasts of semen age on NORH
and ABN were significant (P<.05, 1linear; and P<.01, quad-
ratic).

The ova recovery and fertilization rate data were
transformed into acrosins and tested by analysis of vari-
ance. However, the transformed data did not change the
analysis of variance on the observed data, therefore the

transformed data was not reported.



Chapter VI. SUHKAKY BND CONCLUSIONS

This study was conducted to: (a) determine the optimum
extender system for two extenders that will maintain the
highest level of cellular integrity when stored at either 5C
or 15C for a minimum of 72 hr; (b) evaluate the fertilizing
capacity of stored spermatozoa using the extender systenm
that maintained the highest level of cellular integrity; (c)
critically analyze enzymatic and morphological changes asso-
ciated with storage and aging of boar spermatozoa; and (d)
characterize properties of boar spermatozoa important to
fertilization. The treatment effects were extender, antibi-
otic, cooling rate and storage iemperature with two level
per effect.

The in vitro semen traits measured in this study were
the percentage of normal apical ridge acrosomes (NAK), pro-
gressive forward motility (PROMOT), vibrational and/or rota-
tional motility (VIBROT) and acrosin activity.

There was & decrease (P<.05) in the mean KARK within
each treatment combination as storage time increasede. Eja-
culate within boars (¥<.0{(1); boar x extender (P<.05); boar
X storage temperature (P<.01) were significant. The fol-
lowng regressions were significant: storage time x storage

temperature (F<.001) and storage time x ejaculate within

113
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boar (F<.001). The interactions of antibiotic x storage
temperature (P<.01%), extender x cooling rate (¥<.05) and
extender x storage temperature (P<.01) vwere significant for
EAR.

Acrosin activity generally increased with increased
storage time, within each treatment combination. However,
this trend was not significant (P<.10) . Ejacuiate within
boar (P<.001); ejaculate within boar x antibiotic (P<.05);
ejaculate within boar x extender (P<.001): and ejaculate
within boar x storage temperature (P<.001) were sigmnificant.
The storage time x storage temperature regression was sig-
nificant (P<.05). The interaction o¢f extender x storage
temperature was significant (P<.01) for acrosin activity.

Hean vaiues for PROMOT were either non-estimatable or
very low initially and decreased rapidly for all treatment
combinations. Purdue extender had a higher (P<.05) percent
PROMOT than EL2. Treatments that contained pencil-
lin/streptorycin bhad a significantly higher (P<.05) PROMOT
than treatwents that contained gentamicin. Ejaculates
within boar was significant (F<.001) . The storage tike X
extender (P<.001); storage time x storage temperature
(P<.05) ; and storage time x ejaculate within boar (P<.001)
regressions vere significant. The interactions of antibi-
otic x extender and extender x storage temperature were sig-

nificant (P<.05 and ¢<.01, respectively).
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Bean vslues <for percent VIBROT generally decreased
(P<.061) as storage time increased. Ejacualte within boar
(P<.001); ejaculate within boar x extender (¢<.001); ejacu-
late within boar x cooling rate (P<.05) were significant.
The regressions of storage time x extender (P<.01); storage
time x cooling rate (P<.01); storage time x storage tempera-—
ture (P<.01); and storage time x ejaculate within boar
(P<.001) were significant. The interactions of antibiotic x
extender and extender ¥ storage temperature were significant
for VIBROT (B<.01).

The correlations between the semen traits were low and
non-significant (P<.10).

The optimum extender and extender system consisted of
Purdue extender containing penicillin/streptomycin. This
extender was cooled to a 15C storage temperature in 4 hours.

The fertilization rate of the optimum extender and
extender system resuited in an overall mean of 74.55% nor-
mally fertilized ova. The percentages of mnormally ferti-
lized ova were 71.50, 98.058, 95.55, 70.83 and 36.79 for the
0 and 12, 24 and 36, 48 and 60, 72 and 84 and the 96 and 108
hr semen age groups, respectively.

In conciusion, the extender and extender system that
maintained the highest level of cellular integrity consisted
of Purdue extender containing penicillin/streptomycin and

cooled to a 15C storage temperature in 4 hours. This exten-
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der system maintained a 70% wminimum fertilization rate for

84 hours.



LITERATURE CITED

kamdai, J. 1966.  Artificial insemination in pigs in Nor-
wavy. World Review Anim. Prod. 2:64 (Supple.).

Aamdal J. and I. Hogset. 1957. Artificial insemination in
swine. J. BAmer. Vet. Med. Assoc. 131:59.

Austin, C. R. 1951. Observation on the penetration of the
spern into the wmammaiian egg. Aust. J. Sci. Res. Bull.
4:581.

Barr, A. J., J. He Goodnight, J. P. Sall and J. T. Helwig.
1976. A User's Gulide to SAS-76. Sparks Press,
Raleigh, North Carolina.

Barr, 4. J., J. H. Goodnight, J. P. Sall, W. H. Blair and D.
il Chilko. 1979. SAS Userts Guide 1979 Ed. SAS
institute, Inc., Kaleigh, KC.

