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OPSOMMING: DIE INVLOED VAN KORREL-GROOTTE, GRAAD VAN VERDUNNING VOOR BEVRIESING EN MET ONTDOOIING EN
VAN TEMPERATUUR VAN ONTDOOIING OP DIE OORLEWING EN AKROSOOM-MORFOLOGIE VAN BEVRORE RAM SPERME

) Die invloed van korrel-grootte, verdunningsgrade en ontdooiingstemperature op die leefbaarheid en akrosoom-morfologie van bevrore
ram sperme is ondersoek in drie faktoriaal eksperimente. Beide lae en hoé verdunningsgrade voor bevriesing het 'n nadelige effek op die oorle-
wing van sperme gehad; optimum resultate is behaal met 3- tot 8-voudige verdunning. Toenemende graad van verdunning met ontdooiing was
voordelig na die gebruik van lae grade van verdunning voor bevriesing; die omgekeerde geld egter met hoé verdunning voor bevriesing. Verdun-
ning van 3-voud en hoér was nodig voor bevriesing ten einde bevredigende oorlewing van sperme te verseker na ontdooiing in droé€ proefbuise.
Korrel-grootte, ontdooiingstemperatuur en graad van verdunning met ontdooiing het *n betekenisvolle effek op die spoed van bevriesing en
ontdooiing van semen gehad. Verder het beide hoér ontdooiingstemperature en die gebruik van 'n ontdooiingsmedium ook die oorlewing en
akrosoom-status van sperme gunstig beinvloed tydens die prosedures van bevriesing, ontdooiing en inkubasie.

SUMMARY

Three experiments were conducted to examine the effects of dilution rates prefreezing and at thawing, pellet volume, and of thawing
temperature on the survival and acrosome-morphology of ram spermatozoa. Semen was diluted with a Tris-glucose diluent and frozen in pellet
form on dry ice. Best results were obtained with 3- to 8-fold dilution prefreezing. Increasing rate of dilution at thawing improved the results
when low prefreezing rates were used, but the reverse occurred with high rates of dilution prefreezing. Recovery of spermatozoa after thawing
in dry tubes was satisfactory only when the semen was diluted 3-fold or at higher rates before freezing, Post-thawing survival of spermatozoa
frozen and thawed in this way also equalled survival of cells thawed and incubated in a solution. In the final experiment, temperature recordings
showed that freezing and thawing velocities of pellet-frozen semen were affected significantly by pellet volume, thawing temperature and dilu-
tion rate at thawing. The latter two factors also had an influence on the survival and acrosome-morphology of spermatozoa. Both higher thawing
temperatures and thawing of the pellets in a solution acted beneficially on the viability and maintenance of acrosome-integrity of the cells fol-
lowing the freeze-thaw-incubation procedures.

The relationships between freezing and thawihg velo- Procedure
cities and survival of spermatozoa following pellet-freezing
have been examined in the bull (Rottensten, 1971; Juséenko, Semen was collected from mature Merino rams by

Semakov & Levin, 1972) and ram (Schmidt, 1968; artificial vagina (Expts. 1, 2) or electro-ejaculator (Expt.
Lightfoot & Salamon, 1969a, b). These reports outlined the 3) and only samples with good initial motility were used.
important effects of prefreezing and thawing dilution rates Aliquots of semen were diluted at 30°C by a single addi-

and of thawing temperature on the frgezing and thawing tion of the glycerol-containing diluent.

velocities and subsequent survival of spermatozoa. It is The prefreezing dilution rate varied in Experiments
generally reported that a thawing solution acts beneficially 1 and 2 and was 1:4 (semen:diluent, v/v) in Experiment 3,
on the recovery and survival of spermatozoa, With ram When the prefreezing dilution rates varied, the diluent com-
semen, however, the additional dilution at thawing neces- ponents were adjusted in order to have the same concentra-
sitates reconcentration of the thawed semen before insemi- tion in the diluted semen for every rate of dilution. Thus,
nation in order to obtain satisfactory fertility (Lightfoot in all experiments the diluted semen contained 240 mM
& Salamon, 1970a, b; Salamon & Lightfoot, 1970). Tris-75,8 mM citric acid-22,2 mM glucose-12% (v/v) egg

