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LARSSON, K. and S. EINARSSON: Fertility of deep frozen boar
spermatozoa. Influence of thawing diluents and of boars. Acta vet.
scand. 1976, 17, 43—62. — In the present investigation the results
of two insemination trials with deep frozen boar spermatozoa are
presented. The aim of the trials was to study the effect of different
thawing diluents and to compare the fertility of deep frozen sper-
matozoa from four boars. The trials utilized a total of 139 gilts.

The thawing diluents used were boar seminal plasma, protein
free seminal plasma, the thawing diluent OLEP and isotonic glucose
solution. The composition of OLEP was based on physical and bio-
chemical analyses of boar seminal plasma. The electrolyte levels, pH
and osmotic pressure of OLEP are similar to those of boar seminal

lasma.
P From the results it is evident that thawing in boar seminal plasma,
protein free seminal plasma and OLEP yielded equal results. Thaw-
ing in isotonic glucose solution yielded significantly poorer results
concerning percentage of fertilized ova 24—48 hrs. after insemination
and almost significantly poorer fertility results four weeks after in-
semination.

The possible effects of the thawing diluents are discussed. With
the freezing procedure applied, electrolyte levels, pH and osmotic

ressure seem to be factors of importance for the survival of the
rozen and thawed spermatozoa and for the maintenance of their fer-
tilizing capacity.

Almost significant differences were found in fertility of sperma-
tozoa from different boars. These differences were reflected in preg-
nancy rates as well as ratio of foetuses to c.1. in pregnant gilts. The
differences were found to be independent of thawing diluent.

The variation seems to be caused by differences in resistance of
the spermatozoa to the freezing and thawing procedure. The need
for laboratory methods for selection of boars with spermatozoa of
good freezability is stressed.

deep frozen boar spermatozoa; fertility; thawing
diluents; freezability.
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During the years 1971—1973 several methods for deep freezing
of boar spermatozoa with maintained fertility were presented
(Crabo & Einarsson 1971, Graham et al. 1971 a, b, Pursel & John-
son 1971 a, b, Richter & Liedicke 1972, Paquignon & du Mesnil
du Buisson 1973). Freezing by the pellet method (Nagase & Niwa
1964) was common for the methods described while composition
of diluents and processing of semen varied greatly.

Thawing was performed in thawing diluents (Crabo & Einars-
son, Richter & Liedicke, Paquignon & du Mesnil du Buisson) or
on preheated teflon pan without further dilution (Graham el
al. 1971 a, b, Pursel & Johnson 1971 a, b).

Since then a number of modifications of the original methods
have been described. These modifications include new thawing
diluents (Einarsson et al. 1972, Boehnke et al. 1974, Romeny
et al. 1974, Pursel & Johnson 1975 a, Richter et al. 1975), dif-
ferent methods of thawing (Boehnke et al., Pursel & Johnson
1974, 1975 a) and also a new method for freezing (Westendorf
et al. 1975).

Frozen spermatozoa thawed in boar seminal plasma have
yielded consistently good pregnancy rates and litter sizes (Crabo
et al. 1972 a, Einarsson et al. 1973). Also thawing diluents con-
taining seminal plasma as one ingredient have proven useful
(Einarsson et al. 1974, Romeny 1974). From a practical point
of view seminal plasma would be less useful than other diluents
which would be easier to produce and handle.

In the papers cited fertility results have been presented
regardless of the boars used. However, differences in freezability
of spermatozoa from different boars have been indicated (Larsson
& Einarsson 1975b). Therefore further investigations of the
occurrence of differences in freezability of spermatozoa from
various boars are necessary. It is also important to establish
whether differences in freezability occur independently of modi-
fications of the freezing methods.

The aims of the present investigation were to:

1. Investigate the importance of some major characteristics of
boar seminal plasma for the maintenance of the fertilizing
ability of deep frozen boar spermatozoa after thawing.

2. Utilize the information obtained for the preparation of a new
synthetic thawing diluent for deep frozen boar spermatozoa
and to evaluate its function in a fertility test.
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3. Compare the fertility of frozen-thawed spermatozoa from dif-
ferent boars.

Parts of the results have previously been reported (Larsson
& Einarsson 1975 a, b).

