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LARSSON, K., S. EINARSSON and L. NICANDER: Influence of 
thawing diluents on vitality, acrosome morphology, ultrastructure and 
enzyme release of deep frozen boar spermatozoa. Acta vet. scand. 197•6, 
17, 83-100. - The present investigation was performed to study the 
eMect of freezing and thawing on boar spermatozoa. Thirty-one ejacu
lates from four boars were investigated after thawing in three different 
thawing diluents (seminal plasma, OLEP, isotonic glucose solution). 

From each ejaculate one sample of 1 x 109 spermatozoa was 
thawed in each of the thawing diluents. Each sample was examined 
in a thermoresistance test in which motility was stimulated with 
caffeine 30 min. and 3 hrs. after thawing. Furthermore, acrosome 
morphology and ASAT release from the spermatozoa were investigated 
for each sample. One ejaculate from the two most frequently used 
boars was examined by electron microscopy af.ter thawing in each of 
the thawing diluents. 

Differences in the aspects studied appeared between isotonic glu
cose solution and the other two thawing diluents in the thermo
resistance test, in the response to caffeine stimulation 3 hl"S. after 
thawing and in the amount of ASAT released from the spermatozoa. 
The influence on the acrosome morphology varied between the 
thawing diluents, but the acrosomal alterations did not seem to be 
connected with the damage reflected by the thermoresistance test and 
by the measurement of extracellufar ASAT activity. 

The ultrastructural investigation showed that all spermatozoa 
examined had some degree of ultrastructural alteration as compared 
with freshly ejaculated boar spermatozoa treated in the same way. 
This alteration could not be related to any of the thawing diluents. 

Of the vari()llls laboratory tests the thermoresistance test and the 
measurement of ASAT release are suggested to be sensitive indicators 
of sperm damage during freezing and thawing. These tests might be 
useful indic·ators of variations in sensitivi•ty of spermatozoa to the 
freezirng-thawing procedure. 
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sample was fixed in fonnol-saline solution according to Hancock 
(1957). In addiition to this a thin smear of unfhed semen was 
prepared and allowed to dry in air on clean microscopic slides. 
The smears were stained according to Bryan (1970). The acro
some morphology of 1for:mol-saline-fiXied spermartozoa was esti
mated by differential counit of 200 cells under phase-c01I1trast 
mic:mscopy alt 900 X magnification. The acrosome morphology 
of Bryan-Slfiai1ned smeail"s, was estimated wiilh bright-field micro
scopy •at 1000 X magnillfioation by di.fferenti'al count of 200 cells 
from ea.oh snt'ear. In the differential counts the acrosomes were 
dilVlided info three ·groups according to the following morpho
logical cri,teri.a: 

NA normal acrosomes with a distinct and even apical ridge and 
without any sign of swelling. 

DA damaged acrosomes. This group included a number of alterations 
in the acrosomes but without loss of acrosomal substance. The 
two most common types appearing in this group were swollen 
acrosomes an:d acrosomes with an uneven anterior border of 
ithe acrosome folding over the nucleus. 

SDA severely damaged acrosomes. The apical ridge was disintegrated 
with an app·arent loss of acrosomal substance. OnJy the equatorial 
,segment seemed in most cases to be unaltered. The few sperma
tozoa that had lost the entire acrosome we·re also included in 
this group. 

U ·l tr a s. tr u ct u r a 1 in v e s ti g a ti on. One ejaculate 
flrom each of boairs 172 .and 388 was .randomly s.elected for elec
tron microscopy in addition to .the other rtes.ts performed. Fiive 
ml portions of eaCJb. th.awed sample were fixed immediaitely alf".ter 
thawing for 30 min. in an equal volume oif a 2 % osmium 
tetroxide soluti001 according to Millonig. Fhed spermatozoa were 
centrifuged for 10 mm. at 156 X g. The s.ediments following 
centrifugation were embedded in Epon. Thin sections were cut 
with dfamond knives, stained with uranyl ,acetate and examined 
in a Philips EM 201 electron microscope. Epididymal and freshly 
co1liected spermatozoa fr:om other boars, treated in the s'ame way, 
were available for compariSIOn. 

AS AT re 1 e·a s e. Immediately after thawing, 10 ml of 
each sample was centrifuged for 15 min. at 3200 X g. Friom the 
S1Upernatant of each centrifuge tube 5 ml was p·ipetted inito a 
plas.tic tube and stored at -20°C until ass,ayed. ASAT was deter-
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mined acoording to the kinetic method for determimlllion of 
ASAT in blood recommended by the Committee on Enzymes of 
the Scandinavirui Society for Clinical Chemistry and Clinical 
Physiology ( 197 4). Commercially avaii.Lahle 'reagents were utilized 
(AB KABI, Stockholm). Determination of activirty was done with 
a LKB 8600 Reaction Rate Analyzer. Two determin1aHorns of 
activity were made from each sample, the mean values being 
used .for calculation of ASAT activi1ty per 1 X 109 spermatozoa. 
Speiim-free samples fr.om each batch of seminal plasma utilized 
ais t:harwing dHuent were analys,ed in the same way and the resul
ting values were uti:lized for correction of background activity. 

STATISTICAL ANALYSES 
Conventional statisticaJ. methods were used to test differences in 

the results of the laboratory tests (Snedecor 1966). Differences within 
ejaculates between thawing diluents were tested with a paired t-test. 
The same method was utilized to test differences between the esti
mations of ac11osome morphology within samples. 

