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Cryopreservation Extenders Affect Calcium Flux in
Bovine Spermatozoa During a Temperature Challenge

YUYUAN ZHAO* AND MARY M. BUHR

From the Department of Animal and Poultry Science, University of Guelph, Guelph, Ontario, Canada.

ABSTRACT: Bovine spermatozoa are commercially cryopreserved
by diluting the cells in media, known as extenders, followed by slow
cooling and freezing. Previous work has shown that this process of
cryopreservation alters the cells’ ability to control divalent calcium
(Ca2 ) movement. This study evaluated the effect of a brief exposure
to common extenders on bovine spermatozoa during subsequent
cooling and rewarming. Three fresh ejaculates from each of three
bulls were each split and incubated for 30 minutes at 25#{176}Cin milk

extender or phosphate-buffered saline (PBS) (control); three other
fresh ejaculates from each of three bulls were similarly incubated in
egg yolk-Tris extender (EYT) or PBS. Spermatozoa were washed

and the fluorescent Ca2’ indicator, indo-1 acetoxymethyl ester, was
used to monitor the internal Ca2 in the spermatozoa in Ca2 -free
PBS over a continuous temperature gradient of 25#{176}C(15 minutes),
cooling to 5#{176}C(32 minutes), at 5#{176}C(15 minutes), rewarming to 25#{176}C
(25 minutes), and at 25#{176}C(15 minutes). Milk exposure reduced the
initial percentage of missing acrosomes and EVT exposure improved
the initial viability and acrosome morphology compared to the con-
trols; only milk immediately increased internal Ca2. The initial rate
of Ca2 uptake at 25#{176}Cwas greater for milk or EVT-exposed sper-

matozoa than controls (P < 0.05). During cooling, the rate of Ca2

uptake in all spermatozoa increased (P < 0.01), and it continued to
increase during the 15 minutes at 5#{176}C.During rewarming to 25#{176}C,
the internal Ca2 in all spermatozoa declined. The rate of decline of

Ca2’ in control exceeded that of EYT-exposed spermatozoa. Ad-
dition of 1 mM Ca2 during the final 25#{176}Cincubation caused internal
Ca2 to increase for 1 minute in all samples. The rate of increase in
the milk samples was greater than that of its control (P < 0.05).
There was no further change over the subsequent 35 minutes except
for an increase of free intracellular Ca2 in the EYT control sample.
The percentage of either viable or intact spermatozoa had decreased

in all samples at the end of the temperature gradient. The brief
exposure of spermatozoa to milk and egg yolk increased free intra-

cellular Ca2 in spermatozoa, perhaps initiating the early stages of
capacitation. Milk and EYT differed in their effect on Cas* flux; this
result may have implications for fertility.

Key words: Milk, egg yolk-Tris, indo-1 acetoxymethyl ester, cold
shock, warm shock, sperm morphology.
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ithough cryopreservation of spermatozoa is success-

ully used in the bovine industry, more cryopre-

served than fresh sperm are needed for successful insem-

ination (Berndtson and Pickett, 1978; Shannon, 1978) due
to reduced fertilizing ability. Cold shock and rewarming

are two stresses that affect structure and function of sper-
matozoa. The effects of cold shock might include loss of

membrane-selective permeability, change of membrane

fluidity (Mack and Zaneveld, 1987; Buhr et al, 1989; Can-

yin and Buhr, 1989), leakage of cellular components such

as phospholipids and proteins, disruption of metabolism,

irreversible loss of motility (Watson, 1981; Simpson et

al, 1986), and decreased fertilizing ability (Watson, 1981).

Cold shock causes severe damage to the acrosome (Han-
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cock, 1952; Jones and Martin, 1973; Simpson et al, 1986)

and mitochondria (Jones and Martin, 1973) and increased

uptake of divalent calcium (Ca2) by spermatozoa (Kar-

agiannidis, 1976; Simpson et al, 1986, 1987; Robertson

et al, 1988, 1990). Rewarming also damages spermatozoa

(DeAbreu et al, 1979) by loss of membrane integrity, de-

clining motility and leakage of ATP (Holt et al, 1992),

and acrosomal damage (Bamba and Cran, 1985, 1988).
Egg yolk-Tris (EYT) and whole milk are the two com-

