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Summary. Samples of ram, bull and boar semen were subjected to cold shock and then
stained using an indirect immunocytochemical method for detecting acrosin. It was found
that the shock treatment abolished staining of the acrosomal region in all but a very few
cells. This finding was interpreted as a great loss of proacrosin or acrosin from damaged
acrosomes. Using a fluorescent label in the system, sperm cells in both control and treated
samples could be scored easily and reproducibly as « stained » or « unstained ». Results
using a peroxidase label were less satisfactory because staining was not as consistent.
Biochemical assessment of sperm acrosin content before and after cold shock confirmed
that such treatment caused acrosin loss from the cells into the seminal plasma, but as a
quantitative measure of cellular integrity the biochemical method exhibited a number of
deficiencies compared with the immunofluorescent cytochemical method.
Preliminary data are presented for semen evaluation comparing this latter method
with a « live-dead » stain.

Introduction.
Acrosomal damage has long been used as a contra-indication of sperm fertilizing
ability, and the loss from the cell of an acrosomal enzyme such as acrosin would seem
a good measure of such damage (Johnson, Pursel and Chaney, 1974 ; Schill and Fritz,
1975 ; Church and Graves, 1976).
However, biochemical quantitation of acrosin loss from spermatozoa presents
difficulties. In the intact cell all acrosin is in an inactive zymogen form, proacrosin
(Brown and Harrison, 1978) ; activation only takes place after cell disruption, and then
the active acrosin produced may be wholly or partly inactivated by complexing with
the several species of protein acrosin inhibitors that occur naturally in semen (e.g.
Polakoski, Zaneveld and Williams, 1971). Moreover, although we have been able to
show that acrosin is indeed a soluble enzyme (Harrison, F[6chon and Brown, 1981),
measurement of its loss from sperm cells is hampered by the enzyme’s tendency to
adsorb to cellular and other surfaces : enzyme lost from the acrosome may remain
associated with the sperm cell.

Another approach to the problem was suggested by the discovery that dispersion
of acrosin and proacrosin from the acrosomal region can be followed by immunocytochemistry (Harrison, F16chon and Brown, 1981). Using an antibody to acrosin
together with a fluorescein-conjugated anti-1
G, the acrosome of sperm heads that
9
contain largely the zymogen form of acrosin are brightly labelled. But as activation of
the proacrosin proceeds the labelling of the acrosome diminishes ; this is associated
with relocation of acrosin and proacrosin on other parts of the sperm cell. Because
anti-acrosin antibody will react with proacrosin and acrosin alike and because the
actual cellular location of the enzyme can be observed directly, the immunocytochemical technique may overcome at least two of the difficulties associated with biochemical estimations of acrosin loss.
In this paper we demonstrate that after cold shock, a treatment known to damage
spermatozoa and cause loss of intracellular enzymes (Pursel, Johnson and Gerrits,
1970 ; Harrison and White, 1972 ; Roychoudhury, Pareek and Gowda, 1974), the
acrosomal region of most spermatozoa is no longer strongly labelled with anti-acrosin.
We compare this immunocytochemical method of assessing seminal acrosin with a
biochemical method and we compare the « acrosin » assessment with a « live-dead »
assessment.

Materials and methods.
Semen was obtained from 5 Suffolk rams, 1 Hereford and 2 Friesian bulls, and 3
cross-bred boars. Anti-acrosin serum was raised in rabbits by a single multiple-site
injection of a 1 :1 mixture of antigen solution with Freund’s Complete Adjuvant ; the
antigen used was purified ram acrosin that had been inhibited with di-isopropylfluorophosphate (Brown and Hartree, 1978), and a total of 600 yg was injected into each
animal. The serum, collected when antibody titre was maximal (about 6 wks after
injections), was tested for specificity according to F16chon et at. (1977). Fluoresceinconjugated sheep anti-rabbit IgG and peroxidase-conjugated goat anti-rabbit IgG
were from Miles Laboratories.
Cold-shock

procedure.

Semen samples were diluted at 30 °C with 150 mM-NaCl, 5 mm-glucose, 10 mM8 cells/ml. 1 ml aliquots in thin-walled glass
HEPES pH 7.4 to approximately 3 X 10
tubes were either incubated for 35 min at 30 °C (« controls »), or were incubated for
5 min at 30 O
C, cooled rapidly in ice-water to 0 °C for 10 min, and then further incubated at 30 !C for 20 min (<<cold-shocked)>).

