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LARSSON, K. and S. EINARSSON: Influence of boars on the re-
lationship between fertility and post thawing sperm quality of deep
frozen boar spermatozoa. Acta vet. scand. 1976, 17, 74—82. — The
aim of this investigation was to evaluate the possibility of selecting
boars for deep freezing by means of laboratory tests on frozen-thawed
spermatozoa.

Thirty-one randomly selected frozen ejaculates from four boars
were investigated by a thermoresistance test after thawing in boar
seminal plasma and in OLEP. Extracellular ASAT activity was
measured in samples from 30 of the ejaculates after thawing in OLEP
and in isotonic glucose solution. Twenty of the ejaculates were utilized
for fertility tests by artificial insemination of 37 gilts preceding the
laboratory investigation.

Three of the boars proved fertile with frozen semen. One of these
boars seemed to yield superior fertility to the other two boars. No
fertility was obtained with frozen spermatozoa from the fourth boar.
Prior to the freezing trial this boar had been used for fresh semen
inseminations giving higher pregnancy rates than the average of
Swedish A.L-boars. This boar was therefore considered a case of “low
freezability”. In the laboratory tests the samples from this boar
showed the lowest motility after 3 hrs.’ storage at 37°C, the highest
relative decrease of motility during the thermoresistance test, the
highest release of ASAT after thawing in OLEP and the highest re-
lative release of ASAT. Analyses of variance indicated significant and
almost significant variation among boars in relative decrease of mo-
tility during the thermoresistance test and in relative release of ASAT.

The results indicate that the boars were the main cause of varia-
tion in fertility as well as in outcome of the laboratory tests. These
results do not permit a complete evaluation of the relationship be-
tween fertility and outcome of the applied laboratory tests. However,
the results indicate a possibility of detecting boars producing sperma-
tozoa with low freezability by means of laboratory tests.

deep frozen boar spermatozoa; fertility; labora-
tory tests; freezability.
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Differences among boars in fertility of frozen-thawed sperma-
tozoa were recently demonstrated (Larsson & Einarsson 1976).
Varying resistance of the spermatozos from different boars to
the freezing-thawing procedure was suggested to be the cause of
the variation in fertility. This difference among boars raises a
need for laboratory methods to select boars with spermatozoa
suitable for deep freezing.

A number of laboratory tests have been utilized to evaluate
the effect of freezing methods, diluents and additives. In a pre-
vious study on the influence of thawing diluents on post thawing
sperm quality (Larsson et al. 1976) the thermoresistance test
and the extracellular concentration of aspartate aminotransferase
(ASAT, GOT, 2.6.1.1.) were assumed to be good indicators of
fertility. However, no information is so far available concerning
the relationship between the outcome of these laboratory tests
and the fertility of individual boars.

The aim of this investigation was to evaluate the possibility
of selecting boars with spermatozoa suitable for deep freezing by
the aforementioned tests.

MATERIAL AND METHODS

Thirty-one randomly selected frozen ejaculates from four
boars were investigated with the laboratory tests. Twenty of these
31 ejaculates were utilized for fertility tests by artificial in-
semination of 37 Swedish cross-bred gilts.

Two Swedish Landrace boars (172, 966) and two Swedish
Yorkshire boars (388, 1164) supplied the semen. The fertility of
the boars was previously tested by inseminations of fresh semen
or at natural service and found to be good. Before and during the
freezing trials their semen quality was examined according to
Holst (1949) and Bane (1961) and found to be good.

Freezing and thawing were performed according to the method
of Crabo & Einarsson (1971) as described by Larsson & Einarsson
(1976). Five ejaculates from each of the four boars were utilized
in the fertility tests. Boar seminal plasma (A) and OLEP (C)
were used as thawing diluents. All gilts were inseminated twice
in their second or third spontaneously occurring heat period with
an interval of about 16 hrs. Each insemination dose contained
67 10° spermatozoa added to 70 ml of thawing diluent. Gilts not
returning into normal oestrus within 25 days after insemination
were slaughtered four weeks after insemination and the number
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of foetuses and corpora lutea (c.l.) were recorded. Gilts returning
into normal oestrus within 25 days after insemination were re-
corded as not pregnant.

In the laboratory tests 1>10° spermatozoa from each ejacu-
late were thawed in 16—18 ml of each of the previously men-
tioned thawing diluents.

Additionally 1) 10° spermatozoa from 30 of the ejaculates
were thawed in 16-—18 ml of isotonic glucose solution for estima-
tion of ASAT release. The preparation of thawing diluents and
the thawing procedure were the same as previously described
(Larsson et al. 1976).

The thermoresistance test included estimation of motility
(percentage of progressively motile spermatozoa) immediately
after thawing and after 3 hrs.’ storage at 37°C.