mon extenders used to preserve semen for artificial in-

semination in cattle (Foote, 1984). Egg yolk has been

shown to protect sperm motility and viability (Phillips

and Lardy, 1940), to protect acrosomal and mitochondrial

membranes during slow cooling and storage (Jones and

Martin, 1973), to enhance the ability of spermatozoa to

penetrate zona-free hamster oocytes (Holmgren et al,

1989), to bind to human zona pellucida (Lanzendrofet

al, 1992), and to increase the in vitro fertilization (IVF)
rate of human oocytes (Katayama et al, 1989). It also

reduces the accumulation of calcium resulting from cold

shock or slow cooling (before 24-hour storage) (Robertson

and Watson, 1987).
Ca2 plays an important role in capacitation, hyper-
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activation, and the acrosome reaction (Yanagimachi and

Usui, 1974; Roldan and Fleming, 1989; Stock and Fraser,

1989; Fraser and McDermott, 1992). Bailey and Buhr

(1994) demonstrated a decrease in efficiency of intracel-

lular calcium control mechanisms in bovine spermatozoa

following cryopreservation and subsequently showed in

vivo fertility of cryopreserved bovine spermatozoa to be

correlated with free intracellular Ca2 (Bailey et al, 1994).

The semen used in that research was all processed in milk

extender. The current research was designed to determine

if the another common extender, egg yolk-Tris, would

affect sperm Ca2 regulation in a similar manner to milk

extender, particularly during the thermal challenge of

cooling and rewarming. Measurement of the exquisitely

balanced Ca2’ -regulation system could prove a more sen-

sitive measure of the relative impact of these extenders

on spermatozoa than the traditional tests of motility, vi-

ability by dye exclusion, and acrosomal integrity.

Materials and Methods

All steps were carried out at 25#{176}C,unless otherwise stated.

1. Milk Experiment

Spermatozoa Preparation-Three fresh ejaculates from each
of three bulls were collected and donated by United Breeders
Inc. (Guelph, Ontario, Canada). Milk was prepared according
to the procedures reported by Buhr and Thao (1992) (homoge-

nized whole milk was heated at 92#{176}Cfor 10 minutes, cooled,
and treated with 250 g/ml gentamycin, 50 g/ml tylocin tartrate,

150/300 g/ml lincomycin and spectincomycin; antibiotics were

purchased from Upjohn Company, Orangeville, Ontario, Can-

ada). Glycerol was not included because the normal protocol for
freezing in this extender adds glycerolated extender after the
semen has cooled to 5#{176}C.Semen was exposed (1:3 v/v) to either

calcium-free phosphate-buffered saline (PBS; 125 Mm NaCl, 8
mM Na2HPO4, 2 mM NaH2PO4, 5 mM KCI, 5 mM glucose,

pH 7.4; control) or milk for 30 minutes, then washed once through

35% Percoll and the resulting pellet twice through PBS (500 x

g, 10 minutes). Sperm concentration was measured with a cal-
ibrated spectrophotometer. Loading of the fluorophore into sper-
matozoa was according to the method of Bailey and Buhr (1994)

with minor modifications. Briefly, one aliquot of milk-exposed
and one aliquot of PBS-exposed spermatozoa (1 x lO sperml

ml) were incubated in PBS with 0.1% dimethylsulfoxide (DMSO),

0.02 5% pluronic F- 127, and 5 M indo- 1 acetoxymethyl ester
(indo- 1 AM, Molecular Probes Inc., Eugene, Oregon) in the dark.

Identical aliquots of milk and control spermatozoa were incu-

bated in PBS with 0.1% DMSO and 0.025% pluronic F-l27 for

30 minutes in the dark to provide a measure of background
fluorescence (blanks; no indo-l AM). All four samples were
washed in PBS (three times at 500 x g, 10 minutes) after in-

cubation and placed in quartz cuvettes at a final concentration

of 1 x 10 spermatozoalml.

Fluorescence Determination of Ca2’ -A dual-emission Al-

phascan spectrofluorometer (Photon Technologies International,

Brunswick, New Jersey) with a four-place thermostatted sample

chamber with magnetic stirring was used to measure fluorescence
emissions (photon counting) of the sperm samples. Excitation
wavelength was 355 nm, and emission wavelengths were set at
405 and 490 nm, which detected maximum intensity of Ca2-
bound and unbound indo- 1 AM, respectively.

