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Krogemes, A., K. Andersen Berg, A.L. Hafne and E. Engeland: Membrane alterations 
in bnll spermatozoa after freezing and thawing and after in vitro fertilization. Acta vet. 
scand. 1994, 35, 17-26. - Membrane alterations m bull spermatozoa after freezmg and 
thawmg and after the process of m vitro capacitation and fertihzat10n were studied by 
scanmng electron microscopy (SEM) and transm1ss1on electron microscopy (TEM). 
Even 1f the maionty of the spermatozoa exhibited mtact membranes after freezmg and 
thawmg (90% ), one could distmgmsh between 3 types of membrane defects dependmg 
of the different structures mvolved. The first type showed loss of plasmalemma over 
the entire acrosome. In the second category the antenor part of the outer acrosomal 
membrane exh1b1ted a pronounced extension, but was covered by a partly mtact plas­
malemma. The last category consisted of spermatozoa with extensive vesiculation and 
d1srupt10n of plasmalemma and the outer acrosomal membrane. This type of defect 
could not easily be d1stmgmshed from a true acrosome reaction. The cumulus cells 
showed an active phagocytos1s of both mtact and acrosome reacted spermatozoa. 

acrosome reaction; bull spermatozoa; in vitro fertilization; cumulus oophorus; elec­
tron microscopy. 

Introduction 
Mammalian spermatozoa must undergo ca­
pacitation and a subsequent acrosome reac­
tion (AR) prior to penetration of zona pellu­
cida and fertilization of the ovum (Bavister 
1973, Austin 1975, Gwatkm 1977, Richardson 
et al. 1991). The oviductal fluid contains glyco­
saminoglycans of which heparin is probably 
the most important capacitating factor. Hep­
arin has also been shown to an effective ca­
pacitating factor in in vitro fertilization 
systems (Parrish et al. 1985). Capacitation is 
considered to be a prerequisite for the acro­
some reaction which results in release of en­
zymes necessary for penetration of zona pel­
lucida and, in some species, probably also the 
cellular investment outside this structure. 

(Austin & Bishop 1958,Austin 1975, Austin & 
Bavister 1975). For different species several 
authors have shown that the acrosome reac­
tion of penetrating spermatozoa occurs at the 
zona pellucida ( Gwatkin et al. 1976, Szolldsz & 
Hunter 1978, Florman & Storey 1982, Crozet 
1984). Gwatkin et al. (1976) showed that ham­
ster sperm became infertile if they underwent 
an acrosome reaction apart from the egg, and 
that to penetrate zona pellucida and subse­
quently get in contact with the egg, the sperm 
had to undergo the acrosome reaction on the 
surface of the zona. 
Two types of AR have been described for 
mammalian spermatozoa, a true AR (TAR) 
consisting of progressive vesiculation of the 
outer acrosomal membrane and the overlying 
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plasmamembrane, and a false AR (FAR) in 
which the acrosomal changes occur in associ­
ation with sperm death and/or irreversible in­
jury (Bedford 1970, Meizel 1978). 
This investigation was carried out to study the 
membrane alterations in bull spermatozoa af­
ter freezing and thawing and during the pro­
cess of in vitro fertilization. The aim was also 
to see whether EM studies enables differenti­
ation of spermatozoa which have undergone a 
TAR from those which have undergone a 
FAR. 