Cytochemisfry.
Immediately after

cold-shock treatment, duplicate subsamples from each tube
diluted 1 : 1 with nigrosin-eosin stain solution and smears made for « live-dead »
estimations according to Dott and Foster (1972). At the. same time other subsamples
were diluted 1 : 1 with 150 mM-NaC], 1 mM-p-aminobenzamidine from which several
duplicate smears were made for immunocytochemistry.
Staining for acrosin was carried out according to the following procedure (Harrison, F16chon and Brown, 1981). The air-dried smears were preincubated unfixed
were

for 15 min with 3 p. 100 v/v sheep non-immune serum and 0.5 mM p-aminobenzamidine in 250 mM-sucrose, 20 mM-phosphate pH 7.0. They were then incubated for
30 min with 3 p. 100 v/v rabbit anti-acrosin serum in sucrose phosphate containing
0.5 p. 100 v/v sheep non-immune serum (no p-aminobenzamidine present), and, after
rinsing 3 times in serum-free sucrose medium, were further incubated for 30 min with
4 p. 100 v/v fluorescein-conjugated sheep anti-rabbit immunoglobulin in sucrose phosphate containing 0.5 p. 100 v/v sheep non-immune serum. All incubations were carried
out in a moist chamber, in the dark at room temperature. Finally the smears were
rinsed twice in sucrose phosphate pH 7.0 and then once in sucrose phosphate pH 8.0,
and were mounted wet in glycerol for observation. In addition, duplicate smears were
stained using 2 p. 100 v/v peroxidase-labelled goat anti-rabbit IgG in place of the fluorescein conjugate (goat non-immune serum was then used throughout the staining
procedure in place of sheep non-immune serum). The peroxidase-labelled smears were
stained for 8 min in 0.01 p. 100 w/v diaminobenzidine, 0.003 p. 100 w/v H
0 in 150 mM2
tris HCI pH 7.5, rinsed with H
air-dried
mounted
and
an
0
2
using
acrylic mountant.
The concentrations of antisera used were selected following preliminary trials, to
yield easily assessable staining of the acrosome without appreciable background

staining.
All slides were coded and randomized, and were examined by two independent
observers. All types of smear were observed by direct transmitted light ; a UV source
with suitable exciter and barrier filters was used for the fluorescent smears. « Livedead » smears were scored for eosinophilic and non-eosinophilic cells; immunofluoresand « weakly » stained
cent smears were scored for « strongly », « moderately >>,
sperm heads ; immunoperoxidase smears were scored for « strongly », « moderately », « weakly » and « un-» stained heads. A total of at least one hundred sperm
heads was scored in each smear by each observer, and the scores converted to per-

centages.
Biochemical assessment

of acrosin and proacrosin distribution.

The method was based upon the work of Brown and Harrison (1978) and Harriand Brown (1979). Immediately after cold-shock treatment, 0.5 ml from each tube
was layered on to 2.5 ml 275 mM-sucrose, 0.5 mM-p-aminobenzamidine and centrifuged at 600 for 5 min followed by 2 500 for 10 min. After centrifugation, a
sample of the top layer was removed (the extracellular fluid of the treated semen
samples). The rest of the top layer and most of the lower liquid layer was removed
and discarded, to leave a total of approx. 0.5 ml of sperm pellet and liquid, which was
then resuspended thoroughly and acidified with approximately 3 11
-1 of M-HCI to a pH
of 2.6-3.0. The suspension was left in ice for 30 min during which time it was whirlimixed twice ; the acid extract was removed after high-speed centrifugation. Samples
of the suspension were taken prior to centrifugation to assess the sperm density
son

(haemocytometrically).
The extracellular fluid was assayed for active acrosin as follows : a l
50 y sample
mixed with 1.1 ml H
-1 M-HCI to pH 2.6-3.0 ;
0 and acidified with approximately 3 11
2
it was left for 15 min at 25 °C and then 0.15 ml of 10 mm-benzoyl-arginine ethyl ester
, 0.25 M-tris
2
0 was added followed immediately by 0.3 ml of 1 M-CaCl
2
(BAEE) in H
HCI pH 8.2 to which 10 y
l M-NaOH/ml had been added ; the change in extinction at
was