Fluorescence emission from each sample was measured for 1
minute every 5 minutes at 1 point/lO seconds. During data

collection, the samples were subjected to a sequence of temper-
ature changes. Cuvettes were kept at 25#{176}Cfor 15 minutes (0-15
minutes), then cooled from 25#{176}Cto 5#{176}Cin 32 minutes (16-47

minutes). The cuvettes were kept at 5#{176}Cfor 15 minutes (48-62
mm), rewarmed from 5#{176}Cto 25#{176}Cin 25 minutes (63-87 minutes),

and kept at 25#{176}Cfor 15 minutes (88-102 minutes). The tem-

perature in the cuvettes was controlled by a circulating solution

of 60% ethylene glycol whose temperature was maintained by a
programmable temperature-controlled water bath (Bio Cool II,

FTS Systems Inc., Stoneridge, New York) fitted with a pump.
A pilot experiment measured the temperatures in the cuvettes

to achieve this regime.
A solution of CaCl2 (20 cl; final concentration, 1 mM) was

added into each cuvette at 103 minutes, and fluorescence emis-

sions were measured at 10 points/second for 1 minute. Emissions
were then measured at 1 pointi 10 seconds every 5 minutes for

40 minutes.

Microscopy-At the beginning (0 minutes) and the end (147

minutes) of reading fluorescence, samples were taken for eval-
uation of viability by eosin-nigrosin staining (Mortimer, 1985)

and acrosome morphology by differential interference contrast
(DIC) microscopy. A total of 100 spermatozoa were counted for

each measure. For acrosome morphology, spermatozoa were
classified as having intact, abnormal, or missing acrosomes.

Statistical Analyses-The microscopy data were subjected to
arcsin transformation. The relative free intracellular Ca2 was

calculated as before (Bailey and Buhr, 1994). Variance analysis
for the microscopy data and mean free intracellular Ca2’ during
the different temperature periods was done by the split-plot
method, and ejaculates within bulls served as the error term for

bull. To analyze the rate of Ca2 uptake by spermatozoa, linear

regressions were obtained for each bull and each ejaculate for
each of the temperature divisions. Then the split-plot method
was used to detect the difference of slopes (the rate) of Ca2’
uptake by spermatozoa among bulls, ejaculate, and treatments.

2 EYT Experiment

All procedures were identical to those in the milk experiment

except that EYT extender was substituted for milk. The two-
step preparation of EYT extender was basically according to the
method of Taylor (1991). Stock solution (166.32 ml double-
distilled water, 6.056 g Tris (hydroxymethyl aminomethane),

3.4 g citric acid, and 2.5 g fructose was prepared and sterilized
the day before use by boiling it in the top of a glass double boiler
for 15 minutes. The stock solution was stored at 4#{176}C.EYT ex-
tender (84 ml stock solution, 16 ml double-distilled water, 23
ml egg yolk, 50 ig/ml tylosin tartrate, 250 JLg/ml gentamicin,
150/300 g/ml lincospectin and spectincomycin; antibiotics were

purchased from Upjohn Company) was prepared on the day of
use. As with the milk extender, the EYT was glycerol-free.
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3. Determination of Fluorophore Response to
Temperature Gradient

To ensure that any detected changes in fluorescence were not

due to deterioration of the fluorophore, samples (n = 4) of 5 iM
indo- 1 AM, pentapotassium salt (Molecular Probes) in PBS were

subjected to the temperature regime used for spermatozoa, and
the fluorescence at 405 and 490 nm was recorded for 1 minute
every 5 minutes at 1 point! 10 seconds. Linear regression was
used to detect the rate of fluorescence change during the different

temperature periods, and these calculated slopes were used to
convert the corresponding linear slopes obtained for the different
temperature periods in the milk and the EYT experiments. These

corrected slopes were then analyzed as before for the effects of
bull, ejaculate, and treatment on rate of Ca2 uptake.

To ensure that fluorophore had not leaked out of the sperm
during the course of the temperature gradient, the total relative
amount of indo- 1 AM held within the cells was measured at the
beginning and the end of the temperature regime. If dye leaked
out of the cells during the course of the temperature gradient,
the amount of intracellular dye in sperm before the temperature

gradient would be greater than the amount of dye in sperm after
the temperature gradient. Samples from four ejaculates (n = 4)
were prepared as those in the milk experiment. To measure the

amount of indo- 1 AM, the fluorescence was first measured for
10 seconds (data collection rate of 10 points/second) and then
either Ca2 (final concentration, 1 mM) or Ca2 plus digitonin

