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Summary. The sonication method produced a quantitatively higher release of buffalo
sperm hyaluronidase than the freeze-thaw technique. The released enzyme constituted
10 p. 100 of the total enzymatic activity of the fresh semen. Seminal plasma hyaluronidase
activity was not correlated with the motility score of the semen sample.

Unlike cattle semen, the seminal plasma enzyme level in buffalo semen stored at
37 °C showed a sharp rise, whereas samples stored at 0 !C evidenced negligible enzyme
leakage. Dilution of semen in citric acid whey (CAW) at 5 or 37 OC significantly prevented
the enzyme from leaking into the plasma, although more enzyme was released in extended
semen when it was exposed to cold treatments. The enzyme was quite stable in both the
seminal plasma and the acrosomal preparations during storage when stored at 50C for
prolonged periods.

Introduction.

Several reports have been published on the release of hyaluronidase from the
sperm of various species during storage. Swyer (1947) and Ackerman (1970) examined
this release in rabbit and human spermatozoa, respectively. Anand et al. (1978) and
Sidhu and Guraya (1978) studied enzyme release in buffalo spermatozoa under cold
treatment. Recently, Ganguli et al. (1973) developed a new extender called « citric
acid whey » (CAW) for the storage of buffalo semen. This paper systematically studies
the effects on hyaluronidase leakage from the sperm into the seminal plasma when
buffalo semen is extended with CAW and stored under different temperatures. Data
on buffalo and cattle semen have been compared.

Material and methods.

Semen samples were collected from Murrah buffalo bulls, and those with a 3.5
to 4.5 motility score were used (0 : no motility ; 5 : optimum motility) (Herman and
Madden, 1972). Seminal plasma was obtained by centrifuging the semen at 14 000 x g
for 30 min at 4 °C. Extender effect was studied on semen diluted with CAW at the ratio

of 1/10 and prepared according to a method described earlier (Ganguli et al., 1973).
The total enzyme activity in samples of ejaculated and diluted semen was determined



by sonication for 5 min in the cold with a Branson Sonifier (model B-12) ; the samples
were then centrifuged at 14 000 X g for 30 min, and the enzymatic activity of the super-
natant was determined.

Storage. - Semen, seminal plasma, acrosomal preparations and extended semen
were stored at different temperatures for various periods of time. Samples were taken
at given storage intervals. Neat semen was stored up to 8 hrs at 0 to 50 OC, extended
semen up to 24 hrs at 5 and 37 OC, and seminal plasma and acrosomal preparation up
to 45 days at 5 OC. The hyaluronidase activity of these samples was determined.

Cold shock treatment. - Fresh and extended semens were exposed to cold treatment
in the following manner. The samples were kept either in ice for 10 min or in liquid
nitrogen for 2 min and then immediately brought to 32 °C in 3 to 5 min with a warm
bath. The other method used was that of Foulkes and Watson (1975) in which sperma-
tozoal enzyme release is obtained by freezing and thawing the samples 5 times.
Hyaluronidase activity was determined in the samples before and after cold treatment,
as described for seminal plasma.

Hyaluronidase assay. - Hyaluronidase activity in the semen preparation was estimated
by a modified method of Rhodes et al. (1971), based on the determination of the
N-acetylglucosamine liberated from the hyaluronic acid by the enzyme. 0.2 ml of
0.05 M citrate buffer, pH 4.8, containing 2 mg of hyaluronic acid per ml was incubated
with 0.1 ml of 1.54 M NaCi and 0.2 ml of enzyme samples for 30 min at 37 °C ; the
reaction was terminated with 0.2 ml of 0.16 M potassium tetraborate. The mixture was
heated in a boiling water bath for 3 min then cooled to room temperature. Three ml
of p-dimethylamine benzaldehyde were added (Reissig et al., 1955) which, when incu-
bated in a waterbath at 37 °C for 20 min, developed a color measured according to
Reissig et al. (1955). One unit of enzymatic activity was defined as the amount of
enzyme causing the release of one mote of N-acetylglucosamine in 30 min at 37 OC.
The protein content of the enzyme preparation was estimated according to Lowry et
al. (1951 ).