Bedford, Jd. #. 1970. Sperm capacitation and fertilization
in mamhals. Biol. Reprod. 2:128 (Suppl.).

Renson, Re Wa, Be #W. Pickett, R. J. Komarak and J. Jd. Lucas.
1967. Effects of incufation and cold shock on motility
of boar spermatozoa and their relationship to 1ipid
content. J. Anim. Sci. 26:1078.

Boender, J. 1966. The development of A.I. in pigs imn the
Netherlands and the storage of boar semen. World
Review Anim. Prod. 2:29 (Suppl.) .

Bover, R. Be, B. G. Crabo, M. M. Pace and E. F. Grahanm.
1973. Effects of dilution and glycerol on the release
of glutamric-oxaloacetic transaminase (GOT) fror boar
spermatozoa. J. Anim. Sci. 36:319.

Chang, M. C. 1951%. Fertilizing capacity of spermatozoa
deposited into +the fallopian tubes. Nature (London)
168:697.

Cornett, L. E., B. D. Vavister and S. Meizel. 1979. Adre-
nergic stimulation of fertilizing ability in hamster
spermatozoa. Biol. RKeprod. 20:925.

due Mensil du Buisson, P. and L. Dauzier. 1958. HMaintenance
of fertilizng capacity of boar spermatozoa in the pres-—
ence of carbon dioxide gas. Compt. Rend. &Acad. Sci.
247:2472.

117



118

Dziuk, P. J. 1958. Dilution and storage of boar semen. J.
Anim. Sci. 17:548.

Dziuk, P. J. and G. Henshaw. 1958. Fertility of boar semen
artificially insewinated tfollowing ip vitro storage.
J. Anim. Sci. 17:554.

Pirst, N. L., F. ¥. Stratman and L. E. Casida. 1963.
Effect of sperm age on embryo survival 4in swine. Je.
Lnime. Sci. 22:7135.

Foley, C. W., H. M. Marci, C. J. Heidenreich, V. KA. Garwood
and K. £. ¥Erb. 1967. Lffects of zero and three-day
storage of washed boar spermatozoa on subsequent incu-
bation characteristics. J. Anim. Sci. 26:1072.

Fritz, H., B. Schiessler, . B. Schill, H. Tschesche, K.
Heimburger and 0. Wallner. 1975. Low molecular weight

proteinase (acrosin) inhibitors from huwman and boar
seminal plaswa and spermatozoa and human cervical mucus
- Isolation, properties and biological aspects. In:

Reich, E., D. B. Rifkin and E. Shaw (BEd.). fproteases
and Bioiogical Controi."™ Cold Spring Harbor, New York
Pp. 735.

Good, . E., G. D. Winget, W. W¥Winter, T. N. Connolly, S.
Izawa and K. M. M. Singhk. 1966. Hydrogen ion buffers
for biological research. Biochemistry 5:467.

Goodpasture, J. C., K. L. Polakoski and L. J. D. Zaneveld.
1979 . kcrosin, proacrosin, and acrosin inhibitor of
human spermatozoa: extraction, quanitation, and sta-
bility. J. Audrology 1:16.

Goodpasture, Jd. C., J. #. Reddy and L. J. D. Zaneveld.
1980. Effect of in vitro capacitation and acrosome
reaction on acrosin system of guinea pig spermatozoa.
Arch. Aundrology 5:15 (ibstr.) .

Gould, S. F. and M. H Bernstein. 1973. Localization of
buli sperm hyaiuronidase. J. Cell Biol. 59:119
{Lbhstr.) .

Graham, E. F., Ao H. J. EKajamanan, M. K. L. Schmehl, H.
aki-Laurile and K. F. Bover. 1971. Fertiiity studies
with frozen boar spermatozoca. A.I. Digest 19:6.

Graham, E. F., Be Ge. Crabo and M. M. Pace. 1978 . Current
status of semen preservation in the ram, boar and stal-



119

lion. XII Biennial Symposium on Animal Reproduction
47:80.

Harrison, K. A. P. and C. R. Brown. 1979. The zymogen form
of acrosin in testicular, epididymal, and ejaculated
spermatozoa from ram. Gamete Res. 2:75.

Rancock, J. L. and 6. J. K. Hovell. 195y. The collection
of boar semen. Vet. Rec. 71:664.

Hanter, R. H. F. and P. J. Dziuk. 1968. Sperm penetration
of pig eggs in relation to the timing of ovulation and
insemination. J. Reprod. Fert. 15:199.

Ito, S., T. Fiwa and A. Rudo. 1948a. Studies on artificial
insemination in pigs. ITL on the method of injection
of semen and the results of fecundation. Res. Bull.
Zootech. Exp. Sta. No. 55 (knim. Breeding Abstr. 19.
No. 756.).

Iito, S., T. %iwa, A. Kudo and A. Mizuho. 1948b. Studies on
eartificial insemination in pigs. II. observations on
the semen and its storage. Res. Buil. Zootech. Exp.
Sta. NCc. 55 (Anim. Breeding Abstr. 19. Ko. 757).

Johnson, L. A. 1976. Effect of storage at 15, 5 and -196C
on hoar sperw acrosin activity. Res. Report to NCR-57
Committee on Reprod. Physiol. (Abstr.).

