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MOTILITY AND ACROSOMAL STATUS OF BULL'S SPERM
PRESERVED AT ROOM TEMPERATURE (25°C), BY COOLING (5°)
OR BY FREEZING ( -196°C)

E. E. El-Hassanein

Desert Research Center, Mataryia, Cairo, Egypt.

SUMMARY

The purpose of this study was to determine the maximum sperm longevity in
semen stored at various temperatures. Semen from four healthy bulls (2 Holstein and
2 Guernsey) was collected by using an artificial vagina and incubated at 37°C. After
evaluation of the initial semen quality, raw semen was diluted at 37°C in CUE-Tris to
a concentration of 60x10% cells /ml. and filled into French (0.5 ml.) straws.
Thereafter, straws were split into three equal parts. Each part was preserved by one
of the storage treatments (at room temperature, by cooling and by freezing). Ten
straws from each storage treatment were thawed on the 3rd, 6th and 9th day of
storage. Straws were thawed at 40°C for 20 seconds and incubated at 37°C for 3
hours. Evaluation of percent progressive motility and percent intact acrosomes was
carried out at O-time and 3-hour of incubation to investigate the post-thaw decline in
both evaluation characteristics .

Semen stored for three or six days at room temperature or by cooling showed
higher progressive motility and percent intact acrosomes than that preserved by
freezing for the same period. Elongation of the storing period up to 9 days revealed a
marked drop in both progressive motility and acrosomal integrity of sperm preserved
at room temperature or by cooling than that stored by freezing.

As sperms regwin viasle for 5-6 days, it_ is recomme-_nded to store semen diluted in
CUE-Tris at 25°C or 5 C for the use in artificial insemination within six days of
storage. This will reduce costs incurred by freezing in liquid nitrogen.

Keywords: Bovine, semen, extenders, preservation, temperature, motility acrosomes
INTRODUCTION

In some areas of the world, freezing is not widely available or is expensive Hence,
considerations were given to investigate suitable semen diluents and preserving
techniques for storage of semen at wide range of temperatures to help in extention of
artificial insemination to such areas In artificial insemination practices, research on
preservation of the extended semen concentrated primarily on the maintenance of the
fertilizing capacity of spermatozoa for an extended period of time The livability of the
stored spermatozoa depends on the composition of the diluent used and the suitable
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kind and amount of antibiotics added to that extender. It has been found that Tris
types of organic buffers provide a versatile series of solutions that can be used to
formulate desirable semen extenders and they are suitable for ambient temperature
storage, refrigerated or frozen semen. In comparing Tris-yolk and CUE extenders for
storing semen at 25°C or 5°C for eight days, Foote (1978B) found that CUE was best
at 25°C and Tris was best at 5°C. Paufler (1967) formulated the CUE-Tris extender
and compared between it and Spermasol T and CUE exienders. He found that CUE-
Tris was superior to other extenders on the basis of percent 60-90 days non-return
data. Recently, the two main laboratory quality parameters used to evaluate the post-
thaw fertilizing ability of stored semen are the progressive motility and the acrosomal
integrity. Saacke and White (1972) found that post-thaw acrosome retention was
more highly correlated with fertility than maotility.

The present study was undertaken to investigate the optimum post-thaw sperm
viability and acrosomal integrity in semen diluted in CUE-Tris and stored at wide
range of temperatures

MATERIALS AND METHODS

Two ejaculates from each of four healthy bulls (2 Holstein and 2 Guernsey) were
collected, using an artificial vagina, pooled and held at 37°C. Sperm cells
concentration was measured by diluting 100pl. of raw semen with 7.9ml. of 2.9%
sodium citrate solution and using a previously calibrated spectrophotometer. Initial
progressive motility was evaluated by diluting 10!l of raw semen with 2ml of 5%
egg-yolk citrate solution and using & phase contrast microscope (x100) equipped with
a heated stage at 37°C. Acrosomal integrity was assessed in samples fixed in 0.2%
buffered-glutaraldehyde solution and using a differential interference contrast
microscope (DIC) (x1250) equipped with a heated stage (Johnson et al, 1976)
Primary and secondary abnormalities were evaluated by using DIC optics (Mitchell et
al., 1978).