MATERIAL AND METHODS

This study was carried out in two trials from January 1974
until June 1975. During this period a total of 139 crossbred (Sw.
Landrace X Sw. Yorkshire) gilts were inseminated. Seventy gilts
were inseminated in trial I and 69 were inseminated in trial II.

In trial I one Swedish Landrace (350) and one Swedish York-
shire boar (388) were utilized as sources of semen. In trial II
one Swedish Landrace boar (172) and two Swedish Yorkshire
boars supplied the semen (388, 1164).

Trial 1. A comparison of the fertility of deep frozen boar
spermatozoa thawed in one of three thawing diluents: boar
seminal plasma (A), protein free boar seminal plasma (B), or
isotonic glucose solution (D).

Trial Ila. A comparison of the fertility of deep frozen boar
spermatozoa thawed in boar seminal plasma (A) or in the thaw-
ing diluent OLEP (C).

Experimental procedure

A summary of the utilization of the boars and the gilts in the
different experiments is given in Table 1. Four gilts were excluded
from trials I and Ila due to abnormalities of their genital tracts
found at post-mortem examination. One gilt was excluded from
trial IIb due to heavy backflow of semen during and immediately
after insemination.

In trial I each ejaculate was split for thawing in at least two
of the diluents used. Equal numbers of gilts were inseminated
with spermatozoa from each of two boars after thawing in each
of the diluents used.

Trial Ila was performed as a strict split ejaculate trial. From
each ejaculate utilized one gilt was inseminated with spermatozoa
thawed in diluent A and one gilt was inseminated with sperma-
tozoa thawed in diluent C.
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Table 1. Distribution of gilts and utilization of boars in trial I,
trial IIa and trial IIb.

Number of gilts

Boar Thawing insemi- designated designated excluded
diluent nated for slaughter for slaughter
24—48 hrs. four weeks
after insemi- after insemi-
nation nation
Trial I
388 A 15 4 11 1
388 B 10 2 8
388 D 10 5 5
350 A 15 4 11
350 B 10 2 8
350 D 10 4 6
Trial ITa
388 A 10 10 1
388 G 10 10
172 A 10 10
172 C 10 10
1164 A 10 10
1164 C 10 10 2
Trial IIb
388 C 4 3 1
172 C 8 2
1164 C 3 3

In addition to trial IIa nine gilts were inseminated with
spermatozoa thawed in diluent C and slaughtered 24—48 hrs.
later (trial llb). For these inseminations portions of ejaculates
previously mtilized in trial Ila were used.

No control of the frozen-thawed semen was performed before
insemination i.e. the quality of the frozen-thawed semen was
unknown at the time of insemination.

Boars used

The fertility of the boars was previously lested in natural
service and/or by artificial insemination with fresh semen and
was found to be good. The semen quality of the boars was con-
trolled before and during the irials and judged as normal accord-
ing to the classification of Holst (1949) and Bane (1961).
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Collection and processing of semen

Semen was collected and frozen once a week. Only the sperm-
rich fraction of the ejaculates was utilized for freezing. In trial I
an artificial vagina and in trial II the gloved hand technique
were used for collection of semen. Within 20 min. after collection
the motility (the percentage of motile spermatozoa) of the native
semen was estimated. Ejaculates with less than 70 % motile
spermatozoa were discarded. The sperm concentration as esti-
mated with an EEL absorptiometer varied between 0.9 and 1.4 X
10° spermatozoa per ml in the utilized fractions. The semen was
allowed to cool to room temperature (20—24°C) over a 1 hr.
period. After that, dilution 1:1 (v/v) was performed and the
diluted semen was cooled in a waterbath in a refrigerator to 5°C
over a 3 to 4 hr. period. Thereafter it was diluted once again 1:1
and immediately after the final dilution frozen in 0.1 ml pellets
on dry ice. The pellets were stored in liquid nitrogen until used.
The diluent used was TESNaK-glucose-egg yolk buffer with the
following composition: 70 % TESNaK (Crabo et al. 1972b),
10 % of a 5.5 % isotonic glucose solution (ACO Stockholm) and
20 % of hens egg yolk. The diluent was prepared according to
Crabo et al. (1972a). At the second dilution the diluent was
added with 5 % glycerol, thus the final glycerol concentration
was 2.5 %.