Table lA. Initial post thawing sperm motility (mean± s.e.m.) and 
motility after storage for 00 min. and 3 hrs. of deep frozen sperma-
tozoa from four boars thawed in three diluents with and without 

caffeine stimulation. 

Boar Thawing Initial Storage time at 37°C 
diluent motility 30 min. 3 hrs. 

without c. with c. without c. with c. 

388 A 2,7 ± 2,.5 311±1.8 37 ± 2.2: 11 ± 2.1 31 ± 3.4 
388 c 316 ± 1.5 38±1.2 44 ± 2.5 16 ± 2.7 37 ± 3.-0 
388 D 34 ± 21.3 29 ± 3.3 36 ± 2,.4 1 ± 0.7 2 ± ·0.8 
172 A 2iO ± 2.0 21±3.6 37 ± 2.4 13 ± 1.7 23±1.8 
172 c 29 ± 3.0 3.3 ± 2.4 46±1.8 11±1.6 40 ± 2.4 
172 D 23 ± 3.0 15 ± 3.5 28 ± 4.1 0±0 2±1.2 

1164 A 30 ± 2.2 22 ± 3.8 38 ± 2.0 9 ± 2.4 26 ± 4.-0 
1164 c 33 ± 1.7 33 ± 3.3 44 ± 3.3 6±1.5 22 ± 2.1 
1164 D 34 ± 2.0 21 ± 3.3 217 ± 4.11 1(} ± 0.2 3 ±0.8 

9·66 A 26 ± 3.5 2,3 ± 4.6 38 ± 4.4 3 ± 0.8 18 ± 6.9 
9616 c 30 ± 2.6 29 ± 4.(} 4.3 ± 3.1 1±0.8 25 ± 5.5 
966 D 31 ± 2.4 19 ± 4.5 30 ± 6.1 0± 0.3 2 ± 0.7 

All A 215.8±1.4 214.3 ± 1.8 37.5 ± 1.4 9.0±1.8 2'4.5 ± 2.0 
boars c 32.0±1.3 33.3 ± 1.4 44.3±1.2 8.5±1.6 31.0 ± 2.1 

D 30.5 ± 1.5 21.0 ± 2.0 30 .. 3 ± 2.2 0.3 ± -0.2 21.3 ± 0.5 
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Ta bl e 2A. Acrosome morphology of deep frozen spermatozoa from 
four boars after thawinrg in three diluents as estimated by phase
contmst microscopy (F.s.) or by light microscopy after staining with 
Bryan's tripple sitaining (B). Mean ± s.e.m. values within boars and 
thawing diluents and level of significance of intermethod differences 

within samples. 

Thawing % Method Boar 
diluent sperma- 388 tozoa 172 1164 966 

with 

F.s. 13 ± 1.5 H ± 1.7 9±1.6 H ±2.5 
NA B. 8±1.8 11±1.1 11±2.3 22 ± 3.2 

Seminal diff. n.s. n.s. 
plasma F.s. 11±2.7 rn ± 2.0 9±1.5 3 ± -0.6 

snA B. 22 ± 2.3 215 ± 3.0 19 ± 1.5 16 ± 1.6 
diff. 

------------------------------------------------
F.s. 8 ± 0.8 4 ± 0.7 4±1.0 4±1.4 

NA B. 11 ± 1.4 11 ± 2.1 7 ± 1.7 11±2.0 

OLEP diff. n.s. n.s. 
F.s. 24 ± 1.9 17 ± 2.7 211 ± 2.3 10 ± 1.9 

SDA B. 26 ± 2.1 217 ± 2.8 215 ± 1.8 22 ± 2.6 
diff. n.s. 

------------------------------------------------
F.s. 13 ± 2,.2 9 ± 2.0 8 ± 2.0 13 ± 3.6 

Isotonic 
NA B. 14 ± 2.2 15 ± 2.4 15 ± 1.7 21±3.0 

di.ff. n.s. n.s. 
glucose 

F.s. 25 ± 3.9 19 ± 2.7 2:2, ± 4.1 1iO ± 2.9 solution 
SDA B. 23 ± 2.4 24 ± 2.6 2,3 ± 2.5 16 ± 3.5 

diff. n.s. n.s. n.s. n.'s. 

in isotonic glucose solution. At this time the di1fferenioes in moti
lrirty between smnples thruwed in isotonfo gLucose solution anld 
samples thawed in seminal plasma or in OLEP were 1si,gniif'icant 
or highly significanrt: for ,fuTee of the boars (388, 172, 1164) and 
for rl:he pooled material. In the ejacuiates of boar 966, however, 
the motility 3 hrs. after thawing was poor in all •sampl,es regard
less oif thawing diluent. 

Caffeine sitiimulrution after 30 min.' storage at 37 ° C yielded 
maximum motility in samples thawed in seminal plasma or in 
OLEP. A stimu1'afory effect w:as seen in samples thawed in iso
tonic glucose solution. A simifar tendency was observed after 
3 hrs.' storage, although the efifect on samples thawed in isotonic 
glucose so1wtion was viery poor, in many samples none. The r1e-
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cellular ASAT iactivity di,sc:los.ed obV'ious differences between is<>
tonic glucose solution and the other two thawing diluents. Re
gaird:ing the influence of the thawilllg diluents, the acrosomal 
alJterations do not seem t:o be connected with 1the damage refl.ected 
by the thermaresistance test and by 'the measurement of ext:ra
ce11ulair ASA T aclivHy. 