(final concentration, 40.2 M) was added to indo- 1 AM-loaded
sperm and their blanks while continuing to determine fluores-
cence. Maximum fluorescence was obtained as the mean of flu-
orescence from 20 to 40 seconds after addition of Ca2 or Ca2

plus digitonin. The amount of indo- 1 AM that could be guar-

anteed to be intracellular was considered to be the difference
between the sperm fluorescence obtained in the first 10 seconds
and maximal fluorescence following the addition of digitonin,
using sperm receiving Ca2’ alone as controls for sperm receiving
Ca2 plus digitonin. All data were subjected to arcsin transfor-
mation. A two-by-two factorial design was used to test the main

effect of buffer and time, and interaction between buffer and time

using the transformed data.

Results

Microscopy

Indo-l AM exposure did not affect the viability or ac-
rosome morphology of spermatozoa in the milk and EYT

experiments (data not shown). Milk exposure did not af-
fect the viability or percent intact acrosomes, either at the

beginning or at the end of the experiment (Table 1), but

it did lower the initial percentage of sperm with missing
acrosomes. EYT exposure (Table 2) improved the initial
viability and acrosome morphology. As expected, viabil-

ity and the percentage of cells with intact acrosomes de-

creased from the beginning to the end of the experiment,

with neither treatment differing from controls.

Table 1. Microscopic parameters of milk-extended spermatozoa

(%)
Time Viability lA* AA* MA*

Milkt 0
End

60 ± 411
32±6

69 ± 611

8±3

5 ±
2±

111

1
23 ± 44:11

89±4

PBSt 0
End

57 ± 411

32±6
65 ± 411
11±4

5 ±

3±
1

1
30 ± 411

86±4

* IA- % of spermatozoa with intact acrosomes, AA % of spermatozoa
with abnormal acrosomes, and MA = % of spermatozoa with missing
acrosomes.

t Data are main effects; Milk and PBS represent milk-exposed and
PBS-exposed (control) samples.

4:Values differ from controls at that time, P < 0.01.
§Values differ between time 0 and the end, P < 0.05; #{182}P < 0.01.

Free Intracellular Ca2

The initial absolute values of free intracellular Ca2-’, cal-

culated by the methods and equation of Grynkiewicz et

al (1985) with the dissociation constant for indo-l AM

of 250 nM, were 128.9 ± 8.0 and 143.0 ± 6.1 nM for
spermatozoa exposed to PBS and milk, respectively, and
112.3 ± 10.6 and 127.2 ± 13.4 nM for spermatozoa

exposed to PBS and EYT, respectively. As indicated in
Figure 1, all cells took up Ca2 over time, and by the end

of the experiment (after addition of exogenous Ca2-’),
PBS- and milk-exposed sperm contained 668 ± 38.9 and

787.9 ± 42.7 nM Ca2-’, respectively, whereas PBS-/and

EYT-exposed sperm had 441.2 ± 40.4 and 557.4 ± 50.7

nM Ca2t
Mean free intracellular Ca2-’ differed among ejaculates

but not bulls in all treatments (P < 0.05). Milk-exposed
spermatozoa always had a higher mean free intracellular
Ca2 than controls (Fig. 1), whereas EYT-exposed sper-

matozoa differed from controls only after rewarming (Fig.
2).

Slopes indicate the rate of change of free intracellular

Ca2-’ over time, with a positive slope giving the rate of

Ca2-’ uptake and a negative slope giving the rate of loss
of free intracellular Ca2-’. These linear regression analyses

Table 2. Micros copic param eters of EYT-e xtended spermatozoa

(%)
Time Viability lA* AA* MA*

EYTt 0

End
62 ± 34:
24±3

77 ± 3*11

2±1
2 ± 011

1±0
21 ± 3*11

98±1

PBSt 0
End

57 ± 411

26±3
52 ± 411

3±2

2 ± 0
1±0

46 ± 511

96±1

#{176}IA % of spermatozoa with intact acrosomes, AA = % of sperma-
tozoa with abnormal acrosomes, and MA = % of spermatozoa with
missing acrosomes.

t Data are main effects; EVT and PBS represent EVT-exposed and
PBS-exposed (control) samples.

