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INTRODUCTION

In our previous experiment!?, the effects of various cryoprotectants (glycerol, di-
methylsulphoxide (DMSO), methylformamide and ethylene glycol) in the same molarity
on morphological preservation of frozen-thawed spermatozoa were examined under a light
and scanning electron microscope (SEM) to find out the most suitable cryoprotectant.
It was concluded that glycerol was superior to ethylene glycol, DMSO and methyl-
formamide as a cryoprotectant for fowl spermatozoa. It has also been proved in the
experiments on bull> 3, ram * %) and boar® spermatozoa that the cryoprotective effect
of glycerol was most useful.

The optimum glycerol concentration for freezing spermatozoa of bulls 7-9),
rams' %' 1Y boars®) and fowls'® has been determined mainly by motility or survival of
spermatozoa after frozen-thawed. Porce ') and Gramam ef al'¥, however, suggested
that there is poor correlation between the spermatozoal motility and fertility in boars in
the presence of glycerol, and that the morphological observation of frozen-thawed
spermatozoa is important, especially in acrosome and midpiece. It is also reported that
there is high correlation in fowl between the crooked-necked spermatozoa and the
fertilizing ability!®). These results suggest that the inspection of spermatozoal structure
is as a reliable method for assessment of fertilizing ability of frozen-thawed spermatozoa
as the evaluation of motility or survival of spermatozoa. Thus, the acrosomal integrity or
the acrosomal deterioration was investigated to determine the optimum glycerol con-
centration for freezing semens of mammals (bulls'®!? rams'® and boars®)). As for -
avian frozen spermatozoa, however, there are no reports on determination of the
optimum glycerol concentration based on the morphological integrity of spermatozoa,
probably because of their small size!?— 21,

In the present study, morphological and physiological observations were conducted
to determine the optimum glycerol concentration for freezing fowl spermatozoa,
especially focussed on the injuries of the acrosome and midpiece through the freeze-
thawing procedures.



26 Teruo MAEDA, Hiromi SENBA, Takato TERADA and Yoshio TsuTsum1

MATERIALS AND METHODS

Collection and treatment of semen

Semen was collected from 10 White Leghorn cocks (10 to 15 months old), housed in
an individual cage, by the abdominal massage technique?®), and pooled in the glass
centrifuge tube which was placed in a beaker containing water at 5°C. One volume of
semen was mixed with three volumes of 5.7% glucose solution which contained O, 5, 7,
10, 15 and 20% glycerol, respectively. Each diluted semen (0.2 m®) was frozen in a
pelleted form??® after 2 — 10 min. glycerol equilibration. The cooling rate of semen
samples from +5 to —60°C was 27°C/min. Five frozen pellets in a 10 mg-test tube were
thawed in a water bath at 37°C after 1—2 hour storage at —~79°C. Each frozen-thawed
semen sample was subjected to the following three procedures.

Estimation of sperm motility

Sperm motility of frozen-thawed semen was estimated on a microscope stage
incubator at 37°C, and scored according to the method described by Crark and
SHAFFNER 2%, Units used for scoring ranged from five (maximum motility) to zero
(completely inactive spermatozoa).

Treatment for light-microscopic examination

Postthawed semen was smeared on a glass slide. The smears were fixed in formaline
vapor for 1 hour at 5°C, and air-dried, and then dipped into an alcohol (> 95%) bath
for 10 min. to remove alcohol soluble contaminants, and air-dried again. The incidence
of crooked-necked spermatozoa (CNS) was calculated approximately at 500 cells under
a phase-contrast microscopé (PCM).

Treatment for scanning-electron-microscopic examination

Spermatozoa in postthawed semen were fixed at 5°C for | hour by mixing with 25%
glutaraldehyde solution to the final concentration of 3%. The solution suspended while
the fixed spermatozoa were centrifuged at 700 g for 10 min. at 5°C, and then the
supernatant was discarded. The precipitated spermatozoa were washed twice with a
phosphate buffer solution®%) by centrifugation (700 g, 10 min.), and finally resuspended
in the buffer solution. A drop of the sperm suspension was mounted on an aluminum
foil. The foil was slanted, so that a smear of spermatozoa could be made by removing
superfluous suspension with a paper filter, The smears on the foil were air-dried, and
dehydrated in a series of ethanol-water mixtures, and air-dried again, and then gold-
coated and examined with SEM (JEOL, JSM-T20). As for the incidence of abnormal
acrosome (acrosomal deterioration), about 500 spermatozoa were inspected by SEM.