The experiments reported here were conducted to yolk — 4% (v/v) glycerol.

examine the effects of pellet volume, prefreezing and thaw- The diluted semen was cooled to 5°C in 2 to 21/2
ing dilution rates and of thawing temperature on the sur- hours and then pelleted on dry ice. The pellet volume was
vival and acrosome-morphology of spermatozoa frozen in 0,06 mi in Experiments 1 and 2 and varied in Experiment
pellet form. In addition, attention has also been given to 3. The semen was kept on dry ice for three minutes, after
the development of suitable techniques for thawing of se- which the pellets were transferred into liquid nitrogen and
men in dry tubes in order to avoid excessive dilution and stored for 24 to 48 hours before thawing for examination.
the need for reconcentration of the thawed semen before The pellets were thawed in test tubes containing a thawing
insemination. solution (300 mM Tris-94,7 mM citric acid-55,5 mM fruc-

* Present address: Dept. Agricultural Technical Services, Windhoek, 9100, South West Africa.
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tose) or in dry tubes held in a waterbath at 37°C (Expts.
1, 2). The thawing temperatures varied in Experiment 3
and immediately when the pellets were completely thawed,
the tubes were transferred to a waterbath at 37°C for in-
cubation. The dilution rate at thawing varied in all expe-
riments. In Experiment 3 the number of pellets thawed for
each pellet volume was predetermined so that equal volumes
of thawed semen were incubated for all pellet volumes
(e.2.20x 0,03 ml =1 x 0,60 ml).

The percentage of motile spermatozoa was assessed
under coverslip on a warmstage (37°C) immediately after
“thawing and at two hour intervals during subsequent incu-
bation for six hours at 37°C. In Experiment 3 the freezing
and thawing velocities were measured with a Chromel-Alu-
mel 2ABI thermocouple (+50 to -200°C) connected to a
Phillips recorder. The temperature decrease during freez-
ing was measured in the centre of the pellets. Changes in
temperature during thawing were recorded by placing the
thermocouple in the thawing solution or on the bottom of
the test tube before the pellets were transferred into the
tube. During the thawing process the tubes were shaken
briskly to ensure adequate contact between the pellets and
thermocouple. When more than one pellet had to be thaw-
ed (e.g. smaller pellets), they were transferred into the
test tubes simultaneously.

In Experiment 3 the spermatozoa were also examined
for acrosome-morphology immediately after thawing and
after six hours incubation on smears stained and cleared ac-
cording to Dott & Foster (1972). On each smear 100 cells
were examined under a phase-contrast microscope using the
yellowish-green part of a continuous interference filter
(Leitz Wetzlar). The vials containing the semen for incuba-
tion and the smears were coded and presented for exami-
nation in random order, so that the observer did not know
their identity.

Motility data for each experiment, following angular
transformation, were examined by analyses of variance for
a split-plot experiment, post-thawing incubation being the
sub-plot (Cochran & Cox, 1957). Where significant first-
order interaction was revealed between rams and other fac-
tors, this interaction mean square was used to test the rele-
vant main effect. When necessary, individual means were
compared with Duncan’s new multiple-range test (Steel &
Torrie, 1960). Data for freezing rates and acrosome-mor-
phology in Experiment 3 were examined by standard ana-
lysis of variance. All results are presented as the re-trans-
formed values of the means for the transformed data.

Results
Experiment 1 .
The effects of different rates of dilution prefreezing
and at thawing on the survival of spermatozoa were exa-

mined in a 4x4x3 factorial experiment:

1. Prefreezing dilution rate: 1:1 v. 1:3 v. 1:7 v.
1:15 (semen:diluent, v/v)
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Dilution rate at thawing: 1:0 v. 1:1 v. 1:3 v,
1:7 (pellets: thawing solution, v/v)