After evaluation of the initial semin quality, raw semen was split into two equal
portions. The first part was centrifuged twice at 750 x g for 30 minutes to separate
seminal plasma for further biochemical analysis (El-Hassanein, Unpublished data.),
The second portion was diluted at 37°C in CUE-Tris (Foote, 1978) to a concentration
of 60x10° cells/ml. Gentamicin, tylosin and lincon spectin were added to the extender
at levels of 0.656 mg., 0.084 mg. and 4.8 ml. per milliliter of final extender, Extension
process was carried out according to Tuli ef al. (1991),

After evaluation of post-extention progressive motility and acrosomal integrity,
diluted semen was filled into French (0.5 ml.) straws. Immediately afterwards, straws
were split into three equal parts for storing at room temperature (25°C) (RT), by
cooling to 5°C (CT) or by freezing to -196°C (FT). After equilibration of the third
portion of straws at 59C for "about two hours, it was exposed to vapor of liquid
nitrogen for 8-9 minutes before plunging it into the liquid nitrogen.

On the 3rd, 6th and 9th day of storage, ten straws from each storage treatment
were thawed at 40°C for 20 seconds and incubated at 37°C for three hours
(Chandler et al, 1984) Percent progressive motility (PPM) and percent intact
acrosomal membrane (PIA) were evaluated immediately post-thaw (0 hour) and after
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three hours of incubation to investigate the influence of storage temperature, storage
period and post-thaw incubation time on the sperm viability and acrosomal integrity

Counts of ali parameters were examined in two different slides for each sample with
100 spermatozoa per slide and averages were taken, Data of the percentage values
were subjected to arcsine transformation. Analysis of variance and Duncan's multiple
range test between means of the transformed values were carried out by using the
Statgraph program (Version 5)

RESULTS AND DISCUSSION

The different semen characteristics for each bull and the overall average values
were p.res_(inted in Table (1). The mean sperm cells concentration was 828.3 + 53 3
million.ml ~ with an average PPM of 650 +2.04 and PIA of 90.5 + 2 72 However,
primary abnormalities (refer to spermatozoal head and acrosome) (16.8 + 1.25%)
and secondary abnormalities (associated with cytoplasmic droplets and tail defects)
(15.3 + 2.63%) were relatively higher than those reported for aged bulls by Mitchell et
al. {1978).

Table 1. Raw seminal quality of bulls used in the present study.
Animal # Volume®  Concentration % PM % IA % PABN % SABN
(ml)  {x 108 cells/ml.)

I (H) 11.5 979 70 92 14 15
(Il (H) 150 . 828 65 91 17 8
1 (G) 12.5 753 60 83 20 20
IV (G) 12.5 753 65 96 18 18
X +SE. 12.9 8283 650 90.5 16.8 153
+0.75 +53.3 +204 +272 125 1263

N.B.. (a)- Volume of pooled 1st& 2nd ejaculates; (H)- Holstein, (G)- Guernsey; PM= Progressive
molility, IA= Intact acrosomes; PABN= Primary abnormalities, SABN= Secondary abnormalities.

Dilution of raw semen in CUE-Tris at 37°C caused a reduction in both PPM and
PIA by about 16 and 5% from their initial values, respectively (Table 2). The relatively
high drap in PPM might be due to the gradual change occurred in the external
environment of spermatozoa. Studies have shown that extensive dilution of
spermatozoa with simple solutions depressed motility (Mann, 1964), but that the
addition of amino acids and macromolecules such as egg albumin or casein
minimized this dilution effect. The used concentration of egg-yolk in CUE-Tris
extender.(10%) might not have been enough to minimize the effect of dilution at 37°C
on the spermatozoal PPM. However, the dilution process and the diluent composition
led to a maintenance of acrintegrity by about 95% of its initial value,