Johnson, L. KA., J. Ge Aalbers, C. M. T. Williams and J. H.
fi. Rademaker. 1980. Fertility of boar semen stored in
BL-7 and Kiev extenders at 18C for three dayse. 6th
int. Pig Vet. Soc. Congress, Copenhagen, Denmarke.

Johnson, L. Ae, Je G. Ralbers, Co. M. To Willems and W.
Sybesma. 1981. Use of boar spermatozoa for artificial
insemination I. Pertilizing capacity of fresiki and fro-
zZen spermatozoa in sows on 36 farms. J. ANhink. Sci.
52:1130.

Kabishina, I., Bilantz and D. Zimmerman. 1975 . Infiuence
of short-term 1iquid storage of voar semen on fertil-
ity. NCE-57 Committee leeting on Keprod. Physiol.
(Abstr.) .

Koh, Te Je, Be G« Crabo, He. L. Tsou and £. F. Graham. 1976.
Fertility of iiguid bhoar semen as influenced by breed
and season. J. Anim. Sci. H82:138.



120

Lasley, J. F. and k. Bogart. 1%44. Some factors affecting
the resistance of ejaculated and epididymal spermatozoa
of the boar to different environmental conditions.
Amer. J. Physiol. 141:619.

Lasley, J. F., G. T. Easley and R. Bogart. 1942. Some fac-
tors influencing the resistance of bull sperm to unfa-
vorable environmentzl conditions. J. Anim. Sci. 1:79
(Bbstr.) .

Lindstrom, U. 1966. Swine insemination in Finland. world
Keview Anim. Prod. 2:93 (Suppl.).

Mayer, D. T. and J. F. Laslieye. 1945. The factor in egg
yolk affecting the resistance, storage potentialities
and fertilizing capacity of mammalian spermatozoa. Jde.
Znime. Sci. U4:261.

Meizel, S. 19%2z. Biochemical detection and activation of
an inactive form of & trypsin-like enzyme in rabbit
testes. J. Reprod. Fert. 31:456.

Meizel S. and S. K. Mukerji. 1975. Proacrosin from rabbit

erididymal spermatozoa: partisl purification and ini-
tial biochemical characterization. Biol. Reprod.
13:83.

Melrose, D. R. 1966 . Artificial insemination of pigs - &

review of progress and of possible developments. World
Feview Anim. Prod. 2:15 (Suppl.) .

Metz, C. B 1873. Role of specific sperm antigens in fer-
tilization. Fed. Proc. 32:2057.

#tilovanov, V. K. 1932, The present position of artificial
insemination in the pig. Probl. Zhivotn. 4:31 (Anim.
Breeding Abstr. 1:112).

Morton, D. B. 1975. Acrosomal enzymes: immunochemical
localiization of acrosin and hyaluronidase 1in ram sper-
matozoa. J. Reprod. Fert. #5:375.

McRorie, K. h. and W. L. Williams. 1974. Biochemistry of
mammatian fertilization. Annu. Rev. Biochem. 43:777.

KcRorie, Re A., He B. Turner, 4. M. Bradford and W. L. Wil-
liams. 1976. Acrolysin, the aminoproteinase catalyz-
ing the initial conversion of proacrosin to acrosin in
manmalian fertiiization. RBiochewm. Biophys. Res. Com-—
mun. 71:4892.



Roll, D. 0. 1950. Studies on longevity of the sperm of the
koar. Philipp. J. Anim. Indust. 10:247 (Anim. Breeding

Parrish, K. P. and K. L. Polakoski. 1977. Effect of polya-
mines on the activity of acrosin and the activation of
proacrosin. Biol. Reprod. 17:417.

Parrish, kK. f. and K. L. Polakoski. 1978. Boar M ok-acrosin
purification and characterization of the initial active
enzyme resulting from the conversion of boar proacrosin
to acrosin. J. Biol. Chem. 253:8428.

Parrish, R. F., Jd. C. Goodpasture, L. J. D. Zaneveld and K.
L. Polakoski. 197%az. Poiyamine inhibition of the con-
version of human proacrosin to acrosin. J. Reprod.
Fert. 57%:239.

Parrish, Ke fe, Teo J. Wincek and K. L. Polakoski. 1979b.
Giysoaminoglycan stimulation of the in vitro conversion
of boar proacrosin into acrosin. J. Andrology 1:89.

Piishko, N. T. 1965. B method for prolonging the viability
and fertilizing ability of boar spermatozoa. Svino-
vodstvo 12:37.

Polakoski, K. L. 1974. Partial purification and charactei-
zation of proacrosin <£from boar spermn. Fed. Proc.
33:1308 (Abstr.) .

Polakoski, K. L. and R. R. Mckorie. 1973. Boar acrosin II.
Classification, inhibition, and specificity studies of
& proteinase from sperm acrosomnes. Je Biol. Chen.
248:81863.

Polakoski, K. L. and K. F. Parrish. 1977. Boar proacrosin
purificetion and preliminary activation studies of
proacrosin isolated from ejaculated boar speras. J.
Biol. Chem. 252:1888.