3. Rams: pooled ejaculates from each of three
rams.

Revival of spermatozoa following freeze-thawing was
highest for 1:3 to 1:7 prefreezing dilution rates. Lower and
higher rates of dilution resulted in poorer cell survival (pre-
freezing dilution, quadratic, P<0,01, Table 1). Dilution rate
at thawing had little effect on the mean percentage of motile
spermatozoa after thawing. There was, however, an inter-
action between prefreezing and thawing dilution rates
(P<0,01, Table 1). Increasing dilution at thawing improved
the results for low (1:1) prefreezing dilution, but the re-
versed occurred with high rates of dilution prefreezing
(1:7, 1:15). Thawing in dry tubes was more successful
when the semen was diluted 4- to 16-fold rather than two-
fold before freezing. Survival of spermatozoa during incu-
bation was influenced by both prefreezing and thawing
dilution rates (P<0,05, Table 1). Viability of cells declined
steeper with either high prefreezing or low thawing rates,
whereas combination of high dilution before freezing and
at thawing resulted in low recovery and survival rates.
There was a significant difference in the semen of the rams
in resistance to the freeze-thawing procedures (P<0,01).

Experiment 2

In this experiment (3x5x3 factorial) a narrower range
of prefreezing and thawing dilution rates were examined:

1.  Dilution rate prefreezing: 1:2 v. 1:3 v. 1:4
(semen: diluent, v/v)

2. Dilution rate at thawing: 1:0 v. 1:1 v, 1:2 v,
1:3 v. 1:4 (pellets: thawing solution, v/v)
3.  Three replicates at dilution from pooled semen

of six rams.

The means for increasing dilution rates prefreezing
(424, 43,7 and 43,4) and at thawing (41,0, 43,9, 44,0,
43,8 and 43,2) did not differ significantly. The only signi-
ficant interaction detected by the analysis of variance was
between dilution rate at thawing and time of incubation
(P< 0,05, Table 2). Spermatozoa survived better during
post-thawing incubation when the semen was thawed in
dry tubes or when thawing dilution rates were low (1:1,
1:2) than after the use of high dilution rates at thawing
(1:3, 1:4).

Experiment 3

This 4x4x5S factorial experiment examined the ef-
fects of pellet volume (0,03 v. 0,15 v. 0,30 v. 0,60 ml),
thawing temperature (37 v. 42 v, 47 v. 52°C) and dilution
rate at thawing (1:0 v. 1:1 v. 1:2 v. 1:3 v. 1:4, pellets:
thawing solution, v/v) on (a) the thawing velocity of se-
men, (b) the survival of spermatozoa and (c) the acrosome-
morphology of the thawed cells. The effect of pellet vo-



Experiment 1: Interaction of dilution rate prefreezing and at thawing and time of incubation

Table 1

(Percentage of motile spermatozoa)

Dilution Time of in- Prefreezing dilution rate
rate at cubation Means
thawing (hr) 1:1 1:3 1:7 1:15
1:0* 0 43,0 51,7 50,0 482 48,2
2 379 448 46,5 46,5 439
4 36,2 413 39,6 41,3 39,6
6 29,7 379 36,2 36,2 35,0
Means 36,6 439 430 43,0 41,6
1:1 0 41,3 51,7 50,0 48,2 478
2 39,6 46,5 448 46,5 43
4 362 393 41,3 36,2 38,3
6 31,3 34,5 345 329 33,3
Means 37,1 43,0 426 409 40,9
1:3 0 51,7 50,0 46,5 41,3 474
2 50,0. 43,0 41,3 379 43,0
4 396 379 39,6 34,5 39,9
6 34,5 345 379 329 350
Means 439 41,3 413 36,6 40,8
1:7 0 50,0 46,5 46,5 39,6 45,6
2 4.8 413 43,0 36,2 41,3
4 413 413 379 345 38,7
6 39,6 39,6 36,2 22,0 34,1
Means 439 422 40,9 329 399
Overall means 403 42,6 42,0 383
* Thawing in dry tubes.
Table 2
Experiment 2: Interaction of dilution rate at thawing and time of incubation
(Percentage of matile spermatozoa)
Time of Dilution rate at thawing
incubation Means
(hr) 1:0* 1:1 1:2 1:3 1:4
0 453 482 488 494 47,7 479
2 425 45,3 459 46,5 46,5 45,3
4 38,5 425 423 41,3 419 41,3
6 379 39,6 39,0 379 36,8 38,2
Means 410 439 440 438 432

* Thawing in dry test tubes.
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‘Fig. 1. Experiment 3: The effect of pellet volume on the
freezing rate of pellet-frozen semen

lume on the freezing rate of semen was also determined.
Recording for each peliet volume was replicated five times.