C. The acid extract of the spermatozoa was assayed
259 nm was then followed at 25 O
for active acrosin similarly by diluting a sample with H
0 to 1.1 ml and then adding
2
0.15 ml 10 mM-BAEE and 0.3 ml 2
1 M-CaCl 0.25 M-tris HCI pH 8.2. Total potential
,
acrosin activity (proacrosin !- active acrosin) was estimated as follows : a 50 y
l sample
was mixed with 1.1 ml H
l 0.25 M-tris HCI pH 8.2, and 20 y
l
1 neutralized with 5 y
0
2
added of thermolysin solution (4 mg/ml Sigma Protease type « X » in 0.2 M-CaCl,,
0.05 M-tris HCI pH 8.2) ; after incubation for 20 min at 25 °C to activate any proacrosin
l M-HCI and left for a further 15 min ;
present, the mixture was acidified with 3.5 y
1 M-CaCl 0.25 M-tris
,
finally 0.15 ml 10 mM-BAEE was added, together with 0.3 ml 2
HCI pH 8.2 containing 12 y
l M-NaOH/ml and the change in extinction at 259 nm was
followed at 25 °C. Acidification prior to addition of BAEE is necessary to dissociate the
acrosin from seminal acrosin inhibitors present (Polakoski, Zaneveld and Williams,
1971). However thermolysin requires a neutral pH for its action (Matsubara and Feder,

1971 ).
Results.
The cytochemical observations are set out in tables 1-3. The most obvious finding
that cold shock abolished the intense anti-acrosin-mediated fluorescent staining of
the acrosome of all but a very few spermatozoa in all three species (see figs. 1 and 2).
Each sperm cell exhibited an « all-or-none » appearance : either the acrosome was
bright and strongly contrasted with the rest of the head, or it was not contrasted at all.
Although absolute intensity of staining varied occasionally between fields due to
uneven distribution of staining fluids, such variations did not affect the ease of scoring,
and no cells were assigned a « moderately-stained » score. The repeatability of the
immunofluorescent staining method was high both between observers and between
duplicate slides.
While a similar trend of abolition of acrosome staining was easily detectable in
the peroxidase-stained slides, the immunoperoxidase method was quantitatively less
satisfactory because the resultant staining was less consistent and less uniform (see
figs. 3 and 4). Repeatability was not good, either between duplicate slides or between
observers (difficulties were experienced in distinguishing between the various categowas

ries). Attempts to overcome the problem by varying the stainingconditions were unsucfigures given in tables 1-3 are those relating to the « strongly stained »
category only, and do not show the variation between the « weakly stained » and the
« moderately stained » categories.

cessful. The

in the number of nonboth
between
observers and begood
eosinophilic (« live ») cells ; repeatability
tween duplicate slides. However there appeared more variation between semen samples (before cold shock) on the basis ofc live-dead » estimations than on the basis of
the immuno-fluorescence results.
Biochemical estimations of proacrosin activation in spermatozoa and loss of (pro)
acrosin to the seminal plasma were performed on ram semen samples only (the samples
were not the same as those in table 1). Results are shown in table 4. There was a clearcut activation of proacrosin following cold shock, and a considerable loss of acrosinn
from the sperm cells to the surrounding fluid ; but, when compared quantitatively to
the immunofluorescent results, the changes were not as complete and varied considerably between samples.

As is well documented, cold shock caused

a

great decrease

was

preliminary experiments on bull and boar material, estimations of acrosin and
proacrosin in seminal plasma were unsatisfactory and inconsistent, probably due to
interference by the very high levels of acrosin inhibitor activity present. Therefore no
biochemical estimations of acrosin loss following cold shock were made on these species.
In

Discussion.
Our results show clearly that after cold shock both acrosin and its zymogen proare released from spermatozoa into the surrounding seminal plasma. The
is
finding not unexpected in view of the acrosomal location of the enzyme within the
sperm cell (see Harrison, Flechon and Brown, 1981) and the damage that cold shock is
known to cause to the acrosome (Quinn, White and Cleland, 1969 ; Pursel, Johnson
and Rampacek, 1972). It does confirm our belief (Harrison, F16chon and Brown, 1981)
in the essentially soluble nature of (pro) acrosin under quasi-physiological conditions.
acrosin

Similar observations with respect to release of active acrosin into extracellular fluid
made by Schill and Fritz (1975) when human semen was aged in vitro, though
the authors drew no conclusions regarding the enzyme’s « solubility ».
were