Preparation of samples for ASAT release was performed ac-
cording to Larsson et al. ASAT was determined according to the
kinetic method for determination of ASAT in blood as recom-
mended by the Commitiee on Enzymes of the Scandinavian Socie-
ty for Clinical Chemistry and Clinical Physiology (1974). Two
determinations were made of the enzyme activity from each
sample and the mean values were used for calculation of ASAT
release per 1X10° spermatozoa. The release of ASAT following
thawing in isotonic glucose solution was in this study considered
an estimate of maximum release. The ratio of ASAT released
after thawing in OLEP, to ASAT released after thawing in iso-
tonic glucose solution was calculated for each ejaculate investi-
gated and is in the sequel referred to as ‘“relative release of
ASAT”. ASAT was not measured in samples thawed in seminal
plasma since seminal plasma per se contains ASAT activity which
might cause less reliable results.

STATISTICAL ANALYSES

Conventional statistical methods were used for test of differences
(Snedecor 1966). Differences between boars in motility during the
thermoresistance test and in ASAT activity after thawing in OLEP
were tested by Wilcoxon’s rank sum test for unpaired measurements.
Variations among boars in relative decrease of motility during the
thermoresistance test and in relative release of ASAT were tested by
an analysis of variance for groups of unequal size.

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***
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Table 1. Results of fertility test. Number of ejaculates utilized,
number of gilts inseminated, number of gilts pregnant and ratios of
foetuses to c.l. in pregnant gilts, as related to boars and thawing

diluents.
Boar Number of Thawing Number of gilts Number of Ratio of foe-
ejaculates diluent inseminated  gilts pregnant tuses to c.l.
172 4 A 4 2 0.48
172 5 C 5 3 0.62
388 4 A 4 2 0.74
388 5 C 5 4 0.76
1164 5 A 5 1 0.64
1164 4 G 4 3 0.60
966 5 A 5 0 —
966 5 C 5 0 —
RESULTS

The results of the fertility test are summarized in Table 1.
From the table it is evident that boar 388 yielded the highest
pregnancy rate and the highest ratio of foetuses to corpora lutea
in pregnant gilts. Boars 172 and 1164 yielded lower pregnancy
rates and lower ratios of foetuses to c.l. in pregnant gilts than
did boar 388. Out of 10 gilts inseminated with spermatozoa from
five ejaculates of boar 966 none conceived. It is thus apparent
that boar 966 produced spermatozoa of extremely low fertility
after freezing and this boar was considered a case of “low freez-
ability”.

Table 2. Results of thermoresistance test after thawing in seminal

plasma.
Boar Number of Initial post thawing Motility 3 hrs. Relative decrease
ejaculates motility post thawing during storage
mean range mean range mean range
172 10 19.5 (10—20) 125 (5—20) 0.25 (0—0.83)
388 9 27.2 (10—35) 11.2 (1—20) 0.58 (0.33—0.90)
1164 6 30.0 (25—35) 87 (0—15) 0.73 (0.57—1)
966 6 25.8 (10—30) 2.5 (0—-5) 0.89 (0.80—1)

In the initial post thawing motility the differences between boars were
not significant.

Three hrs. post thawing the following significant differences between
boars were found: 388—966 (P < 0.05)*, 172—966 (P < 0.01)**. Ana-
lyses of variance indicated significant differences among boars
(P <0.01)** in relative decrease of motility during storage.
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Table 3. Results of thermoresistance test after thawing in OLEP.

Boar Number of Initial post thawing Motility 3 hrs. Relative decrease
ejaculates motility post thawing during storage
mean range mean range mean range
172 10 29.0 (10—35) 11.2 (5—20) 0.51 (0—0.90)
388 9 35.6 (25—40) 159 (5—30) 0.57 (0.14—0.86)
1164 6 33.3 (30—40) 58 (0—10) 0.83 (0.711—1)
966 6 30.0 (20—40) 1.2 (0—5) 0.96 (0.83—1)

The initial post thawing motility did not differ significantly between
boars.

Three hrs. post thawing the following significant differences were
found between boars: 388—1164 (P < 0.05)*, 388—966 (P < 0.01)**,
172—966 (P < 0.01)**. Analyses of variance indicated almost signif-
icant differences in relative decrease of motility during storage
(P< 0.05) ",

Table 2 summarizes the results of the thermoresistance test
of spermatozoa thawed in seminal plasma, and Table 3 presents
the corresponding results for spermatozoa thawed in OLEP.
From these tables it is evident that the initial post thawing mo-
tility was on the same level for all boars. However, after 3 hrs.’
incubation at 37°C the motility in all samples from boar 966 was
very poor. Significant or almost significant differences in per-
centages of motile spermatozoa were found between boar 966
and boars 172 and 388 at the end of the thermoresistance test
regardless of which thawing diluent was used. Moreover, the per-
centages of motile spermatozoa in samples from boar 1164 were

Table 4. ASAT release of investigated ejaculates after thawing in
OLEP and relative release of ASAT after thawing in OLEP.