(a) Freezing and thawing rates of semen:

The freezing curves for different pellet volumes are
shown in Fig. 1. An initial small rise in temperature was
caused by the transfer of the semen with a pasteur pipette
from the waterbath at 5°C to the surface of the dry ice. It
follows therefore that the bigger pellets showed the grea-
test rise in temperature, because of the longer exposure of
the cooled pipette to air temperature (+ 20°C). The freez-
ing rates (°C/minute) between + 5 and -60°C differed
significantly for the pellet volumes used (P<0,001). Com-
parison of individual means showed that the freezing rate
for 0,03 ml pellets (93,1°C/min) was significantly greater
than for 0,15, 0,30 and 0,60 ml pellets (48,0, 37,3 and
33,7°C/min respectively), but there was no difference in
freezing rate for the larger volumes.

An illustration of the effects of different pellet vo-
lumes and thawing dilution rates on thawing velocity is
presented in Fig. 2 (thawing temperature 37°C). Two fea-
tures of these curves are indicative of the thawing velocity,
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Fig. 2. Experiment 3: The effect of pellet volume, thaw-
ing temperature and dilution rate on the thawing
velocity of pellet-frozen semen

Thawing temperature 37°C

namely the minimum temperature recorded in the thawing
process and the total thawing time of the pellets. The dif-
ferences in thawing velocity for the various treatments were
tested by analysis of variance. Tables 3 and 4 show that the
thawing velocity was increased by increasing thawing tem-
perature and thawing dilution rate, or by decreasing the
pellet volume. The time of thawing for the different pellet
volumes was influenced by the dilution rate at thawing
(pellet volume x dilution rate at thawing, P<0,001, Table
5). When thawing in dry test tubes, the bigger pellets thaw-
ed considerably slower than the smaller ones, but there was
little effect of pellet volume when thawing was performed
in a solution (dry tube v. solution x 0,03 v. rest, P<0,001;
x linear, P <0,001; x quadratic, P<0,05).

(b) Survival of spermatozoa:

The survival of spermatozoa after the freeze-thawing
procedures was influence by both thawing temperature
(P<0,01) and dilution rate at thawing (P<0,001), whereas
pellet volume had no significant effect on the viability of
the cells (Table 6). There was no significant interaction be-
tween any of the factors.

(c)  Acrosome-morphology of the thawed cells:

The effects of pellet volume, thawing temperature
and dilution rate at thawing on acrosome-morphology are
summarised in Table 7. Pellet volume and thawing tempera-
ture had relatively little influence on the acrosome of the
thawed cells. Rate of dilution at thawing and time of incu-
bation, however, had significant effects on the proportion



Table 3

Experiment 3: The effect of pellet volume, thawing temperature and diution rate on the
minimum temperature reached during the thawing process

Pellet Minimum tem- Thawing tem- Minimum tem- Dilution rate Minimum tem-
volume perature* perature perature® at thawing perature*
(ml) (°0) (°C) (°C) (°O)
0,03 6,6 37 70 1:0* -15,0
0,15 94 42 9,3 1:1 10,6
0,30 13,5 47 129 1:2 15,1
0,60 145 52 148 1:3 20,3
1:4 239
P 003v.rest, <0,001 linear, <0,001 Ov.rest, <0,001
linear, <0,001 residugl, ns. linear, <0,001
quadratic, ns. residual, ns,
* Temperature of thawing solution or of semen.
+ Thawing in dry test tubes.
Table 4
Experiment 3: The effect of peliet volume, thawing temperature and dilution rate
on the thawing time of pellet-frozen semen
Pellet Thawing time® Thawing tem- Thawing time* Dilution rate Thawing time*
volume (sec) perature (sec) at thawing (sec)
(ml) (°C)
0,03 25,1 37 43,1 1:0* 53,3
0,15 28,1 42 28,8 1:1 23,8
0,30 28,5 47 22,5 1:2 223
0,60 31,7 52 189 1:3 21,1
1:4 21,2
P 0,03v.rest, <0,001 linear, <0,001 Ov.rest, <0,001
linear, <0,05 quadratics0,001 residual, ns.
quadratic, ns, cubic, ns.