Polaxoski, K. L. &and We L. Williams. 1974, Isclation of
proteinase inhibitors from boar sperm acrosoges and
boar seminal plasma and eftect on fertilization. In
Rayer — Symposium V YProteinase 1Inhibitors"™ Springer-
Verlag, Few York. pp. 156.

Polakoski, K. L. L. J DI. Zaneveld and w. L. W®Williams.
18571. kn acrosin-scrosin inhibitor complex in ejacu-
iated boar speras. Biochem. Biophys. Res. Communica-
tions 45:381.



Poleakoski, K. L., L. J. D. Zaneveld and ¥W. L. Williams.
1972. Purification of & proteolytic enzyme from rabbit
acrosomes. 2iol. Reprod. 6:23.

Polakoski,‘K, L., B« D. Clecg and K. F. Parrish. 1979.
Identification of the in vivo sperm proacrosin into
acrosin conversion sequence. Int. J. Biochem. 10:483.

Polge, C. 1956a. Artificial insemination in pigs. Vet.
Kec. 68:62.

Polge, C. 19560b. The developument of an artificial insemi-
nation service for pigs. Anim. Breeding Abstr. 24:209.

Pursel, V. G. 1974, Advances in preservation of swine
spermatozoa. Anim. Reprod. (BARC, Symposium No. 3 -
H. Hawk Ed.) pp. 145.

Pursel, V. G. and L. k. Johnson. 1971. Fertilizing capac-
ity of frozen boar spermatozoa. J. Anim. Sci. 33:1162
(Abstr.} .

Pursel, V. G. and L. A. Johnson. 1972. Fertility compari-
son of boar seken frozen in two extenderse. J. Anim.
Sci. 35:1123 (Abstr.)

Pursel, V. G. and L. A. Johnson. 1974. Glutaraldehyde fix-
ation of boar spermratozoaz for acrosome evaluation.
Theriogenology 1:63.

Pursel, V. IG., L. A. Johunson and Re J. Gerrits. 1969.
Effects of coid shock and freezing on cations of boar
spermatozoa. J. Anime. Sci. 29:196 (Abstr.).

Pursei, V. G., L. L. Johnson and K. J. Gerrits. 1970. Dis-
tribution of glutamic oxalacetic +transaminase and lac-
tic dehydrogenase activities in boar semen after cold
shock and freezing. Cryobioclogy 7:141.

Pursgei, V. G., L. A. Johnson and G. B. Rampacek. 1972a.
Acrosome morphology of pboar spermatozoa incubated
before colid shock. J. Anim. Sci. 34:278.

Pursei, V G., L. A. Johuson and L. L. Schulmane. 1972b.
Interaction of extender composition and incubation
period on coid shock susceptibility of boar spermato-
zoa. J. Anim. Sci. 35:580.

Pursel, V. G., L. A. Johason and L. L Schulman. 1973a.
Effect of dilution, serinal plasmwa and incubation



123

period on cold shock suceptibility of boar spermatozoa.
J. Anim. Sci. 37:528.

Pursel, V. G., L. B. Jchnson and L. L. Schulman. 1973b.
Fertiiizing capacity of hoar semen stored at 15C. J.
Anim. Sci. 37:532.

Pursel, V. G., L. L. Schulman znd L. A. Johnson. 1973c.
Effect of holding time on storage of boar spermatozoa
at 5C. J. Anim. Sci. 37:785.

Pursel, V. G., L. AK. Johnson and L. L. Schulman. 1974.
Acrosome morphology of boar spermatozoa during in vitro
aging. J. Aniw. Sci. 38:113.

Rodin, I. M. and ¥. I. Lipatov. 1935. Artificial insemina-
tion of pigs. Probl. Zivotn. 9:108. (Anim. Breeding
Lbstr. 4:205).

Roy, R. 1955. Storage of boar and stallion spermatozoa in
glycine-egg yolk medium. Vet. Rec. 67:330.

Futgers, he. 1966. Organization and results of artificial
insemination in pigs in the Wetherlands. world Rev.
Anim. Prod. 2:55 (Suppl.).

Schafer, T. %., A. Pascale, G. Shimonaski and P. E. Cane.
1972. Hvaluation of gentamicin for use in virology and
tissue culture. Applied Microbiology 23:565.

Shams~-Porhan, G., De. Huneau and J. Edmond-Flechon. 1974.
acrosin does not appear to bpe bound to the inner acro-
somal membrane of buli spermatozoza. Jde Exp. Zoo.
209:143.

Singleton, W. L. and D. R. Shelby. 1972. Variation among
btoars in semen characteristics and fertility. J. Anim.
Sci. 34:762.

Sokal, R. R. and F. J. Rohlf. 1979. "Riometry*®. We He.
Freeman and Co., Saun Francisco.

Srivastava, P. ¥., C. E. Adams and E. F. Hartree. 1965.
Enzymic action of acrosomal preparations on the rabbit
ovam in vitro. J. Keprod. Fert. 10:61.