Thawing diluents and thawing procedure

The seminal plasma used was in most cases the cen-
trifuged sperm-poor fractions of the ejaculates collected for
freezing. Additionally in trial I seminal plasma from a boar with
total testicular hypoplasia and from two bilaterally vasectomized
boars was used. Limited tests did not indicate any influence on
fertility related to the different origin of the seminal plasma.
Consequently in presenting the results all inseminations per-
formed with spermatozoa thawed in seminal plasma have been
pooled.

The protein free seminal plasma was prepared
by using a Millipore 142 mm Laboratory Ultrafiltration system.
This procedure excluded substances with molecular weights
exceeding 1000. For this purpose seminal plasma from a boar
with total testicular hypoplasia and the centrifuged sperm poor
fractions mentioned above were utilized.



48 K. Larsson & S. Einarsson

Table 2. Composition of OLEP.

Ingredient Amount (g)
Fructose 5.0
Sodium pyruvate 540
CaCl, 0.06
MgCl, 0.865
KCl 1.2
NaCl 3.5
NaHCO, 0.84

After addition of benzylpenicillin seminal plasma and protein
free seminal plasma were stored in 70 ml portions at —20°C
until used.

When seminal plasma of the centrifuged sperm-poor fractions
was used as thawing diluent the spermatozoa and the seminal
plasma derived from the same boar.

Random samples of seminal plasma and of protein free semi-
nal plasma used for thawing in trial I were analysed for concen-
trations of sodium, potassium, chloride, calcium, magnesium and
proteins. Furthermore pH and osmotic pressure were determined.
The methods used were previously described by Einarsson
(1971).

Table 3. Results of biochemical analyses of seminal plasma from
six ejaculates of three boars before and after ultrafiltration. Calculated
values of OLEP are given as comparison.

Electrolyte Seminal plasma Ultrafiltrate OLEP
(meq/1) (mean =+ 8) (mean =+ s)

Sodium 117.8 +=11.2 116.7 =+ 10.3 115
Potassium 15.0 = 0.8 151 = 1.2 15
Chloride 99.7 =118 100.0 =11.3 95
Magnesium 21.98 = 14.51 13.97 = 5.73 16.5
Calcium 1.22 = 0.33 0.88 + 0.13 1.0
Total

protein (mg/100 ml) 3.0 = 1.6 0 —_
pH 7.87x 0.26 8.44 = 0.23 7.8
Osmotic pressure

(mosm/1) 319.0 + 3.8 299.5 =121 328

Ph and osmotic pressure are significantly different between whole
seminal plasma and ultrafiltrate.
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As is evident from the results (Table 3) the levels of the
electrolytes analysed were about equal in whole seminal plasma
and in protein free seminal plasma. Neither were there any dif-
ferences in the fertility aspects studied when using whole semi-
nal plasma or protein free seminal plasma as thawing diluent
(Tables 4, 5).

Utilizing these results a thawing diluent O LEP was pre-
pared. Its electrolyte composition of Na, K, Cl, Ca, and Mg
was almost identical with that of seminal plasma. Also its pH
and osmotic pressure closely resembled those of seminal plasma
(Table 3). OLEP was prepared under sterile conditions according
to the description in Table 2. The ingredients were dissolved in
sterile water to a volume of 1000 ml and pH was adjusted with
NaOH and HCI to 7.8. From preparation until usage the solution
was stored in a refrigerator. Maximum storage time was one
month.

The isotonic glucose solution used was a com-
mercial 5.5 % preparation (ACO Stockholm). This solution was
stored under the same conditions as the OLEP solution.

Independent of thawing diluent, the thawing
procedure was the same. Portions of approx. 30 pellets
were transferred into the thawing diluent kept at 35°C in a hot
water bath. The temperature in the thawing diluent varied be-
tween 30 and 35°C throughout the thawing procedure.

In the time between thawing and insemination prepared doses
were kept at approx. 35°C in preheated vacuum flasks. The time
from thawing to insemination varied from 5 to 20 min. depending
on, how many doses had to be prepared.

Heat determination and insemination

Heat control was performed once a day by an experienced
stockman with the aid of vasectomized boars.