Tris, Hyamine 2389, Triton X 100, hyaluronic acid (grade III P), N-acetylgluco-
samine and p-dimethylamine benzaldehyde were purchased from Sigma Chemical
Company, USA. The other chemicals of analytical quality were procured from the
local market.

Results and discussion.

A. Total hyaluronidase activity in 6ufj’alo semen. - In order to express the release
of sperm hyaluronidase into the seminal plasma as a percentage of the total enzy-
matic activity in the semen, it was necessary to quantitatively estimate the total enzy-
matic (seminal plasma enzyme acrosomal enzyme) activity. We adopted two proce-
dures, namely (i) the freeze-thaw method of Foulkes and Watson (1975) and (ii) the
sonication method of Kaur et at. (1976). The sonication method gave a much higher
value for the seminal plasma enzyme (16.60 units/mi), which was almost 3.34-fold
more than the values obtained (4.97 units/mi) by the freeze-thawing method (table 1).
When sonication was used on cattle semen, a higher enzyme release (3.2-fold more)



was observed. This indicated that the cold-shock method did not rupture the sperm
membrane enough to permit complete leakage of the acrosomal enzyme into the
plasma.

The total hyaluronidase activity (expressed per ml) in buffalo semen was less

(16.60 units/ml) than in cattle semen (20.0 units/ml) *. However, if the sperm popula-
tion per ejaculate is considered, the enzyme value of buffalo semen is higher since
cattle semen has a much greater concentration of spermatozoa per ejaculate (Bhatta-
charya, 1974). This demonstrates that buffalo spermatozoa have a higher hyaluroni-
dase level than cattle spermatozoa, and it would suggest that the problem encountered
in buffalo breeding might not be due to a lack of this hydrolase in the acrosome

(Allison and Hartree, 1970), but to its faster leakage.

B. Hyaluronidase activity in seminal plasma as related to sperm motility. - The
results in table 2 show that seminal plasma hyaluronidase levels have no apparent
correlation with the motility score of the semen sample. The mean value obtained was
1.57 units/ml, which represented about 9 p. 100 of the total enzymatic activity in buffalo
semen. Kaur et al. (1976) also reported a similar value for this enzyme in buffalo

seminal plasma, whereas in cattle semen the initial value was about 11 p. 100 of the

total enzymatic activity (Foulkes and Watson, 1975 ; Ganguli and Kakar, 1979).
The total hyaluronidase activity in buffalo semen was 16.6 units/mi (determined

by sonication) which was lower than in cattle semen (20.0 units/mi) (Ganguli and Kakar
1979). This might be due to the lower concentration of spermatozoa in buffalo semen
(Bhattacharya, 1974).

C. Hyaluronidase release in neat and extended semens during storage at di fj&dquo;erent
temperatures. - The release of spermatozoal hyaluronidase in the extracellular fluid
of semen stored at 0,37 and 50 OC for an 8 hr period is shown in figure 1. The released
enzyme activity was expressed as a percentage of the increase over the initial value of
1.5 units/mi of seminal plasma enzyme. Semen stored at 37 °C evidenced a sharp

* Both the treatments (freeze-thaw and sonication) resulted in a similar release of the enzyme,
as evidenced by the increased enzymatic activity in the seminal plasma.



increase of 104.4 p. 100 (fig. 1 B), whereas at 0°C (fig. 1A) there was no significant
release. At 50 °C the release was also less (fig. 1 D) ; this could be due to enzyme
inactivation at that temperature (Yang and Srivastava, 1975). Masaki and Hartree
(1962) also observed that when normal cattle semen was stored, the hyaluronidase
diffused from the spermatozoa to the seminal plasma. Interestingly enough, cattle

semen stored in similar conditions exhibited only a 35 p. 100 increase in the enzymatic
activity of the extracellular fluid (fig. 1C). These data therefore show that buffalo
sperm suffered higher cell damage at 37 °C than cattle sperm. As hyaluronidase is

the most readily released spermatozoal enzyme (McRorie and Williams, 1974), these
findings are being exploited in our laboratory for monitoring buffalo semen quality.