* Time required by semen to reach 37°C.
+ Thawing in dry test tubes.
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Table 5

Experiment 3: Interaction of pellet volume and dilution rate at thawing
( Thawing time of pellets, seconds)

Pellet volume Dilution rate at thawing
(ml) Means
1:0* 1:1 1:2 1:3 1:4
0,03 36,3 240 235 210 20,5 25,1
0,15 51,8 240 223 22,0 20,5 28,1
0,30 543 22,0 22,3 21,0 228 28,5
0,60 71,0 25,0 21,0 20,3 21,0 31,7
Means 533 238 223 21,1 21,2
'+ Thawing in dry test tubes.
Table 6
Experiment 3: The effect of pellet volume, thawing temperature and dilution rate
on the viability of spermatozoa during post-thawing incubation
Pellet Motile Thawing tem- Motile Dilution rate Motile
volume sperm perature sperm at thawing sperm
(mi) % (°0) (%) %)
0,03 40,7 37 40,9 1:0* 49,1
0,15 426 42 40,6 1:1 429
0,30 42,6 47 436 1:2 414
0,60 432 52 439 1:3 39,7
1:4 38,3
P n.s. linear, <0,001 Ov.rest, <0,00!
residual, ns linear, <0,001
residual, ns.

* Thawing in dry test tubes.
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Toble 7 Y-

Experiment 3: Interaction of pellet volume, dilution rate at thawing and thawing temperature
(Pmm of spermatozoa with normal acrosomes)

Thawing tem- | Dilution rate Pellot volume
perature at thawing L) Means
co 0,03 0,15 030 0,60
37 1:0* 28,1 28,1 172 31,3 26,0
1:1 26,5 38,7 305 213 29,1
1:2 413 354 329 32,1 354
1:3 439 413 329 28, 36,4
1:4 37,1 38,7 37,1 36,2 37,3
Means 352 364 298 29,7 32,7
42 1:0 265 213 . 281 238 24,6
1:1 199 206 213 273 237
12 46,5 37,1 413 337 39,6
1:3 422 329 36,2 28,1 3438
1:4 354 33,7 213 35,4 329
Means 33,7 289 319 293 30,9
47 1:0 28,1 32,1 28,1 28 26,3
111 337 235 235 29,7 275
122 38,7 37.1 28 430 352
1:3 379 337 49,1 46,5 41,7
1:4 313 33,7 474 36,2 37,1
Means 339 319 33,7 342 334
52 1:0 a3 38,7 329 28 28,7
1:1 305 329 405 33,7 343
1:2 329 { 220 354 345 31,1
1:3 448 439 439 379 96
1:4 379 36,2 39,6 354 373
Means 332 34,5 384 32,7 34,7
Overall means 340 329 334 31,5

* Thawing in dry test tubes.
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Fig. 3. Acrosome-morphology of ram spermatozoa after
freeze-thawing procedures

(a) Normal, undamaged (Type I),

(b) Stlight damage (Type II).

(c) Medium damage (Type III).

(d) Severe damage (Type IV ).

(e) Complete loss of acrosome (Type V).

of cells with normal acrosomes. In general, low dilution ra-
tes and six hours post-thawing incubation decreased the
proportion of cells with normal or with only slightly da-
maged acrosomes, and concomittantly increased the inci-
dence of severely damaged cells and of those with loss of
acrosome. _

Thawing temperature interacted with pellet volume
(P<0,01) and dilution rate at thawing (P <0,001) and these
factors were further involved in a second-order interaction
(P<0,001, Table 7). When thawing at 37 and 42°C small
‘pellets tended to perform better than large ones, whereas
larger pellets (0,30 and 0,60 mil) performed better than
smaller ones (0,03 and 0,15 ml) at 47 and 52°C. Low dilu-
tion rate at thawing (1:0, 1:1) was more harmful to the
acrosome than higher rates, especially for larger pellets and
when thawing at lower temperatures.