Srivastava, P. ¥., J. ¥. Hunneli, C. H. Yang and C. W.
Foiey. 1974. Sequential relecase of acrosomal mem-
braunes and acrosomal enzvmes of ram spermatozoa. Je.
Reprod. Fert. 36:363.



Stratman, ¥. W. and #. L. Selif. 1960. Effect of semen
volume and number of sperm on fertiiity and embryo sur-
vival in artificially inseminated gilts. J. Anim. Sci.
19:1081.

Stratwan, F. W. and H. L. Self. 1961. Comparison of natu-
ral mating with artificial insemination and influence
of semen voiume and sperk numbers on conception, embryo
survival and litter size in sows. J. Anim. Sci.
20:708.

Stratman, F. We., He L. Self and v. R. Smith. 1958. Ferti-
lization rates obtained with boar semen stored for zero
and twelve hours. J. Anim. Sci. 17:598.

Thacker, Do L. and J. O.Almguist. 1951. Milk and milk-
products as diluters for bovine semen. J. Anim. Sci.
10: 1082 (Abstr.) .

Tiliman, W. L. 1972. Enzymology of speriatozoan penetra-
tion of mammalisn ova. KHS Thesis. Univ. Georgia, Ath-
ens.

Pso, We Wepy Wo lie Lee, K. C. Tsui, ¥. P. Lam and H. Y. W.
Tsc. 1980. sssay of progressive motion of boar sper-
matozoa. Arch. aAndrology 4:315.

Waltz, F. A., C. W. Foley, K. C. Herschier, L. %W. Tiffany
and B. J. Liska. 1968. Bacteriological studies of
poar semen. J. Anim. Sci. 27:1357. '

Wiggins, E. L., H. H. Grummer and L. E. Casida. 195%1. Hin-
imal voliume of semen and number of sperm for fertiltity
in artificially insemination of swine. J. Anim. Sci.
10:138.

¥incek, Te Jo, Ee F. Parrish and K. L. Polakoski. 1¢79.
Fertilization: a uterine glycosaminoglycan stimulates
the conversion of sperw proacrosin to acrosin. Science
203:553.

Yang, C. H. and P. ¥. Srivastava. 1974. Separation and
properties of hyaluronidase from ram sSperm acrosomes.
J. Kkeprod. Fert. 37:17.

Zaneveld, L. J. D. and W. L. W®illiams. 1970. A sperm
enzyme that disperses the corona radiata and its inhib-
ition by decapacitation factor. Biol EKeprod. 2:363.



Zaneveld, L. J. D., K. A. McEorie and W. L. Williams. 19686.
A sperm enzyme that removes the corona radiata from ova
and its inhibition by decapacitation factor. Fed.
Proc. 27:567 (Abstr.). )

Zaneveld, L. Je Do, He Ae McRorie and W. L. Williams. 1969.
Enzymatic removal of the corona radiata of +the ovum.
Fed. Proc. 28:705 (Abstr.) .

Zaneveld, L. Jo. D., Ko L. Polakoski and W. L. Williams.
1972. Properties of a proteolytic enzyme from rabbit
sperm acrosomes. Bicl. Reprod. 6:30.

%aneveld, L. Je. Do, Ke L. Polakoski and G. #. B. Schumacher.
1973. Properties of acrosomal hyaluronidase from bull
spermatozoa. J. Biol. Chem. 248:564.

Zaneveld, L. Je Do, Ko L. Polakoski and G. ¥. B. Schumacher.
1975. The proteclytic enzyme systems of mammalian
genital tract secretions and spermatozoa. In. Reich,
Eey De Bo Rifkin and E. Shaw (Ed.) "Proteases and Bio-
logical Control.” Cold Spring BHarbor, Kew York.
Ppr.083.



APPENDIX



TABLE 1

ANALYSIS OF VARIANCE FOR NORMAL APICAL RIDGE ACROSOMES

General Linear Model Procedure

Source DF Sum of Squares Mean Square F Value R-Square Mean Std. Dev.
Model 55 344637.518 6266.137 99 .,95%** .859 52.667 7.918
Error 204 56675.340 62.694 -

Corrected Total 959 401312.858

Source DF Sum of Squares F Value
Boar? b 2 8159.914 1.97
Ejaculate éBoar) 3 6186.344 32.89%**
Antibiotic 1 51.632 .94
Extender® 1 785.118 .69
Cooling Rate® ] .255 .00
Storage TemperatugeC 1 5312.832 1.03
Boar x Antibiotic 2 109.689 .36
Boar x Extender p 2 2265.476 11.43*
Boar x Cooling Rate 2 616.026 2.34
Boar x Storage Temperatured b 2 10327.627 43.59%*
Ejaculate (Boar) x Antibiotgc 3 456.676 2.43
Ejaculate (Boar) x Extender b 3 297.410 1.598
Ejaculate (Boar) x Cooling Rate b 3 395.741 2.10
Ejaculate (Boar) x SEgrage Temperature 3 355.376 1.89
Antibiotic x Extende 1 214.232 3.42
Antibiotic x Cooling RateP b 1 27.846 44
Antibiotic x Storage Tegperature 1 2011.157 32.08***
Extender x Cooling Rate 1 385.700 6.15%
Extender x Storage Temperatureb 1 1894.221 30.21***
Cooling Rate x Stoarage Temperatureb 1 167.919 2.68

(Continued)

L2l



TABLE 1 (Cont.)