Before the trials were started an insemination scheme was
settled for the use of semen and thawing diluents. Thus selection
of gilts according to heat intensity was avoided. Inseminations
were performed with rubber spiral-tip cathelers according to
Melrose & O’Hagan (1961). All gilts were inseminated twice
during their second or third observed heat period. The insemi-
nations were performed during the afternoon of the first oestrus
day and before noon on the following day with 16—20 hrs. inter-
vals.
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Each insemination dose contained a total of 6  10° sperma-
tozoa relying on the absorptiometric determination of initial
sperm concentration and regardless of post-thawing motility. The
spermatozoa were added to 70 ml of thawing diluent, the average
volume of the insemination doses being 90 ml.

Fertility tests

Twenty-one of the gilts in trial I and the nine gilts in trial IIb
were slaughtered 24—48 hrs. after insemination in order to study
the number of gilts with fertilized ova and the total percentage
of fertilization occurring when using the different thawing di-
luents. Of the remaining gilts all gilts not returning to normal
oestrus within 25 days after insemination were slaughtered four
weeks after insemination.

The genital organs of these gilts were examined within 2 hrs.
after slaughter. Numbers of corpora lutea (c.l.) and of foetuses
were recorded. Gilts returning into normal oestrus within 25
days after insemination were considered non pregnant.

From the gilts slaughtered 24-—48 hrs. after insemination the
genital organs were removed immediately after stunning and
bleeding. Within 45 min. the genital organs were examined and
the numbers of cl. in the ovaries were recorded. The oviducts
were cut into an isthmic and an ampullary part. These parts and
the proximal 10 cm of the uterine horns were flushed with 5 ml
of physiological saline solution each. The flushing fluids were
collected in separate tubes and examined for presence of ova
under a dissection microscope at 15 X magnilication. Wet pre-
parations of recovered ova were examined for cleavage under a
phase contrast microscope with a maximum of 400 X magni-
fication. Numbers of recovered and cleaved ova were recorded.
Only normally cleaved ova were judged as fertilized.

STATISTICAL ANALYSES

Statistical analyses were performed to test differences between
thawing diluents in their effect on fertility of boars and also dif-
ferences among boars within thawing diluents.

The methods used were chosen to be useful for small numbers
of observations and for groups of different sizes. Where no statistical
analyses were possible, conclusions were drawn from numerical dif-
ferences. The methods used are described in statistical textbooks (c.f.
Snedecor 1966, Lindstrém 1975).
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Differences in ratios of fertilized ova to recovered ova were tested
with chi-square analyses.

In the following text “fertility” refers to both pregnancy rate and
relative litter sizes (ratios of foetuses to corpora lutea) in pregnant
gilts.

Differences in fertility four weeks after insemination were tested
by Wilcoxon’s rank sum test for unpaired measurements. The value
of the ratio of foetuses to corpora lutea (c.l.) was used as a fertility
index for each gilt. Non-pregnant gilts were given the value of zero.
This procedure admitted a comparison between groups including
pregnancy rates (number of zeros) as well as ratios of foetuses to c.l.
in pregnant gilts. Additionally differences in pregnancy rates were
tested by Fisher’s test for small numbers of observations.

In trial ITa the influence of boars on ratio of foetuses to c.l. in
pregnant gilts was tested by a variance analysis for groups of unequal
sizes.

The degree of significance is expressed as follows:

0.05 >P > 0.01 almost significant”

0.01 > P > 0.001 significant**

P < 0.001 highly significant***

RESULTS
Comparison between thawing diluents
Early fertility results

The fertility results of gilts slaughtered 24—48 hrs. after
insemination in trial I are summarized in Table 4. The most
striking effect of the thawing diluents on the fertility is the low
percentage of fertilized ova following thawing in isotonic glu-
cose solution. Only 9 % of the recovered ova were fertilized when
using this thawing diluent. This is highly significantly lower
than the fertilization rate after thawing in the other diluents
used. Also the percentage of gilts with fertilized ova is lower
after thawing in isotonic glucose solution than with the other
diluents although the differences are not statistically significant.
There were no statistically significant differences between se-
minal plasma and protein free seminal plasma either in percen-
tages of gilts with fertilized ova or in percentages of fertilized
ova.