Discussion

Nagase & Niwa (1964) and Juscenko et al. (1972)
reported that increasing the volume of pellets from 0,013
to 0,20 ml and from 0,1 to 0,5 ml respectively, had no ef-
fect on the revival of bull spermatozoa after pellet-freezing.
Similar results were reported for ram semen by Lightfoot
& Salamon (1969b) when pellet volumes were increased
from 0,03 to 0,86 ml. In the present study, pellet volumes
of 0,03 to 0,60 ml had no effect on survival and acrosome-
morphology of ram spermatozoa frozen by the pellet
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method on dry ice. Freezing and thawing rates were, how-
ever, influenced by the pellet volume; large pellets (0,30
and 0,60 ml) had lower freezing and thawing velocities
than small pellets (0,03 and 0,15 ml). The freezing curves
and rates of cooling for different pellet volumes were simi-
lar to those reported by Lightfoot & Salamon (1969b) and
Nagase (1972). The findings of these authors were also con-
firmed that no rebound-phenomenon occurred during the
freezing of the pellets, contrary to results of Schmidt (1968)
who observed a slight rise in temperature between O and
-3°C.

Velocity of thawing, measured either in the pellets or
in the thawing solution, is reported to be dependent on
pellet volume and thawing temperature (Schmidt, 1968;
Juiéenko et al., 1972). Smaller pellets and higher thawing
temperatures increased the velocity of thawing. The results
presented here are in agreement with these findings. In ad-
dition it was found that pellet volume, thawing tempera-
ture and dilution rate at thawing acted additively in their
effect on thawing velocity: Increasing any one of these re-
sulted in faster thawing, while a combined increase in two
or three of the factors further increased the thawing velo-
city. It is also noteworthy that the dilution rate at thawing
had an influence on the minimum temperature reached in-
side the test tubes during thawing. These temperatures drop-
ped below 0°C only when the pellets were thawed in dry
tubes (Table 3). The crystallization and recrystallization
zones (0 to -15°C and below -15°C respectively; Behrman,
1971) present a harmful environment to cells during the
thawing process and this could explain the greater mem-
brane damage observed after “dry” thawing in Experiment
3.

Lightfoot & Salamon (1969a) investigated the effects
of freezing and thawing dilution rates on survival of ram
spermatozoa pellet-frozen in a raffinose-citrate diluent.
They found that increasing prefreezing dilution required
lower dilution rates at thawing for optimal revival of cells.
Lightfoot & Salamon (1969b) also indicated the importance
of a thawing solution in providing a suitable milieu for the
recovery and post-thawing survival of spermatozoa. The re-
sults presented here substantiated these findings and also
confirmed results with Tris-based media reported by
Salamon & Visser (1972). An important feature of this
study was the observation that ram spermatozoa pellet-
frozen in Tris-diluent can be thawed successfully in dry
tubes, provided that the prefreezing dilution rate was be-
tween 4- and 8-fold. Both the recovery and survival rates
of cells treated in this way were comparable to results ob-
tained after thawing in a solution. Motility of spermatozoa
was, however, not correlated with their acrosome-morpho-
logy (Experiment 3, Tables 6 and 7). Substantially more
acrosome-damage occurred after thawing in dry tubes than
when the semen was thawed and incubated in a solution.
The successive stages of acrosome-damage (Fig. 3) observed
in this study were similar to those reported by Healy (1969),
Nath (1972) and Watson & Martin (1972). The proportion
of cells with normal appearing acrosomes after freeze-
thawing was, however, higher than the values reported by
these workers and by Varnavskii (1970) and Smorag (1971).



This discrepancy can most probably be accounted for by ment.of inseminate volumes will be necessary to compen-
the more optimal conditions of freezing and thawing em- sate for this loss of intact cells,
ployed in the experiments reported here. :

In conclusion, the results of this study showed that

ram semen can be frozen successfully in pellet volumes up Acknowledgements
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be thawed in dry tubes without serious detrimental effect The author wish to thank the Australian Research
on cell recovery and survival. The harmful effect of “dry™ Grants Committee and the South African Department of

thawing on acrosome-morphology of the spermatozoa Agricultural Technical Services for financial assistance.
should, however, be bome in mind when evaluating frozen- Grateful acknowledgement is also made to Dr. S. Salamon,
thawed semen which is to be used for insemination. Loss University of Sydney, for guidance and assistance given in
of acrosome-integrity can be assumed to have a depressing the course of the work and in the preparation of the ma-
effect on the fertility of frozen-thawed cells and adjust- nuscript.

References

BEHRMAN, S.J., 1971. Preservation of human sperm by liquid nitrogen vapour freezing. In: Current Problems in Fertility,
p. 10. Ed. A, Ingelman-Sundberg & N.—0. Lunell. New York & London: Plenum Press.