ANALYSIS OF VARIANCE FOR NORMAL APICAL RIDGE ACROSOMES

Source

Sample Hour (linear)® o
Sample Hour (quadratic)

Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample

1

1
Hour (linear) x Antibiotic 1
Hour (quadratic) x Antibjotic 1
Hour (linear) x Extender? 1
Hour (quadratic) x Extender 1
Hour (linear) x Cooling Rate 1
Hour (quadratic) x Cooling RateP 1 5.253 .08
Hour (linear) x Storage Temperature 1
Hour (quadratic) x Storage Temperature” 1
Hour (linear) x Boar : 2
Hour (quadratic) x Boar 2
Hour (linear) x Ejaculate (Boar) 3
Hour (quadratic) x Ejaculate (Boar) 3

DF Sum of Squares F Value

11103.169 93.30*
20.205 .10
16.157 .26
11.216 .18
93.894 1.50
40.909 .65

.868 .01

b
b

b

b 2645.024 42 . 19%%*

3389.750 54.,Q7***
238.021 .05
400.000 .07

6622.493 35, 2] %**

8479.098 45.08***

b

f
b

®The F-test denominator s the ejaculate (boar) mean square.

brpe
CThe

drhe

eThe

fThe

*p
**P
*hkP

F-test denominator is
F-test denominator is
F-test denominator is
F-test denominator is

F-test denominator is

< .05

< .01
< .001

the
the
the
the

the

model error mean square.

appropriate boar x treatment mean square.

appropriate ejaculate (boar) x treatment mean square.
appropriate sample hour x boar mean square.

appropriate sample hour x ejaculate (boar) mean square.

8¢l



TABLE 2

ANALYSIS OF VARIANCE FOR ACROSIN ACTIVITY

General Linear Model Procedure

Source DF Sum of Squares Mean Square F Value R-Square
Mode1 55  1.58 x 1072 2.88 x 1077 57.19% 881
Error 424 2.13 x 1023 5.03 x 10°
Corrected Total 479 1.79 x 102

Source DF Sum of Squares

Board 2 3.42 x 10-4
Ejaculate (Boar)b 3 3.15 x 10’3
AntibioticC 1 1.42 x 10°

Extender® 1 8.46 x 10'2
Cooling Rate® 1 4.22 x 10'6
Storage Temperature® 1 8.11 x 10”

Boar x Antibioticd 2 3.00 x 10"531
Boar x Extenderd p 2 1.32 x 107

Boar x Cooling Rate d 2 1.23 x 107
Boar x Storage Temperature b 2 1.24 x 10'2
Ejaculate (Boar) x Antibiotgc 3 5.48 x 10'4
Ejaculate (Boar) x Extender b 3 3.61 x ]0'7
Ejaculate (Boar) x Cooling Rate ‘ 3 3.50 x 10‘4
Ejaculate (Boar) x Storage TemperatureP 3 1.11 x 107

Antibiotic x Extender? 1 1.58 x 1072
Antibiotic x Cooling Rateb 1 1.73 x 1076
Antibiotic x Storage Tegwperatureb 1 4.94 x ]0“2
Extender x Cooling Rate b 1 7.71 x 107

Extender x Storage Temperature 1 8.16 x 1072
Cooling Rate x Storage Temperatureb 1 1.49 x 1076

Mean

Std. Dev.

1.05 %1072

2.24x10°

F Value

208.
9.
1.

3

(Continued)
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TABLE 2 (Cont.)

ANALYSIS OF VARIANCE FOR ACROSIN ACTIVITY

Source

Sample Hour (linear)®

Sample Hour (quadratic)® ‘
Sample Hour (linear) x AntibioticP
Sample Hour (quadratic) x Antibiotic
Sample Hour (linear) x Extender®
Sample Hour (quadratic) x Extender?
Sample Hour (linear) x Cooling Rate
Sample Hour (quadratic) x Cooling Rate
Sample Hour (linear) x Storage Temperature
Sample Hour (quadratic) x S
Sample Hour (linear) x Boar
Sample Hour (quadratic) x Boarf

Sample Hour (linear) x Ejaculate (Boar)
Sample Hour (quadratic) x Ejaculate (Boar)

DF Sum of Squares F Value

1 4.00 x 1078 .00

1 1.57 x 10‘2 2.02

1 1.88 x 10° 3.74

b 1 1.80 x 1075 3.58
1 8.66 x lo-g 1.72

1 1.29 x 10” 2.57

X 1 2.40 x 1077 .05

1 5.70 x 10~/ .
b - 3.36 x 10-° 6.68%
torage Temperature® 1 9.24 x 10-2 1.84
2 1.79 x 10” 3.77

2 1.56 x 10'2 3.50

b 5 3 7.11 x 10° .47

3 6.66 x 107 .44

The
bThe
“The
IThe
®The
fThe

*p

*k%kp

F-test
F-test
F-test
F-test
F-test
F-test

<..05
< .001

denominator
denominator
denominator
denominator
denominator
denominator

is
is
is
is
is
is

the
the
the
the
the
the

ejaculate (boar) mean square.