Three days of storage of semen diluted in CUE-Tris led to a marked decline in PPM
by about 48, 53 and 69%. from the post-extention value, for the RT, CT and FT
stored spermatozoa, respectively. The difference between the post-thaw PPM values
of the three storage temperatures was statistically non-significant (Table 2) However,
frozen semen showed the least PPM as compared with RT or CT stored semen.
Similarly, Weseli ef af (1958) found that frozen semen had a lesser post-thaw PPM
than thatin the liquid semen (5-7 C). In respect of acrosomal integrity, three days of
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storage led to a highly significant difference (P< 0 01) between the three storage
temperatures. Reduction in PIA in frozen semen reached about 57% from the post-
extention value, while it ranged from 16-20% in the liquid semen (RT or CT storage),
It is well known that spermatozoa might lose their acrosomes when they die (the false
or degenerative acrosomal reaction), and assessment of this type of acrosomal loss
is used widely in cryopreservation studies to evaluate the sperm damage. The abrupt
disappearance of acrosomal apical ridge at the onset of the false reaction, as it
occurs on immotile bovine spermatozoa, provides a sharp irreversible end-point for
sperm viability (Saacke and Marshall, 1968). In the present study, frozen semen
poorly maintained post-thaw spermatozoal viability and acrosomal integrity as
compared with the liquid semen following three days of storage. Almquist and Wiggin
(1973) reported improved post-thaw motility, acrosomal integrity and fertility following
fast thawing of frozen bovine spermatozoa packaged in plastic straws, However,
Brown et al, (1982) found that semen straws removed from 35 C water bath after 12
seconds had an internal temperature of approximately -4 C, while straws removed
after 1 min had reached 35°C. Rao et al. (1986) found significantly improved motility
and survival in post-thaw frozen semen by increasing the thawing time from 15 to 30
seconds at 37 °C. In the present study, the observed post-thaw spermatozoal
damage in frozen semen might be due to a cold shock resulting from a delay in
complete thawing of semen. The decline in post-thaw PPM in semen stored for three
days at RT or CT seemed to be not due to spermatozoal damage, but might be due
to some metabolic problems. It was reported by Foote and Bratton (1950) that the
problem of prolonging the motility and fertility of spermatozoa in unrefrigerated
extenders appears to be one of achieving sufficient control of spermatozoan
metabolism. Metabolic rate tends to be proportional 1o absolute temperature, so
reduced temperature has been the chief means of slowing down chemical reactions
and prolonging spermatozoal life (Foote, 1978). The same author added that
spermatozoa need protection from autotoxication due to acid products of
metabolism, particularly when iheg are stored without refrigeration. In semen stored
at about 5 C and rewarmed to 37 C, the percentage of progressive motile cells was
observed te have decreased (Mann, 1964, Salisbury, 1968),

Post-thaw incubation at 37 C for three hours led to a non-significant difference in
PPM between the three storage temperatures (Table 2). However, frozen semen
showed the least decline in PPM (44%) following three hours of incubation as
compared with semen stored either at RT (61%) or CT (56%). In respect of
acrosomal integrity, incubation for three hours led to a highly significant difference
(P< 0.01) between the three storage temperatures (Table 2). Frozen semen showed
the highest decline in PIA (24%), following three hours of incubation, as compared
with liquid semen (16-19%). It seems that incubated frozen semen maintains
spermatozoal viability (motility) better than the incubated liquid semen, however, it
poorly maintains acrosomal integrity. These findings were nolo in agreement with
those of Weseli et al (1958) who found that frozen semen  (-83°C) showed a more
r%oid decline in PPM during incubation than did the corresponding liquid semen (5-
7°C). It must be taken into consideration that the authors freezed semen at a
relatively higher temperature than that in the present study and they used egg yolk-
sodium citrate as extender
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Table 2. Mean values (1 S.E.) of percent progressive muotility and percent intact
acrosomes in bull's semen diluted in CUE-Tris and preserved at room
temperature (RT), by cooling (CT) and by freezing (FT)

Storing  Storing Percent PM of spegmatozoa Percent IA of spermatozoa
Period incubated at 37 C for: incubated at 37 C for:
(Days) Type 0 hour 3 hours 0 hour 3 hours
0-Time RT 548+281 233+t266 863+247 7501323
RT 2863+6681a 1111242 a 7254546 a 585+478 a
3 cT 225+323a 98+206 a 695+1.21 a 585+3.35 a
FT 168+180a 05+104 a 3744579 b 2834521 b
F-test n.s. n.s. o e
RT 293+450a 95+202 a479+229 a 4431149 a
6 cT 188+256a 93+111 a431+t583 a 3641753 a
gest 1804255 a 105+ 155 a 4164555 a 30.8+3.73 a
n.s. n.s. n.s. ns.
RT 58+085a 15+110 a 96+287 a 351074 a
9 CT 138+111 b 35+065a 286+t272 b 1364097 a
Ejrtest 2881*:1.44 c 14.5 :t.::».28 b 4231'?.61 b 31.0 i_:t_o-w b

N.B.. Means in the same column in each block and followed by the same letter are not significantly
different from each other; n.s.= Statistically non significant; === Highly significant (P<0.01);
PM= Progressive motility, IA= Intact acrosomes.

Six days of storage led to a non-significant difference in PPM and PIA between the
three storage temperatures (Table 2). The post-thaw decline in PPM ranged from 61-
67%, from the post-extention value, for the three storage temperatures. The
corresponding decline in PIA ranged from 45-52%. It seemed that CUE-Tris diluter
had the same maintenance effect on spermatozoa stored either at RT, CT or FT for
six days. Post-thaw incubation for three hours ied to a non-significant difference in
PPM and PIA for the three storage temperatures (Table 2). However, frozen semen
showed the same trend as that found foliowing the post-thaw incubation after three
days of storage, i.e it maintained relatively higher spermatozoal viability than liquid
semen but poorly maintained acrosomal integrity.