Out of the eight normal gilts inseminated in trial IIb with
spermatozoa thawed in OLEP, seven had fertilized ova, and the
incidence of fertilization in recovered ova from all slaughtered
gilts was 42 %. This is highly significantly superior to the re-
sults obtained after thawing in isotonic glucose solution in trial
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Table 4. Number of gilts with fertilized ova, total numbers of cor-
pora lutea (c.l.), of recovered ova and of fertilized ova in all gilts
slaughtered 24—48 hrs. after insemination in trial I

Thawing Number of gilts Total numbers of Percentage of
diluent fert. ova out
inse- with fert. ova c.l. recovered fert. of recovered
minated _— ova ova
n %
A 8 5 63 98 83 38 46
B 4 4 100 45 33 22 63
D 9 4 44 96 88 8 g

The incidence of fertilized ova in group D is highly significantly dif-
ferent from the results after thawing in diluents A and B. The dif-
ference in percentage of fertilized ova between A and B is not statis-
tically significant.

I. On the other hand the results of thawing in OLEP were not
significantly different from those obtained after thawing in se-
minal plasma or in protein free seminal plasma in trial L

Fertility four weeks after insemination

The fertility results four weeks after insemination in trial I
are given in Table 5 and the fertility results of trial Ila are
given in Table 6.

From Table 5 it is evident that for both boars involved the
fertility was almost significantly lower (P <0.05) when thawing
was performed in isotonic glucose solution than after thawing
in seminal plasma or in protein free seminal plasma. The preg-
nancy rate for boar 350 was significantly and almost signifi-
cantly lower after thawing in isotonic glucose solution than after
thawing in seminal plasma and in protein free seminal plasma.
Also for boar 388 the pregnancy rate was lowest after thawing
in isotonic glucose solution although not significantly lower than
after thawing in seminal plasma or in protein free seminal
plasma.

In trial IIa (Table 6) the pregnancy rate of 75 % following
thawing in OLEP was almost significantly higher than the per-
centage of 20 after thawing in seminal plasma for boar 1164.
However, the rank sum test of the difference in total fertility
between the diluents for this boar did not indicate any signifi-
cant difference (P > 0.05). The reason for this is that the gilts
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Table 5. Numbers of normal gilts inseminated, number of gilts not

returning into normal oestrus within 25 days post insemination (25d.

N.R.), pregnancies and numbers of corpora lutea (c.L.) and foetuses

and ratios of foetuses to c.l. in pregnant gilts slaughtered four weeks
after insemination in trial I.

Boar Thawing Number of gilts In pregnant gilts Ratio of foetuses
diluent to c.l.
ins. 25d. pregn. % mean mean —_—
N.R. number number of range mean
of c.l. foetuses
350 A 11 9 8 73 13.0 7.6 0.29—0.75 0.59
350 B 8 6 5 63 13.4 7.6 0.33—0.83 0.58
350 D 6 4 0 0 —_— —_ —
388 A 10 9 9 90 12.2 8.6 0.33—1.0  0.70
388 B 8 7 7 88 11.6 8.6 0.38—1.0 0.74
388 D 5 3 2 40 12.5 4.0 0.17—0.46 0.32

Statistical analyses
Differences in fertility between thawing diluents

Boar Comparison Differences in pregnancy rate
350 A—B P>0.05 A—B P> 0.05

350 A—D P <0.05* A—D P<0.01**

350 B—D P <0.05" B—D P < 0.05*

388 A—B P>0.05 P > 0.05 for all comparisons
388 A—D P<0.05*

388 B—D P<<0.05"

Differences in fertility between boars within thawing diluents
Diluent:

A P >0.05
B P < 0.05"
D P > 0.05

pregnant after insemination with spermatozoa thawed in se-
minal plasma had high ratios of foetuses to c.l. Thus the con-
clusion from the results of this trial is that no obvious differ-
ences have occurred between OLEP and seminal plasma in main-
taining the fertilizing capacity of the frozen-thawed sperma-
tozoa.

From Tables 5 and 6 it is evident that the incidence of non-
pregnant gilts not returning to normal oestrus have been highest
in “low fertility” groups, c.f. boar 350 diluent D trial I and boar
172 trial Ila.
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Table 6. Number of normal gilts inseminated, number of gilts not

returning into normal oestrus within 25 days post insemination (25d.