model error mean square.

appropriate boar x treatment mean square.

appropriate ejaculate (boar) x treatment mean square.
appropriate sample hour x boar mean square.

appropriate sample hour x ejaculate (boar) mean square.

ocl



TABLE 3

ANALYSIS OF VARIANCE FOR PROGRESSIVE FORWARD MOTILITY

General Linear Model Procedure

Mean Square

Source DF  Sum of Squares
Model 55 23320.073
Error 904 28259.511
Corrected Total 959 51579.583

Source
Board
Ejaculate SBoar)b
Antibiotic
Extender

Cooling Rate®

Storage Temperature®

Boar x Antibioticd

Boar x Extenderd

Boar x Cooling Rated

‘Boar x Storage Temperatured
Ejaculate (Boar) x Antibioticb
Ejaculate (Boar) x ExtenderP
Ejaculate (Boar) x Cooling Rateb
Ejaculate (Boar) x Storage Temperatureb
Antibiotic x Extenderd
Antibiotic x Cooling Rateb
Antibiotic x Storage Tegperature
Extender x Cooling Rate
Extender x Storage Temperatureb
Cooling Rate x Storage Temperature

b

b

424.001
31.261

— ) ot wod e OO D D GO N PO NP e e ed = ) N Ic
=

F Value R-Square Mean Std. Dev.
13.56%** .452 1.521 5.591
Sum of Squares F Value
1335.202 .50
4012.622 42.79%**
229.950 88. 30*
6204.827 29.68*
118.640 3.32
1368.681 12.72
5.208 .01
418.125 .39
71.458 - 67.17%*
215.208 .64
79.375 .85
1601.875 17.08%**
1.875 .02
503.125 5.36**
201.667 6.45%
1.667 .05
15.000 .48
20.417 .65
700.417 22 . 41%**
70.417 2.25

(Continued)
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TABLE 3 (Cont.)
ANALYSIS OF VARIANCE FOR PROGRESSIVE FORWARD MOTILITY

Source DF Sum of Squares F Value
Sample Hour (linear)® ] 3035.078 9.40
Sample Hour (quadratic)® 1 1706. 321 8.83
Sample Hour (linear) x AntibioticP 1 47.198 1.51
Sample Hour (quadratic) x AntibjoticP 1 14.591 .47
Sample Hour (linear) x Extender® 1 2851.171 97,21 %**
Sample Hour (quadratic) x Extender? 1 1619. 389 51.80***
Sample Hour (linear) x Cooling Rate 1 57.815 1.85
Sample Hour (quadratic) x Cooling RateP 1 37.571 1.20
Sample Hour (linear) x Storage Temperatureb b 1 441.229 14.11%%*
Sample Hour (quadratic) x Storage Temperature” 1 204.553 6.54*
Sample Hour (linear) x Boar 2 645.924 .60
Sample Hour (quadratic) x Boar’ 2 386.553 .68
Sample Hour (linear) x Ejaculate (Boar)b b 3 1602.675 17.09%%*
Sample Hour (quadratic) x Ejaculate (Boar) 3 853.480 9.10%**

eel

3The F-test denominator is the ejaculate (boar) mean square.
bThe F-test denominator is the model error mean square.

“The F-test denominator is the appropriate boar x treatment mean square.

dThe F-test denominator is the appropriate ejaculate (boar) x treatment mean square.

®The F-test denominator is the appropriate sample hour x boar mean square.

fThe F-test denominator is the appropriate sample hour x ejaculate (boar) mean square.
*P < .05

**p < .01

**%p < 001



TABLE 4

ANALYSIS OF VARIANCE FOR VIBRATIONAL AND/OR ROTATIONAL MOTILITY

General Linear Model Procedure

Mean Square F Value R-Square

Source DF  Sum of Squares
Model 55 294732.879
Error 904 167127.017
Corrected Total 959 461859. 896

Source

a
Boar
Ejaculate &Boar)a
Antibiotic
Extender

Cooling Rate®
Storage Temperature
Boar x Antibiotic
Boar x Extenderd ,
Boar x Cooling Rate q
Boar x Storage Temperature
Ejaculate (Boar) x Antibiotgc
Ejaculate (Boar) x Extender”
Ejaculate (Boar) x Cooling Rate
Ejaculate (Boar) x Stgrage Temperatureb
Antibiotic x Extender

Antibiotic x Cooling Rateb
Antibiotic x Storage Tegperature
Extender x Cooling Rate

Extender x Storage Temperatureb
Cooling Rate x Storage Temperature

C

b.

b

b

5358.780 28.99%**
184.875

.638

Sum of Squares

1061

671

1791
1314
3117
292
585

8342
175

b v}

3799.
4747.

45759.
333.
1384.
2250.
13714.
154.
1287.

-4696.

523
364
.598
265
279
443
208
375
375
708
.563
563
.563
.063
.604
.604
.938
.104
.604
.104

Mean ~ Std. Dev.