Statistical analysis
Data (incidences of CNS and acrosomal deterioration) were transformed to angles for
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statistical treatment, and the significant differences between means were determined by
use of Duncan ’s multiple range test 26,

RESULTS

Fach of the motility of frozen-thawed semen treated with the six different concen-
trations of glycerol is shown in Table 1. The motility of samples without glycerol was
zero. The highest motility was obtained at 10% glycerol, and the significant difference
(p < 0.05) exists between 10% and the other four glycerol groups, 0, 5, 15 and 20%.
Moreover, the motility of 7% glycerol group is significantly higher (p < 0.05) than that
of 0 and 20% group.

Most of abnormal spermatozoa found by PCM in all the samples were CNS damaged
at the midpiece. As shown in Table 1, there wasa tendenéy to increase in the incidence
of CNS with the increase of glycerol concentration, though no significant differences
were recognized between the samples 0 to 15% glycerol concentrations, The incidence
of CNS at 20% glycerol was significantly higher in comparison with that of CNS at
0, 5 and 7% glycerol, respectively (p < 0.05).

Table 1. Effects of glycerol on the motility and incidence of crooked-necked
spermatozoa (CNS) in frozen-thawed fowl semen

Glycerol a1 Incidence of

concentration Motility CNsD)
(%) (%)
0 0 = 02 3.5 = 2.2%
5 3.1 & 04° 51 & 1.8%
7 3.8 & 0.3 45 & 1.5%
10 41 & 0.7° 7.5 + 4.0%0
15 3.0 £ 1.0° 78 » 2.2°0
20 21 ¢ 0.69 1.6 = 6.1°

D Mean * standard deviation from 5 trials,

abed Means with different superscripts within the same column are significantly
different (p < 0.05).

The acrosome, nucleus, midpiece and tail of spermatozoa were clearly identified by
SEM. CNS’s, which were crooked at the neck region or through the full length of the
midpiece, were checked in this observation on careful comparison with those in PCM
observation. No morphological differences due to the different concentrations of
glycerol, however, were noticed in CNS after frozen-thawed, and the similar tendency was
recognized in the incidence of CNS.

The normal acrosome is conical and has a smooth surface, Various kinds of abnormal
acrosomes, such as separated, swollen, detached, rough and disintegrated one, however,
were found in all the frozen-thawed semen samples (see our previous reports!21)),
There were no differences in the morphology of abnormal acrosomes of frozen-thawed
spermatozoa treated with the different concentrations of glycerol.
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Table 2. Effects of glycerol on the incidence of acrosomal deterioration in frozen-thawed spermatozoa

Glycerol Acrosomal deteriorationl)

concentration Separation Swelling Other abnormality Total
%) %) (%) (%) (%)
0 12 & 118 3.0 £ 1.9% 58 & 1.9 100 = 4,190
5 08 & 0.7% 21 ¢ 0.5% 3.6 + 1.2°° 65 = 2.0°0
7 07 = 0.7° 22 & 112 26 + 0.7° 55 = 212
10 0.8 + 08° 24 & 06" 47 & 1.3%0¢ 7.9 = 2.0°0
15 12 ¢ 118 41 = 3.0° 52 & 1.5%¢ 106 = 4.8°
20 1.2 & 1.0° 2.7 + 042 57 & 133 9.6 = 2.1%P

1)Mean * standard deviation from 5 trials.

a’b’C!VIezms with different superscripts within the same column are significantly different (p <0.05).

Table 2 shows the effects of glycerol concentration on the incidence of abnormal
acrosomes (acrosomal deterioration), which were classified into three types: 1, separation
of acrosomes; 2, swelling of acrosomes; and 3, other abnormalities., In type 1, the
incidence of abnormalities in the glycerol groups did not differ significantly each other.
The incidence of type 2 ranged from 2.1 to 4.1%, and no significant differences were
found. Intype 3 the incidences decreased from 5.8 to 2.6%, with the increase of glycerol
concentration from 0 to 7%, but they increased gradually from 4.7 to 5.7% according to
the increase of glycerol concentration from 10 to 20%. As for the total acrosome deterio-
ration, the 7% glycerol group showed the lowest value, and a significant differénce
(p < 0.05) exists between this and the 15% glycerol group.