N.R.), pregnancies and numbers of corpora lutea and of foetuses and

ratios of foetuses to c.l. in pregnant gilts slaughtered four weeks after
insemination in trial IIa.

Boar Thawing Number of gilts In pregnant gilts Ratio of foetuses
diluent to c.l.
ins. 25d. pregn. % mean mean
N.R. number number of range mean
of c.l. foetuses

388 A 9 8 7 78 13.3 10.0 0.50—1.0 0.75
388 C 10 8 8 80 13.5 11.0 0.64—1.0 0.81
172 A 10 6 4 40 12.0 5.5 0.33—0.57 0.46
172 C 10 7 4 40 13.3 8.5 0.47—0.80 0.64
1164 A 10 3 2 20 13.5 8.0 0.56—0.69  0.59
1164 C 8 6 6 75 12.5 7.7 0.29—0.90 0.61

Statistical analyses

Differences in fertility between A and C for each boar P > 0.05 for
all differences.

Differences in pregnancy rate between A and G within the boars,
boar 388 P > 0.05, boar 1164 P < 0.05*.

Analyses of variance between boars in ratio of foetuses to c.l. in preg-
nant gilts, diluent A P < 0.05*, diluent C P > 0.05.

Differences in fertility between boars in diluent C,

388—172 P < 0.05*, 388—1164 P > 0.05, 1164—172 P > 0.05.

Comparison of boars on fertility of frozen-thawed spermatozoa

The possibilities for statistical analyses of differences in fer-
tility among the boars used are limited by the small numbers of
gilts inseminated in each experimental group. The overall im-
pression of the results is that such differences have occurred in
the present investigation.

In trial I the fertility of spermatozoa from boar 388 was al-
most significantly higher (P < 0.05) than for boar 350 after
thawing in protein free seminal plasma.

In trial IIa analyses of variance showed thal after thawing in
seminal plasma the ratios of foetuses to cl. in pregnant gilts
varied almost significantly (P < 0.05) among the boars. Follow-
ing thawing in OLEP analyses of variance did not indicate any
significant differences in ratios of foetuses to cl. in pregnant
gilts caused by the boars. However, when the fertility of boar
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388 was compared with that of boar 172 the difference was al-
most significant (P < 0.05).

From these results it can be concluded that differences in
fertility of the frozen-thawed spermatozoa have occurred among
the boars used. The differences seemed to affect pregnancy rates
as well as litter sizes, i.e. ratios of foetuses to c.l. in pregnant
gilts. Furthermore the differences occurred regardless of thawing
diluents.

DISCUSSION

In the fertility tests performed all gilts were inseminated
twice during a spontaneously occurring heat period with 6 X 10°
spermatozoa per insemination dose. All imseminations were
carried out by the same person. Trial I was to a large extent a
split ejaculate trial while trial Ila was performed strictly as a
split ejaculate trial. Thus the results obtained could be regarded
as reliable and representative for the method used and as to the
comparison of thawing diluents, although the number of gilts
within each experimental group was limited.

From the results of the present investigation it is evident
that thawing in seminal plasma, protein free seminal plasma
and in OLEP yielded equal fertility results. Thawing in isotonic
glucose solution, on the other hand, yielded low fertility.

The percentages of fertilized ova recovered in gilts slaughtered
24—48 hrs. are lower than those reported by Pursel & Johnson
(1975 a, b). However, it should be noted that in the present study
the percentages of fertilized ova have been calculated on the total
number of ova recovered not from gilts with fertilized ova only.
Furthermore only cleaved ova have been recorded as fertilized.
Regarding the time needed for cleavage of fertilized pig ova
(Alanko 1974, Brinster 1974, Hunter 1974) one-cell stages of
fertilized ova might have been recorded as not fertilized. This
could have happened in gilts with ovulation late in oestrus who
were slanghtered 24 hrs. after insemination. However these cases
have most likely not affected the overall results.