Materials and methods 
Semen from bulls from Norwegian Cattle was 
used in these experiments. After collection 
the semen was first diluted to a sperm concen­
tration of 200x106 I ml with an extender con­
taining 11 % skim milk, 2% fructose and 5 
vol% egg yolk. After cooling to 4°C within 30 
min, the semen was further diluted to a con­
centration of 100x106 spermatozoa I ml by 
adding the semen extender containing 14 
vol% glycerol, and equilibrated for 4 h before 
freezing in minipayettes (0.27 ml) with liquid 
nitrogen (LN2) vapour in a Digitcool 5300 
freezer and stored in LN2• The semen was 
thawed at 35°C. Some of the semen was fixed 
immediately after thawing for examination of 
membrane alterations after freezing/thawing. 
The rest was used in an in vitro fertilization 
experiment to study the membrane altera­
tions during this process. 
For the in vitro fertilization, the following 
procedure was: Ovaries were collected at an 
abattoir immediately after slaughter and 
transported to the laboratory in saline at 
35°C. Follicular fluid from small antral folli­
cles of 2-10 mm in diameter was aspirated, 
and the cumulus-oocyte complexes were 
picked up by use of a light microscope. Only 
oocytes with a compact cumulus cell layer 
were selected for maturation. These oocytes 
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underwent 3 washes in modified Tyrode's me­
dium (TL-Hepes) supplemented with 3 mg/ml 
bovine serum albumin (BSA) (Sigma chemi­
cal Co., St. Louis, MO), 0.2 mM pyruvate 
(Sigma) and 50 µ,g/ml gentamycin (Gibco, 
Life Technologies, Inc., Gaithersburg, MD) 
(Bavister et al. 1983). The maturation medium 
consisted of TCM 199 (Gibco) with the addi­
tion of 10% fetal calf serum (FCS) (Gibco ), 2 
µg/ml FSH (NIADDK -oFSH-17), 10 µg/ml 
LH (NIADDK-oLH), 1 µg/ml oestradiol-17-13 
(Sigma), 0.2 mM pyruvate and 25 µg/ml gen­
tamycin (Sirard et al. 1988). The maturation 
took place in an incubator at a temperature of 
39°C and a humidified atmosphere of 5% C02 

for 24 h. 
The semen preparation for the fertilization 
experiment consisted of the swim-up tech­
nique and 2 centrifugations at 130 G for 10 
min conducted in sperm-Talp medium con­
taining 6 mg/ml BSA, 1 Mm pyruvate and 25 
µg/ml gentamycin (Parrish et al. 1984, 1986). 
The semen was diluted to 25 million sper­
matozoa/ml and added to the fertilization 
drops at a concentration of 50.000 sperm per 
10 oocytes and 50 µl drop. 
The fertilization medium consisted of modi­
fied TL-Hepes with 6 mg/ml fatty acid free 
BSA (Sigma), 0.2 mM pyruvate (Sigma), 25 
µg/ml gentamycin and for capacitation 10 
µg/ml heparin (Sigma), 2 mM penicillamine 
(Sigma), lmM hypotaurine (Sigma) and 250 
µM epinephrine (Sigma) (Bavister & Yana­
gimachi 1977). Following culture for 24 hours 
at 39°C and in an atmosphere of 5% C02, the 
complexes were prepared for EM. 

Preparation for Scanning Electron 
Microscopy (SEM) 
Semen samples of 0.5 ml were transferred to 
10 ml 3% glutaraldehyde in 0.1 M cacodylate 
buffer. After sedimentation, the sediment was 
washed in 0.1 M cacodylate buffer (pH 7.4) 
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for 2x10 min. The sediment was subsequently 
fixed in 2% Os04 in the same buffer for 2 h 
before being washed 2x10 min in 0.1 M cacod­
ylate buffer. The samples were centrifuged 
between each wash. One drop of the buffer 
suspension was placed on cover slips treated 
with polylysin and placed in a vapour cham­
ber in the refrigerator for sedimentation over­
night. After dehydration through an ascend­
ing series of ethanol solutions, the material 
was critical point dried in a Balzer critical 
point dryer, sputter coated with gold (Au) and 
examined by a Cambridge Stereoscan 90. 

Preparation for Transmission Electron 
Microscopy (TEM) 
The semen samples were prefixed in 3% glu­
taraldehyde in 0.1 M cacodylate buffer. After­
wards, the semen was washed in cacodylate 
buffer for 2x10 min, postfixed in 2% Os04 in 
0.1 cacodylate buffer for 2 h and then washed 
again in cacodylate buffer for 2xl0 min. The 
samples were dehydrated in ascending series 
of ethanol and propylene oxide before infil­
tration of epon-propylene oxide (1:1 for 1 h 
and 3:1 overnight). The material was embed­
ded in Epon LX 112. Ultrathin sections were 
cut on an LKB ultrotome. Electron micros­
copy was performed by use of a Jeol JEM 100 
S Elmiscope. 