Some abnormal acrosomes were observed in both CNS and normal formed sper-
matozoa, It could not be proved whether or not a great deal of spermatozoa with
acrosomal damage always occur in CNS.

DISCUSSION

Roseins ef al. '9) reported that bull spermatozoa were affected in the structure by
glycerol concentration exceeding 10% in the diluted semen, and suggested that the
optimum concentration of glycerol for preventing most effectively morphological injuries
by freeze-thawing was 8.5%. Similarly, it was insisted on by Brcker et al '™ that the
optimum concentration of glycerol for acrosomal maintenance was 7—9% in frozen bull
spermatozoa. Wartson and Martin'®) reported that glycerol concentration over 7.5%
had a detrimental effect on the acrosomal structure, and a lower concentration than 7%
might be advantageous in frozen-thawed ram spermatozoa. Boar spermatozoa were more
sensitive to glycerol, and tended to be influenced detrimentally, and low glycerol con-
centration was favorable for freezing the spermatozoa®). More evidence of sperm
membrane damage by freeze-thawing was demonstrated by the increased release of
glutamic oxalacetic transaminase from boar spermatozoa when glycerol concentration

27)‘

was increased to 8% Thus, it is clear that the sensitivity of spermatozoa to glycerol
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toxicity varies according to species, while glycerol is cryoprotective in spite of its
cytotoxic activity especially to the acrosomal region.

In our present experiments, the incidence of CNS (Table 1) and acrosomal deteriora-
tion (Table 2) in frozen-thawed fowl semen became greater at the glycerol concentration
over 10%. Therefore, it appears that higher concentration of glycerol makes severe
morphological injuries in fowl spermatozoa as well as in bull, ram and boar spermatozoa.
Several studies have been conducted to determine the effects of glycerol on the ultra-
structure of chicken and turkey spermatozoa, It can be suggested that ultrastructural
damages of spermatozoa may be cuased by the treatment of glycerol?8—39),

The incidence of CNS in frozen-thawed fowl semen diluted with the solution contain-
ing 0 to 7% glycerol was comparatively lower, though no motile spermatozoa were
observed at 0% glycerol, and the motility at 5% glycerol was poor (Table 1). Acrosomal
deterioration was also relatively low at 7% glycerol. Sperm motilities and oxygen con-
sumption rates of frozen-thawed fowl semen diluted with the solution containing
different concentrations of glycerol were maximum in 7 and 10% glycerol concentration,
respectively ). Masupa efal '® remarked that the optimum glycerol concentration was
7% (ranged from 6 to 9%) based on the examination of the effects of glycerol con-
centration on the survival of frozen-thawed fowl spermatozoa. Therefore, it may be
concluded that the optimum glycerol concentration for freezing fowl spermatozoa is
about 7%. The optimum glycerol concentration, however, may be influenced by the
component of diluent, freezing rate, thawing rate, freezing methods, and so on ! 18),
Further studies on the effects of various factors on the morphological frozen-injuries will
be necessary. Our studies on the correlation between abnormal acrosome and CNS in
frozen-thawed fowl spermatozoa are in progress.

SUMMARY

In the present study, morphological and physiological observations were conducted to
examine the effects of glycerol concentration and to determine the optimum concentra-
tion for frozen-thawed fowl spermatozoa, especially focussed on the injuries of the
acrosome and midpiece of spermatozoa.

The highest motility was obtained at 10% glycerol, and the secondary was at 7%.
The incidence of crooked-necked spermatozoa (CNS) and acrosomal deterioration in
frozen-thawed semen samples were greater in higher glycerol concentrations. Both
incidence of CNS and acrosomal deterioration in frozen-thawed semen diluted with the
solution containing 7% glycerol were relatively low in all the concentrations of glycerol.

These results may suggest that the morphological injuries increase with the increase
of glycerol concentration, and that the optimum glycerol concentration for frozen-
thawed fowl spermatozoa is about 7%.
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