In the gilts belonging to diluent groups A, B and C slaughtered
four weeks after insemination the pregnancy rates and the mean
numbers of foetuses in pregnant gilts closely resembled those
obtained with artificial insemination with fresh boar semen in
Sweden (SHS 1974). Even if some decrease in litter size were to
occur from four weeks of pregnancy until parturition the litter
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sizes still would be acceptable. In gilts inseminated with sperma-
tozoa thawed in isotonic glucose solution the pregnancy rates
four weeks after insemination were very low. On the other hand
in this group a comparatively high percentage of the non-pregnant
gilts did not return in oestrus within 25 days afier insemination.
This indicates that fertilizations have occurred but the numbers
of fertilized ova have not been high enough to ensure a continued
pregnancy (Polge et al. 1966).

The optimum values of osmotic pressure in diluents for boar
spermatozoa have been pointed out by several workers (c.f. Mann
1964, Pursel & Johnson 1975 a). In the present study isotonic
glucose solution turned out to be a less efficient thawing diluent.
In a previous report Crabo et al. (1972 a) got comparably poor
results when using TESNaK-glucose as thawing diluent. It could
thus be concluded that, with the freezing procedure used, physio-
logical levels of osmotic pressure and of pIl in the thawing
diluent are not enough to maintain the fertilizing ability of the
frozen-thawed spermatozoa.

In seminal plasma, protein free seminal plasma and OLEP,
not only pH and osmotic pressure, but also the amounts of Na,
K, Cl, Ca and of Mg are on equal levels.

The difficulty in estimating the proper time of insemination
during the long heat period of sows and gilts demands that the
fertilizing capacity of inseminated spermatozoa must be main-
tained during a comparatively long period of time and/or that
inseminations are carried out twice during the oestrus period.
Einarsson & Viring (1973) showed that the number of sperma-
tozoa persisting in the genital tract of gilts inseminated with
deep frozen spermatozoa thawed in seminal plasma was higher
than in gilts inseminated with spermatozoa thawed in TESNaK-
glucose. The in vitro-survival at 37°C of spermatozoa thawed in
seminal plasma or in OLEP seems to be equal while spermatozoa
thawed in isotonic glucose solution have a shorter time of in vitro
survival (Larsson et al. 1976). Most likely there is a correlation
between in vitro and in vivo survival. If so, a common effect of
seminal plasma, protein free seminal plasma and OLEP would
be to maintain the fertilizing capacity of the frozen-thawed
spermatozoa for a sufficient time to permit fertilization within
the female genital tract.

Possible causes of the favourable results following thawing in
seminal plasma, protein free seminal plasma and OLEP are the
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electrolyte levels, the pH and the osmotic pressure common for
these diluents. Graham & Crabo (1972) stated that low ionic
strength in diluted semen prepared for freezing was of impor-
tance for good survival and for minimizing enzyme leakage from
the spermatozoa during the freezing-thawing procedure. In the
present study this aspect was considered by a three-fold dilution
with a diluent of low ionic strength before freezing. Apparently
in semen prepared in this manner there is a need for a thawing
diluent that can compensate for the prefreezing withdrawal of
electrolytes.

Weil & Rodenburg (1962) showed that spermatozoa are
coated with proteins originating from the accessory sex glands.
These coating proteins may be of importance for the fertilizing
capacity of the spermatozoa (cf. Crabo & Hunter 1975). An
important function of the thawing diluent would be to preserve
this protective coating. It seems probable that seminal plasma
and protein free seminal plasma as well as OLEP do act in this
way. The electrolyte composition of all these media are similar
(Table 3).

Iritani et al. (1974) analysing uterine and oviductal secre-
tions of oestrus sows found levels of sodium, potassium and
chloride very similar to those of seminal plasma. The uterine
fluids have been considered to play an important role in capa-
citation of mammalian spermatozoa (cf. Bedford 1970, 1974).
Oliphant & Brackett (1973) found that solution with high ionic
strength, i.e. high levels of sodium in culture media, promoted
in vitro capacitation of mice spermatozoa.

Considering the chemical composition of seminal plasma,
protein free seminal plasma and OLEP it would be expected that
they do not interfere with the biochemical environment within
the female genital tract of the oestrus sow. Possibly interaction
between the intrauterine secretions and the biochemical proper-
ties of the insemination doses promotes capacitation of the
spermatozoa.