Nine days of storage led to a highly significant difference (P<0.01) in post-thaw
PPM and PIA between the three storage temperatures (Table 2) Frozen semen
showed the least decline in PPM (44%) and PIA (51%) as compared with the
corresponding liquid semen, while RT storage led to the highest decline in PPM and
PIA (89%) It seemed that frozen semen was superior in maintaining post-thaw
spermatozoal viability and acrosomal integrity following storage for more than six
days. Increasing the storage period up to nine days led to a marked damage for the
spermatozoa stored either at RT or CT. In respect of the post-thaw incubation effect,
the three storage temperatures showed a highly significant difference (P<0.01) in
PPM and PIA. Frozen semen showed the least decline in PPM (51%) and PIA (27%)
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following three hours incubation at 37°C as compared to the corresponding values of
the liquid semen

On the other hand, a thorough examination reflected that, irrespective of the
storage periods and the incubation times, storage temperatures affected (P<0 05)
PPM, but did not affect PIA in semen diluted in CUE-Tris (Table 3). Thawed frozen
semen had the highest PPM (23%) and the least PIA (36%) as compared with the
liquid semen. It seemed that the composition of the CUE-Tris extender was able to
maintain the acrosomal integrity in the stored liquid semen better than in the frozen
semen. According to the findings of Saacke and White (1972) and Saacke et a
(1980) that acrosomal integrity was more correlated to fertility than the motility, it was
suggested that CUE-Tris extender was more suitable for semen preservation at
ambient temperature or by refrigeration than for freezing it.

In respect of the effect of the storage period on semen quality, thwas a highly
significant difference (P<0.01) between the three storage periods (Table 3). Nine days
of storage showed the least PPM (18%) and PIA (27%) than the other two storage
periods. This was mainly due to the marked decline in the quality of RT and CT
stored semen at the nineth day of storage. Figure (1) reflected that PPM and PIA of
spermatozoa diluted in CUE-Tris and stored at RT or CT tended to decrease by
increasing the storage period from three to nine days. However, in frozen semen the
quality showed a reverse trend, i.e. it increased by increasing the storage period. It is
suggested that semen diluted in CUE-Tris must be used within six days of storage at
RT or CT to achieve high fertility rates, however, it can be cryopreserved for fonger
periods for using it in artificial insemination. The highly significant interaction
(P<0.01) between the storage temperatures and storage periods (Table 3) indicated
that semen quality (PPM and PIA} tended to decrease by increasing the storage
period of liquid semen and the reverse was true for the frozen semen, i e its quality
improved by increasing its storage period.

Irrespective of the storage temperature and storage period, post-thaw incubation at
37°C for three hours led to a highly significant decline (P<0.01) in PPM (37%) and
PIA (14%) (Table 3). However, it could be noticed that CUE-Tris extender was able to
maintain acrosomal integrity during incubation better than the progressive motility
Figure (1) showed that post-thaw incubated frozen semen maintained higher PPM
than liquid semen, however, it poorly maintains acrosomal integrity

Table 3. Analysis of variance for seminal quality as affected by storing type, storing
period and incubation time,

Sources Of Variation DF Mean square .

Progressive Motility  Intact Acrosomes

Corrected Total 71

Storing Type (ST) 2 117.43 * 258

Storing Period (SP) 2 291.34 2553.32 ™

Incubation Time  (INT) 1 153229 ** 614 82 **
ST x SP 4 284.86 ** 895 31 **
ST x INT 2 13 34 14 43
SP x INT 2 867 12.29

ST x SP x INT 4 764 2168

Residual 54 20.11 30,76

N.B. DF= Degrees of freedom, -= P= 005 (Significant), *-= P< 0.01 (Highly significant)
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In conclusion the present investigation reflected that semen diluted in CUE-TTs
and stored for about six days at room temperature (259C) ot by refrigeration (5°C)
showed higher seminal quality than that stored by freezing for the same period
However, increasing storage period up to nine days showed a reverse trend, ie
liquid semen had poorer quality than frozen semgn. It is recommended to use semen
diluted in CUE-Tris and preserved at 26 C or 5 C i artificial insemination within six
days of storage Cryopreservation of semen diluted in CUE-Tris is recommended for
preserving it for longer periods to achieve higher fertility rates Post-thaw liquid or
frozen semen diluted in CUE-Tris must be used in artificial insemination as soon as
possible to avoid the marked decline in its quality during the incubation period.
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Figure 1. Percent progressive motility (PM) and percent intact acrosomes (lA) of
stored spermatozoa as affected by storage temperature, storage period
and incubation time. (RT= Room temperature, CT= Cooling temperature,
FT= Freezing temperature )
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