14.010

13.597

F Value

-
W= N W O =t =t
« e e e e e s e .
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TABLE 4 (Cont.)
ANALYSIS OF VARIANCE FOR VIBRATIONAL AND/OR ROTATIONAL MOTILITY

Source DF Sum of Squares F Value

Sample Hour (linear)® 1 16236.335 47.62%*%
Sample Hour (quadratic)® b 1 3283.026 6.33
Sample Hour &]inear) X Antibiotic b 1 455.554 2.46
Sample Hour (quadratic) x Antibjotic 1 77.344 .42
Sample Hour (linear) x Extenderb b 1 1343.206 7.27%*
Sample Hour (quadratic) x Extender b 1 7.584 .04
Sample Hour (linear) x Cooling Rate b 1 1403.488 7.59%*
Sample Hour (quadratic) x Cooling Rate 1 1562.697 8.45**
Sample Hour (linear) x Storage TemperatureP 1 1639.330 - 8.87**
Sample Hour (quadratic) x S%orage Temperatureb 1 2519.137 13.63%**
Sample Hour (linear) x Boar 2 681.976 .23
Sample Hour (quadratic) x Boarf b 2 1037.121 .43
Sample Hour (Tinear) x Ejaculate (Boar) b 3 4340.121 7.83%**
Sample Hour (quadratic) x Ejaculate (Boar) 3 3610.298 6.51***

%The F-test denominator is the ejaculate (boar) mean square.
bThe F-test denominator is the model error mean square.

“The F-test denominator is the appropriate boar x treatment mean square.

dThe F-test denominator is the appropriate ejaculate (boar) x treatment mean square.
®The F-test denominator is the appropriate sample hour x ejaculate (boar) mean square.

*P < .05
**p < .01
***p < 001

velL



TABLE 5

ANALYSIS OF VARIANCE FOR NORMALLY FERTILIZED OVA

R-Square Mean

Source DF Sum of Squares Mean Square F Value Std. Dev.
Model 4 9775.751 2443.938 4.17% .526 74.549 24.222
Error 15 8800.552 586.703
Corrected Total 19 18576.303

Source DF  Sum of Squares F Value
Semen Age 4 9775.751 4.17%

- Contrast DF  Sum of Squares F Value
Semen Age 1 3737.617 6.37%

(Tinear)

Semen Age 1 5879.657 10.02**

(quadratic) '

*P < .05

**p < .01

Gel



TABLE 6

ANALYSIS -OF VARIANCE FOR ABNORMALLY FERTILIZED OVA

**p < .01

Source DF Sum of Squares Mean Square F Value R-Square Mean Std. Dev.
Model 4 9775.751 2443.938 4.17* .526 25.451 24.222
Error 15 8800.552 586.703
Corrected Total 19 18576.303

Source DF  Sum of.Squares 'F Value
Semen Age 4 9775.751 4.17*%

Contrast DF Sum of Squares F Value

" Semen Age 1 3737.617 6.37%
(Tinear)
Semen Age 1 5879.657 10.02**
(quadratic)
*P < .05
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LONG~-TER# STOKAGE OF LIQUID BOAR SPERMATOZOA
by
Charles Kaymond Underwood III

(ABSTRACT)

This study was conducted to: (a) determine the optimum
extender system for two extenders that wili maintain the
highest level of celiular integrity when stored at either 5C
or 15C for a minimum cf 72 hry; (b) evaluate the fertilizing
capacity of stored spermatozoa using the optimum extender
system; (c) critically analyze enzymatic and morphological
changes associated with storage and aging of boar sperrato-
zoa; and (d) characterize properties of ©boar spermatozoa
important to fertilizetion.

The least-squares means for the percentage of normal
apical ridge acrosomes were significantly affected by ejacu-
late within boar (¥<.001), boar x extender (F<.05), boar x
storage temperature (¥.(01), ezxtender x storage temperature
(P<.01), extender x cooling rate (P<.05) and antibiotic x
storage temperature (P<.01) . The regression eguations of
storage time x treatment effect were reported.

The least-sguares means for acrosin activity‘were sig-
nificantly affected by ejacuiate within boar (P<.001), eja-

culate within Dboar x antibiotic (P<.05), ejaculate within



boar x extender (P<.001), edjacualte within boar x storage
temperature and extender x storage temperature (P<.05). The
reqgression of storade tinme % storage temperature was
reported.

The least—-squares means for progressive forward motil-
ity were significantly affected by extender (¥<.05), antibi-
otic (P<.(5), ejaculate within boar (P<.06G1), antibiotic x
extender (P<.05) and extender x storage temperature (P<.01).
The regressions of storage time x treztment effects were
reported.

The least-squares means for vibrational and/or rota-
tional motiiity were affected by ejaculate within boar
(P<.001), ejacualte within boar x extender (P<.001), ejacu-
late within boar x cooling rate (P<.05), antibiotic x exten-
der and extender x storagye temperature (P<.01).

The optimum extender system consisted of Purdue exten-
der containing penicillin/streptomycin and cooled to a 15C
storage temperature in 4 hours. This extender system main-

-y

tained a 70% minimam fertilization rate for 84 hours.
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