Boar ASAT release mU/10° spermatozoa Relative release of ASAT
number mean range mean range
of ejaculates
172 9 280 (114—950) 0.28 (0.11—0.65)
388 9 172 (0—398) 0.23 (0—0.59)
1164 6 316 (0—558) 0.44 (0—0.94)
966 6 564 (257—1404) 0.55 (0.22—1)

The release of ASAT after thawing in OLEP was almost significantly
higher (P < 0.05)* for boar 966 than for boars 388 and 172; between
boars 172 and 388 and boars 1164 and 966 the difference were not
significant. Analyses of variance indicated almost significant differen-
ces (P < 0.05)* among boars in relative release of ASAT.
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almost significantly lower than the corresponding values for boar
388. The relative decrease in meotility during the incubation
period varied significantly (after thawing in seminal plasma) or
almost significantly (after thawing in OLEP) among boars, in-
dicating that the boars were the main cause of the variation
observed.

In Table 4 the extracellular activity of ASAT after thawing
is given together with the relative release of ASAT after thawing
in OLEP. The table shows that the release of ASAT was lowest
in samples from boar 388 and highest in samples from boar 966.
The differences between boars 388 and 966 as well as between
boars 172 and 966 were almost significant. The relative release
varied almost significantly among the boars. The lowest value
was obtained for boar 388 and the highest for boar 966. Also
these results indicate that the boars were the main cause of the
variation observed.

DISCUSSION

The results of the present fertility test indicate that boar 966
produced spermatozoa of low freezability. When used for fresh
semen inseminations prior to the present study this boar yielded
higher pregnancy rates than the average of Swedish A.I.-boars.
The other boars utilized were all fertile with frozen semen. Ac-
cording to the present results and a previous study utilizing the
same boars (Larsson & Einarsson 1976) the fertility of boar 388
seemed to be superior to that of boars 172 and 1164. Although the
fertility data available are limited they indicate larger differences
in fertility with frozen semen among boars than between ejacu-
lates within boars.

The laboratory tests as well indicate larger differences be-
tween boars than between ejaculates within boars. The poor fer-
tility of boar 966 was connected with poor in vitro survival and
with high relative decrease of motility of spermatozoa in the
thermoresistance test. These results are in agreement with pre-
vious studies (c.f. Einarsson et al. 1972, 1974, Westendorf et al.
1975, Larsson et al. 1976) in which poor in vitro survival due to
the influence of thawing diluents has been connected with low
fertility of the frozen-thawed spermatozoa. Einarsson & Viring
(1973) showed that spermatozoa with short in vitro survival also
disappeared rapidly from the genital tracts of inseminated gilts.
This might explain the relationship between poor in vitro sur-
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vival and poor fertility in the present study. In agreement with a
previous study (Larsson & Einarsson 1975) the present results
show the limited value of initial post thawing motility as an in-
dicator of sperm quality. However, the relative decrease of mo-
tility during the thermoresistance test proved a valuable indicator
and thus the initial post thawing meotility provided indirect know-
ledge of the sperm quality. Poor post thawing quality of the sper-
matozoa from boar 966 was also reflected by high release of
ASAT after thawing in OLEP and by high relative release of
ASAT. These results are principally in agreement with previous
studies (Larsson & Einarsson 1975, Larsson et al.) in which high
release of ASAT (GOT) after thawing was connected with low
fertility. For frozen bull semen Pace & Graham (1970) found a
significant correlation between fertility and release of GOT and
between fertility and remaining GOT in the spermatozoa.

The material investigated in the present study does not per-
mit analysis of correlation between fertility and outcome of labo-
ratory tests within boars. Until such studies have been performed
the relationship between laboratory tests and fertility can not be
completely evaluated. At present it does not seem to be possible
to select boars of high fertility with frozen semen by means of
the available laboratory tests. However, the present results in-
dicate a possibility of detecting boars producing spermatozoa of
low freezability. Such an evaluation should include a thermo-
resistance test with calculation of relative decrease in motility
and measurement of ASAT release. To estimate the ASAT re-
lease after thawing in OLEP a good comparison will be obtained
by measurement of relative release of ASAT as performed in this
study.

REFERENCES

Bane, A.: Acrosomal abnormality associated with sterility in boar.
Proc. IVth Int. Congr. Anim, Reprod., The Hague 1961, 4, 810—
817.

Crabo, B. & S. Einarsson: Fertility of deep frozen boar spermatozoa.
Acta vet. scand. 1971, 12, 125—127.