D. Effect of cold-shock and deep-freezing on hyaluronidase release in neat and exten-
ded semens.

Change in neat semen enzyme level. - Chinnaiya and Gangulj (1978) have recently
reported a significant decrease of 30 p. 100 in buffalo spermatozoal motility when the
semen was exposed to an ice-water bath (4 !C) for 10 min. Hence, the level of extra-
cellular hyaluronidase activity in buffalo semen, exposed to different types of cold
treatments, offers indirect but valuable data on acrosomal integrity. The results in

table 3 show that the extent of spermatozoal enzyme release depends on the type of
cold-shock used on the semen. Considering the enzymatic activity in the sonicated
semen as 100, the frozen-thawed samples gave a maximum enzyme release of about
30 p. 100. The freezing technique for buffalo semen is now being standardized by per-
fecting the steps of freezing and glycerolization (Chinnaiya, 1978).

Change in extended semen enzyme level. - Buffalo semen extended in CAW was expo-
sed to similar cold treatments as above. The results in table 3 show that seminal plasma
hyaluronidase level increased with all the treatments. Considering the sonicated semen
as 100, more enzyme was released as compared to fresh semen. Freeze-thaw and
liquid nitrogen appeared to cause a similar rate of enzyme release (about 60 p. 100).
Although CAW was efficient in preserving the cytomorphological characteristics of
buffalo spermatozoa when stored at 50C (Reddy and Mukherjee, 1976), cold-shock
treatments appeared to induce enzyme release in that semen. On the other hand,
Chinnaiya, Kakar and Ganguli (1979) observed a lower sperm release of other

enzymes like GOT and GPT in post-freeze samples of CAW-extended buffalo semen
as compared to EYC and TRIS-extended samples. The subsequent cooling procedure
and the addition of the glycerol-containing fraction of the diluent did not significantly
modify hyaluronidase release during semen freezing.

E. Extracellular hyaluronidase in buffalo semen extended with CAW. &horbar; Several

reports from our laboratory (Ganguli et al., 1973 ; Bhosrekar and Ganguli,1976) have
established that buffalo semen can be successfully extended with CAW both for cold



storage and for freezing (Chinnaiya, 1978). The rate of acrosomal enzyme leakage
into the seminal plasma in buffalo semen extended with CAW is therefore being esti-
mated. It is clear from the results of figure 2 that the hyaluronidase level in the extra-
cellular fluid was almost unchanged when the semen was stored in CAW at 5 or 37 °C
for the period studied (12 hrs). This establishes the efficiency of CAW as a suitable
diluent for protecting the acrosome, even at 37 °C (15 trials) ; neat semen at that
temperature showed a 100 p.100 release of that acrosomal enzyme as compared to the
initial level (fig. 1).

F. Hyaluronidase activity in seminal plasma and acrosomal preparation after storage.
- Seminal plasma and acrosomal preparations were stored in the cold (5oC), at

room temperature (30 °C) or in a frozen condition (&horbar;15 oC) to determine hyaluroni-
dase stability. The enzyme was more stable in seminal plasma than in the acrosomal
preparation in all these conditions. Storage temperature had very little effect on the

enzyme.

Conclusion.

The hyaluronidase activity of buffalo semen seminal plasma is not correlated
with the mass activity of neat semen. This semen stored at 37 OC shows a high rate of
acrosomal hyaluronidase release, contrary to the semen extended with CAW. The
sonication technique appears to be a better method for quantitative hyaluronidase
release from the spermatozoal acrosome.
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Résumé. La désintégration par ultrasons entraîne une décharge plus importante de la
hyaluronidase du sperme de buffle que la congélation/décongélation. La fraction perdue
constitue 10 p. 100 de l’activité enzymatique totale du sperme frais. Nous n’avons pu trouver
de rapport entre l’activité de la hyaluronidase du plasma séminal et la motilité du sperme.



A la différence des Bovins, l’activité enzymatique trouvée dans le plasma séminal de
buffle conservé à 37 !C présente une augmentation marquée, alors qu’à 0°C la perte
d’enzyme est négligeable. La dilution du sperme dans le milieu acide citrique-petit lait à
5 ou 37 °C empêche significativement la fuite de l’enzyme dans le plasma, bien que la quan-
tité d’enzyme libérée soit plus importante lorsque le sperme dilué est conservé au frais.
L’enzyme est parfaitement stable dans le plasma séminal et les préparations acrosomiques
au cours de conservation à 50e pendant de longues périodes.
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