Results 
After freezing and thawing 
The majority of the spermatozoa seemed to 
have intact membranes after freezing and 
thawing (Figs .la, lb). However, a proportion 
of the cells (usually less than 10%) exhibited 
either minor disruptions of the plasmalemma, 
most frequently at the anterior level of the 
equatorial segment (Fig. 2), or more extensive 
alterations, which could be classified into 3 
main categories depending of the structures 
involved. Defect type A represented loss of 

the plasmalemma frequently over the entire 
acrosome, while the outer acrosomal mem­
brane (i.e. the outer part of the acrosomal 
membrane) was intact (Fig. 3). Typical for de­
fect type B, which was the most frequent one, 
was a pronounced extension of the anterior 
part of the outer acrosomal membrane cov­
ered by a partly intact plasmalemma (Fig. 4). 
The third category (type C) consisted of sper­
matozoa with sperm heads showing extensive 
vesiculation and disruption of plasmalemma 
and the outer acrosomal membrane (Fig. 5). 

After in vitro fertilization 
The majority of spermatozoa were acrosome 
reacted and therefore devoid of the plasma­
lemma and the outer acrosomal membrane 
proximal to the equatorial segment (Figs. 8a, 
8b ). However, a proportion (about X) of the 
sperm cells displayed extensive loss of plas­
malemma, marked swelling of the anterior 
part of the acrosome and vesiculation of the 
acrosomal matrix (Fig. 7). Sperm heads with 
intact acrosomes under a partly fractioned 
plasma membrane were also observed (Fig. 
6). 
The cumulus cells exhibited an active phago­
cytosis of spermatozoa with both intact and 
defect acrosomes (Figs. 9, 10). 
Some intact spermatozoa could be observed 
in contact with zona pellucida (Fig. 11), and 
acrosome reacted spermatozoa were also seen 
penetrating this structure at different levels 
(Figs. 12, 13). After penetration such sper­
matozoa were further observed in the perivi­
telline space in contact with the microvilli of 
the oocyte as a manifestation of the first step 
of gamete conjugation (Fig. 14). 

Discussion 
Semen frozen from bulls of Norwegian Cattle 
generally displays a high post-thaw quality, 
and this experiment showed that the majority 
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Figure 1 a. Figures 1-14 Electron micrographs, scanning (SEM) and transmission (TEM) of frozen bull sper­
matozoa immediately after thawing, during the process of penetration of the cumulus layer and zona pelluc1da 
and m the perivitelline space. Pl = plasmalemma, OA = outer acrosomal membrane, IA = inner acrosomal 
membrane, ES = equatorial segment, PC = postacrosomal cap, CC = cumulus cell, Zp = zona pellucida, Pvs = 
periv1telhne space, Oo = Oocyte and Mv = microvilli. Fig. la. Head of a spermatozoon after thawmg with an in­
tact plasmalemma. SEMxl0.700. 
Figure lb. Sperm head after thawing with intact plasmalemma, acrosome and postacrosomal cap. 
TEMxl6.000 (correspondmg to figure la). 
Figure 2. Head of a spermatozoon after thawing with partial disruption (arrow) of the cell membrane at the 
antenor level of the equatorial segment. The outer acrosomal membrane 1s intact. SEMxl 1.200. 
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Figure 3. Sperm head after thawing with loss of plasmalemma over the entire acrosome (Defect type A) 
TEMxl6.000 
Figure 4. Sperm head after thawmg, exh1b1ting a pronounced extens10n of the anterior part of the outer ac­
rosomal membrane covered by a partly mtact plasmalemma (Defect type B). TEM x 16.000. 
F 1 g u re 5. Sperm head after thawing showing extensive vesiculation and disruption of plasmalemma and outer 
acrosomal membrane (Defect type C). TEMx16.000. 
Figure 6. Sperm heads dunng penetration of the cumulus cell layer, with mtact acrosomes under a partly frac­
tioned plasmalemma The sperm head to the left shows mc1p1ent vesiculation and granulation (arrows) of the 
acrosomal matnx. TEMx16.000. 
Figure 7. Sperm heads between cumulus cells ex1bitmg extensive loss of plasmalemma, marked swelling of 
the anterior part of the acrosome and vesiculation of the acrosomal matnx (arrows). TEMx16.000. 
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Figure Sa. Head of an acrosome reacted spermatozoon with total loss ofplasmalemma and outer acrosomal 
membrane proximal to the equatorial segment. SEMxS.700. 
Figure 8b. Sperm head of an acrosome reacted sperm cell m close apposition to a cumulus cell, devoid of plas­
malemma and outer acrosome membrane proximal to the equatorial segment (correspondmg to Fig. 8a). 
TEMx16.000. 