COCHRAN, W.G. & COX, GM., 1957. Experimental Designs, 2nd edn. New York: John Wiley & Sons, Inc.

DOTT, HM. & FOSTER, G.C., 1972. A technique for studying the morphology of mammalian spermatozoa which are
eosinophilic in a differential ‘live/dead’ stain.J. Reprod. Fert. 29, 443.

HEALY, P., 1969. Effect of freezing on the ultrastructure of the spermatozoon of some domestic animals. J. Reprod, Fert.
18, 21.

JUSCENKO, N.P., SEMAKOV, V.G. & LEVIN, K.L,, 1972. The effect of thawing regime on the motility of frozen semen.
Zhivotnovodstvo, Mosk. 37(7), 81.

LIGHTFOOT, RJ. & SALAMON, S., 1969a. Freezing ram spermatozoa by the pellet method. I1. The effects of method of
dilution, dilution rate, glycerol concentration, and duration of storage at 5°C prior to freezing on survival of spermato-
zoa. Aust. J, biol. Sci. 22, 1547.

LIGHTFOOT, R.J. & SALAMON, S., 1969b. Freezing ram spermatozoa by the pellet method. III. The effect of pellet vo-
lume, composition of the thawing solution, and reconcentration of the thawed semen on survival of spermatozoa. Aust.
J. biol. Sci. 22,1561.

LIGHTFOOT, RJ. & SALAMON, S., 1970a. Fertility of ram spermatozoa frozen by the pellet method. I. Transport and
viability of spermatozoa within the genital tract of the ewe.J. Reprod. Fert. 22, 385.

LIGHTFOOT, RJ. & SALAMON, S., 1970b. Fertility of ram spermatozoa frozen by the pellet method. II. The effects of
methods of insemination on fertilization and embryonic mortality.J. Reprod. Fert. 22, 399.

NAGASE, H., 1972. Scientific and technological background of pellet freezing of bull semen. In: Animal Reproduction and
Artificial Insemination, p. 189. Italian Soc. Adv. Anim. Sci. Edagricole, Bologna.

NAGASE, H. & NIWA, T., 1964, Deep freezing bull semen in concentrated pellet form. I. Factors affecting survival of sper-
matozoa. Proc. Vth int. Congr. Anim. Reprod., Trento. 4, 410.

NATH, J., 1972. Correlative biochemical and ultrastructural studies on the mechanism of freezing damage to ram semen.
Cryobiol. 9, 240. °

ROTTENSTEN, K., 1971. Effect of thawing temperature on the revival of spermatozoa frozen in pellets. Arsberethn. Inst.
Steriliteitsforsk. K. Vet.—og Landbohjsk. 14, 87. (Anim. Breed. Abstr. 40,437).

SALAMON, S. & LIGHTFOOT, R.J., 1970. Fertility of ram spermatozoa frozen by the pellet method. III. The effects of in-
semination technique, oxytocin and relaxin on lambing. J. Reprod. Fert. 22,409.

SALAMON, S. & VISSER, D., 1972. Effect of composition of Tris-based diluent and of thawing solution on survival of ram
spermatozoa frozen by the pellet method. Aust. J. biol. Sci. 25, 605. .

SCHMIDT, D., 1968. Versuche iiber die Gefrierkonservierung von Bullen-, Ziegenbock- und Schafbocksperma in Pelletform.
Fortpfl. Haust, 4,172.

SMORAG, Z., 1971. An attempt of assessing of morphological changes occurring in the frozen semen of bull and ram. Med.
Wet. 27,679.

STEEL, R.G.D. & TORRIE, ] .H., 1960. Principles and Procedures of Statistics, with special Reference to biological Sciences.
New York, Toronto & London: McGraw-Hill Book. Co., Inc.

VARNAVSKIi, AN. 1970. The effect of freezing method on motility and ultrastructure of bull and ram spermatozoa.
Zhivotnovodstvo, Mosk. 32(9), 53. (Anim. Breed. Abstr. 39, 47).

WATSON, P.F. & MARTIN, LC.A., 1972. A comparison of changes in the acrosomes of deep-frozen ram and bull sperma-

tozoa. J. Reprod. Fert. 28, 99.

155