However,

despite

the efforts

proacrosin-acrosin-inhibitor

we

systems

made to take account of the complexities of the
in semen, the quantitative results obtained from

the biochemical estimations were less than satisfactory. Although there was a considerable increase in the acrosin activity in seminal plasma, much of the active acrosin
remained associated with the spermatozoa ; from other studies (Brown and Harrison,
1978), it is known that such acrosin must derive from damaged acrosomes. Also, the
total potential acrosin activity of the cold-shocked samples (spermatozoa + seminal
plasma) was consistently higher than the control samples, possibly because the presence of protein acrosin inhibitor in the undamaged control spermatozoa (Brown and
Hartree, 1975) may have reduced the thermolysin activation of proacrosin to give low
total values.
The discovery that cold-shock treatment abolished the intense staining of the acror
some obtained via anti-acrosin treatment of smears of intact cells is in accord with our
recent conclusions regarding the location and behaviour of proacrosin and acrosin
in spermatozoa (Harrison, F16chon and Brown, 1981). We believe that proacrosin
is located entirely within the acrosomal matrix in an intact spermatozoon. When the
acrosome is disrupted (e.g. by cold shock), proacrosin activation begins, and the
acrosin produced disperses (together with unchanged proacrosin). The concentration
of the (pro) acrosin antigen in the acrosomal region thereby decreases greatly, whence
the immunocytochemical staining of that region is also greatly decreased.
Compared with the biochemical method, the immunocytochemical method of estimation of acrosin loss has a number of theoretical advantages. Firstly, because the
antiserum against acrosin cross-reacts with proacrosin (R. A. P. Harrison, in preparation), all the species of acrosin can be detected simultaneously, most importantly the
proacrosin species found within the acrosome ; the presence of seminal acrosin inhibitors does not appearto interfere. Secondly, the acrosomal region is actually observed
directly and therefore the tendency of released acrosin to readsorb to other cell surfaces does not interfere, because the intensity of staining of the acrosomal region is in
any case greatly diminished. Thirdly, the immunocytochemical method has the considerable advantage of enabling observations to be made of individual cells, when the
homogeneity or otherwise of the population can be assessed ; normal biochemical
assay methods cannot distinguish between situations in which all cells are of moderate
quality and situations in which some of the population are normal while the rest are of
very poor quality. The fluorescent immunocytochemical method has advantages over
the biochemical method from a practical standpoint also. It is simpler, and more
importantly the apparent response to damage is much greater : biochemical estimations
showed some 15 p. 100 of the proacrosin to be associated with shocked ram sperm cells
(i.e. 15 p. 100 of the cells were apparently intact), whereas immunofluorescence showed
that only 2-3 p. 100 of the cold-shocked cells retained acrosomes that were intensely
stainable.
The reasons for the inconsistent results obtained using the peroxidase-conjugated
cinti-IgG are unclear. We suspect that it is the peroxidase system which is at fault, and

that the results are not a true reflection of the status of the acrosome. In certain instances
staining was less complete than might have been expected (by comparison with the
fluorescent system), while in others staining was greater than expected. The discrepancies may be due to a combination of the greater sensitivity of the peroxidase detection system, problems of substrate access in regions of high peroxidase activity, difficulties in standardizing the stain conditions, and the extra steps required to perform the
stain.

Although the results of the immunofluorescent staining were

overall in

good agree-

ment with those of

nigrosin-eosin staining, there were some quantitative discrepancies
between them with respect to the values obtained for individual « control » semen

samples : usually, there were more « intact » cells by immunofluorescence than were
« live» by nigrosin-eosin stain. This is not surprising, because the two parameters
assessed are not (so far as is known) connected. In this study a simultaneous assessment of acrosomal damage by morphological methods (e.g. Watson, 1975 ; Jones and
Stewart, 1979) was not attempted. However, we believe that an immunofluorescent
cytochemical method of assessing acrosomal damage via enzyme content of individual
cells may offer a useful and relevant parameter for semen quality, and warrants evaluation in parallel with other methods of semen analysis.
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Des échantillons de sperme de bélier, taureau et verrat ayant subi

un

choc

thermique sont soumis à un traitement immunocytochimique de détection de l’acrosine.
Le choc thermique abolit la coloration spécifique de l’acrosome dans la plupart des spermatozoïdes, ce qui est interprété comme une perte massive de proacrosine ou d’acrosine
à la suite de dommages acrosomiques. Les résultats sont établis en utilisant la fluorescéine
comme marqueur du 2
e antisérum dans la méthode indirecte. La reproductibilité est moins
bonne si l’on utilise la peroxydase comme marqueur à cause de plus grandes difficultés
de standardisation de la technique.
Le dosage biochimique de l’acrosine du sperme avant et après choc thermique confirme
le passage, dans ce dernier cas, d’acrosine des spermatozoïdes dans le plasma séminal.
Cependant la méthode biochimique ne peut pas donner une estimation quantitative de
l’intégrité cellulaire comparable à l’immunocytochimie. Une comparaison avec une coloration des spermatozoïdes morts/vivants est présentée.
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