of the spermatozoa exhibited intact mem­
branes after freezing and thawing. However, 
some defects in the plasmalemma and acro­
some could be observed. 
The incipient disruptions of plasmalemma 
might represent the first step in membrane in­
juries leading to the formation of the defect of 
type A. Cell membrane damages of this type 
may be caused by conditions other than freez­
ing and thawing, since corresponding defects 
have been found in fresh blue fox spermato­
zoa (Hofmo & Andersen Berg 1989). The le­
sions in the acrosome which are seen in the 
defects type B and C, are probably caused by 
the intracellular crystallization which occurs 
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during freezing and thawing, even though 
mammalian spermatozoa totally contain less 
than 50% water in contrast to 80-90% in most 
other cells (Barer et al. 1953). Similar defects 
have been described in frozen spermatozoa 
from other species (Healy 1969, Pedersen & 
Lebech 1971, Nath 1972, Yasuda & Tanimura 
1974, Courtens & Paquignon 1985). Conven­
tional methods for sperm cryopreservation 
implies rapid freezing (Weitze 1991). A high 
freezing rate generally prevents major dehy­
dration damages, but will instead cause intra­
cellular crystallization which requires rapid 
thawing (Mazur 1985). Post-thaw viability of 
bull spermatozoa expressed as percentage of 
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Figure 9. Head of a spermatozoon bemg phagocytosed by a cumulus cell close to the zona pelluc1da. 
TEMx16.000. 
Figure 10. Two sperm heads, 1 with an mtact (I) and 1 with a defect (D) acrosome phagocytosed by a cumu­
lus cell. TEMx16.000. 
Figure 11 . Proximal part of a sperm head with mtact acrosome in contact with zona pelluc1da. TEMx16.000. 
Figure 12. Acrosome-reacted spermatozoon starting to penetrate zona pellucida. TEMxl6.000. 
Figure 13. Head of an acrosome reacted spermatozoon penetratmg the zona pelluc1da by dissolution of the 
surroundmg zonal matenal (arrows). TEMx16.000. 
Figure 14. Head of a spermatozoon in the penv1tellme space after penetration of zona pelluc1da. The sperm 
head becomes tangentially attached to the oocyte by mitlal contact with the m1croviih of the latter. 
TEMx16.000. 
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tion by heparin treatment, since for 1 particu­
lar bull the extent of FAR will be the same in 
the treatment as in the control group. Elec­
tron microscopy is a reliable method, and 
even if the method is rather complicated and 
time consuming, this will be less costly and 
easier to perform than assessing bull fertility 
by field trials and could be used as an addi­
tional method for testing bull semen. 
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Sammendrag 
Membranforandrznger z oksespermier etter fryszng og 
opptzmng og etter zn vitro fertzlzserzng 

Membranforandringer 1 oksesperm1er etter frysmg 
og opptmmg og under m vitro fert1lisenng er 
unders!llkt ved h1elp av scannmg elektronm1kroskop1 
(SEM) og transnnsions elektronnnkroskop1 (TEM). 
Selv om de fleste spernnene hadde mtakte mem­
braner etter frysmg og opptmmg, kunne man sktlle 
mellom 3 typer membrandefekter avhengig av 
hvilke strukturer som var mvolvert. Den f!llrst typen 
manglet plasmalemma over hele akrosomet I den 
andre kategonen var fremre de! av ytre akrosom­
membran sterkt utv1det, men delv1s dekket av mtakt 
plasmamembran. Den s1ste kategonen besto av 
spermier med uttalt vesikulering og desintegrering 
av plasmalemma og ytre akrosommembran. Denne 
s1ste defekten var 1kke Jett {t sk1lle fra den ekte akro­
somreaksionen som ble observert under m vitro fer­
tllisermg og besto av en sammensmeltlng og ves1ku­
lenng av plasmalemma og ytre acrosommembran 
B{tde mtakte og akrosomreagerte sperm1er ble ak­
tlvt fagocytert av cumulusceller 
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