The Committee on Enzymes of the Scandinavian Society for Clinical
Chemistry and Clinical Physiology: Recommended methods for
the determination of four enzymes in blood. Scand. J. clin. Lab.
Invest. 1974, 33, 291—306.

Einarsson, S. & 8. Viring: Distribution of frozen thawed spermatozoa
in the reproductive tract of gilts at different time intervals after
insemination. J. Reprod. Fertil. 1973, 32, 117—120.



Frozen boar spermatozoa 81

Einarsson, S., M. Holtman, 0. Soosalu, T. Swensson & S. Viring: Studies
on the fertility and survival of deep frozen boar spermatozoa
thawed in four different diluents. Zuchthygiene 1974, 9, 40—45.

Einarsson, S., 0. Soosalu, T. Swensson & S. Viring: On the fertility
and survival of deep frozen boar spermatozoa thawed in skim
milk. Acta vet. scand. 1972, 13, 446—448.

Holst, S, J.: Sterility in boars. Nord. Vet.-Med. 1949, 1, 87—120.

Larsson, K. & S. Einarsson: Fertility and post-thawing characteristics
of deep frozen boar spermatozoa. Andrologia 1975, 7, 256—30.

Larsson, K. & S. Einarsson: Fertility of deep frozen boar spermatozoa.
Influence of thawing diluents and of boars. Acta vet. scand.
1976, 17, 43—62.

Larsson, K., S. Einarsson & L. Nicander: Influence of thawing diluents
on vitality, acrosome morphology, ultrastructure and enzyme
release of deep frozen boar spermatozoa. Acta vet. scand. 1976,
17, 83—100.

Pace, M. M. & E. F. Graham: The release of glutamic oxaloacetic trans-
aminase from bovine spermatozoa as a test method of assessing
semen quality and fertility. Biol. Reprod. 1970, 2, 140—146.

Snedecor, G. W.: Statistical Methods. Ames, Iowa 1966, 5th Ed.

Westendorf, P., L. Richter & H. Treu: Zur Tiefgefrierung von Eber-
sperma: Labor- und Besamungsergebnisse mit dem Hiilsenber-
ger Pailletten-Verfahren. (Deep freezing of boar semen: Labora-
tory findings and insemination results with the , Hiilsenberger
Pailletten technique). Dtsch. tierdrztl. Wschr, 1975, 82, 261—
267.

SAMMANFATTNING

Galtinflytandet pd sambandet mellan fertilitet och spermiekvalitet
efter upptining av djupfryst galtsperma.

Andamailet med foreliggande unders6kning var att utviardera moj-
ligheterna for selektion av galtar for djupfrysning med ledning av
laboratorieundersokningar av djupfrysta-upptinade spermier.

Totalt undersoktes 31 ejakulat frin 4 galtar med termoresistens-
test efter upptining i spermaplasma fran galt och i OLEP. Extracellu-
lira ASAT-aktiviteten underséktes i prover fran 30 av ejakulaten efter
upptining i OLEP och i isoton glukoslésning. Tjugo av ejakulaten an-
vindes for insemination av 37 gyltor i en fertilitetstest, som foregick
laboratorieundersékningarna.

Tre av galtarna var fertila med fryst sperma. En av dessa tre gal-
tar gav néigot bittre driktighetsresultat &n de 6vriga tvi. Ingen drik-
tighet erhélls med fryst sperma fran den fjarde galten. Fore djup-
frysningsforsoken hade denna galt anvints i A.L-verksamhet med
firsk sperma och dérvid gett béttre driktighetsresultat &n genom-
snittet for svenska A.l.-galtar. Denna galt betecknades déarfor som ett
fall av ,,dalig frysbarhet®“. I laboratorieundersokningarna uppvisade
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proverna frin denna galt ligre spermiemotilitet 4n ovriga galtar efter
3 timmars foérvaring vid 37°C, den hdégsta relativa nedgdngen i moti-
litet under termoresistenstesten, den hogsta frisittningen av ASAT
efter upptining i OLEP och den hogsta relativa frisittningen av ASAT.
Variansanalys pavisade signifikanta och nistan signifikanta skillnader
mellan galtar betridffande relativ nedgéng i spermiemotilitet under
termoresistenstesten och betriffande relativ ASAT frisittning.

Mellangaltsvariationen synes vara den dominerande orsaken bade
vad géaller skillnader i fertilitet och vad giller resultaten av labora-
torietesterna. De foreliggande resultaten mdjliggor inte en fullstindig
utvirdering av sambandet mellan fertiliteten och utgdngen av de an-
vianda laboratorietesterna. Det synes emellertid vara mojligt att med
hjélp av laboratorietester upptickta galtar som producerar spermier
med ,,dalig frysbarhet®.
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