Brooks & Mann (1973) found that pyruvate was preferably
utilized as energy source by boar spermatozoa. Brinster stated
that pyruvate was an essential substrate for all early cleavage
stages of mammalian embryos. Einarsson et ai. (1976) showed
that molecules of different sizes inseminated via the cervix after
suspension in seminal plasma enter the oviducts of oestrus gilts
within 1 hr. after insemination.
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A hypothesis about the effects of seminal plasma, protein
free seminal plasma and OLEP as thawing diluents could be
summarized as follows: At thawing the protective protein coat
of the spermatozoa is maintained. After thawing the diluents
provide enough available energy and a favourable electrolyte
balance for sufficient survival of the spermatozoa. The thawing
diluents do not interfere with the biochemical environment
within the genital tract of the oestrus sow. Possibly interaction
between the intrauterine secretions and the components of the
diluents promotes capacitation of the spermatozoa. Pyruvate ori-
ginating from OLEP and similar substances probably present in
seminal plasma might be of importance for the embryonic de-
velopment following conception.

In a brief communication preceding the present report (Lars-
son & Einarsson 1975 b) differences in fertility following in-
semination with frozen-thawed spermatozoa from different boars
were indicated. From the results of the present investigation it
is evident that such differences exist and that they affect preg-
nancy rabe as well as ratio of foetuses to c.l. in pregnant gilts.
There also appears to be boars with lower fertility of their fro-
zen-thawed spermatozoa than those used in the present invest-
igation although their fertility with fresh semen was good (Lars-
son & Einarsson 1976). The differences between boars occurred
independent of thawing diluent. It therefore seems probable that
the differences between boars were related to different resistance
of the spermatozoa to freezing and thawing.

The frequency of boars with low freezability of their sperma-
tozoa, but with a normal semen quality, is so far unknown. The
establishment of selection criteria for good freezability other than
fertility tests seems to be of great importance. Such work is in
progress (Larsson & Einarsson 1976).
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SAMMANFATTNING

Fertilitet med djupfryst galtsperma. Inverkan av tiningsmedier och
av gallar.

I detta arbete redovisas fertilitetsresultaten frdn tvd insemina-
tionsférsék med djupfryst galtsperma. Avsikten med forséken var dels
att studera effekten av olika tiningsmedier och dels att jimfora frukt-
samheten av djupfrysta spermier fran fyra olika galtar. Férséken om-
fattar totalt 139 gyltor.
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De anvinda tiningsmedierna har varit spermaplasma fran galt,
proteinfri spermaplasma, tiningsvitskan OLEP samt isoton glykos-
16sning. OLEP komponerades pa grundval av nigra av spermaplasmans
fysikaliska och biokemiska egenskaper. Osmotiskt tryck, pH och elek-
trolytsammanséittning hos OLEP é&r likvirdiga med spermaplasmans
motsvarande egenskaper.

Effekten av tiningsvitskorna har undersokts i split-ejakulat forsdk
och observerade skillnader kan helt héinféras till respektive upptinings-
medium.

Resultaten visar att upptining i spermaplasma, proteinfri sperma-
plasma och i OLEP har givit likviardiga resultat. Upptining i isoton
glykoslosning har givit signifikant sdmre resultat vad avser andel be-
fruktade dgg 24-—48 timmar efter insemination. Vidare var fertiliteten
4 veckor efter insemination niistan signifikant ligre for gyltor insemi-
nerade med spermier upptinade i isoton glykoslésning.

Mojliga verkningsmekanismer fér de olika tiningsvitskorna disku-
teras. Elektrolytsammanséttning, pH och osmotiskt tryck i tinings-
mediet synes med tillimpad djupfrysningsmetod vara av betydelse for
de upptinade spermiernas o6verlevnad och befruktningsférmaga.

Néstan signifikanta skillnader i fertilitet konstaterades mellan
sperma frin olika galtar. Dessa skillnader berdrde sivil driktighets-
procent som kullstorlek. Skillnaderna foreldg oberoende av om upp-
tining skett i spermaplasma eller i OLEP. Variationsorsaken synes vara
varierande resistens hos spermierna under djupfrysning/upptining.
Behovet av laboratoriemetoder for utvirdering av spermier fran olika
galtar poéangteras.
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