4:Values differ from controls at that time, P < 0.05; * P < 0.01.
#{182}Values differ between time 0 and the end, P < 0.01.
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FIG. 1. (Top) Mean free intracellular Ca’- levels (relative Ca”) ±
standard error (SE) in PBS- and milk-exposed spermatozoa at different
temperature periods. Within a treatment, bars with different superscripts
differ (P 0.05). #{176}Differsfrom PBS at that temperature, P < 0.05; #{176}#{176}P
<0.01.

FIG. 2. (Bottom) Mean free intracellular Ca’ levels (relative Ca#{176})±
SE in PBS- and EYT-exposed spermatozoa at different temperature
periods. Within a treatment, bars with different superscripts differ (P �

0.05). *Dffters from PBS at that temperature, P < 0.05; “P < 0.01.

found that bulls differed significantly in initial rates of

Ca2 uptake in the EYT experiment and after Ca2 ad-
dition in the milk experiment. The rate of Ca2 movement
differed among ejaculates from any one bull during some,

but not all, parts of the temperature regime for both EYT

and milk treatments. All treatment effects were detected

by analyses that include bull and ejaculate effects in the
analytical model. There were some changes in the inten-

sity of fluorescence of indo- 1 AM salt during cooling and
rewarming. Correcting sperm fluorescence for these innate

fluorescence changes did not alter interpretation of treat-

ment effects, but it did change absolute slope values, and

so the rates shown are for the adjusted sperm data. No

significant dye leakage occurred during the experiment,
indicated by no significant changes in digitonin-released

indo- 1 AM, comparing sperm at time 0 to sperm at the

end of the temperature regime.

During the initial incubation at 2 5#{176}C,both milk- and
EYT-exposed sperm took up C&-’ at a faster rate than

their controls (Figs. 3A, 4A). All control and treated sperm

showed similar significant rates of Ca2’ uptake during

cooling and at 5#{176}C(Figs. 3B,C, 4B,C) and then lost Ca2

during rewarming (Fig. 3D); EYT-exposed sperm lost Ca2

at a slower rate than controls (Fig. 4D). Both milk-exposed

and its control sperm continued to lose Ca2 during the
time at 25#{176}C,albeit at a much slower rate (Fig. 3E), but

EYT and its control maintained steady internal Ca2’ con-

centrations at this time (Fig. 4E). Both controls and treat-

ed sperm responded to Ca2-’ addition with immediate

rapid rates of uptake (Figs. 3F, 4F); milk-exposed sperm

had a significantly higher rate than their control. In the
40 minutes after addition of Ca2’, all sperm except those

exposed to milk continued to take up Ca2-’ at a low, but
significant, rate (data not shown).

Discussion

Divalent calcium plays important roles in capacitation,

hyperactivation, and the acrosome reaction (AR) that are

essential for sperm fertilization. Cold shock and cryopre-

servation change the ability of spermatozoa to regulate

Ca2 (Robertson and Watson, 1986; Bailey and Buhr,
1994). This study documents that cooling and rewarming
changed the Ca2-regulating ability of spermatozoa sig-
nificantly, and a short exposure of spermatozoa to milk

or EYT extenders provided little protection to subsequent
Ca2 -regulating ability.

Cooling the untreated control sperm damaged Ca2 reg-

ulation in a partially reversible manner, just as rewarmed

plasma membranes reversed the lateral phase separations

induced by cooling (de Leeuw et al, 1990, 1991). Available

intracellular Ca2-’ increased during cooling but declined

during rewarming and stabilized when the temperature
was once again held at 25#{176}C.This reversibility and re-

stabilization suggests that the sperm are still capable of
regulating Ca2-’. Bull sperm held continuously at 25#{176}Cfirst

took up Ca2-’ quickly and then more slowly (Bailey and
Buhr, 1994). The current control sperm similarly took up
Ca2 quickly at the initial 25#{176}C,and more slowly at the

later 25#{176}C,further supporting the argument that the reg-

ulatory ability had been retained or regained. This resil-
ience to thermal stress may have been enhanced during

the 3-hour preparation time, because incubation is known

to increase thermal resistance in porcine spermatozoa
(Robertson et al, 1988). However, sperm Ca2-’ regulation
did not escape unscathed from thermal shock, because

the total intracellular Ca2 after rewarming was higher
than initial intracellular levels. Extenders exacerbated this
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Secs Post-Ca2 (25#{176}c)

FIG. 3. Change of relative free intracellular Ca’ of ejaculated bovine
spermatozoa previously exposed to either milk extender (Milk) or Ca2*
free PBS over the indicated sequential temperature gradient. *Slope
differs from 0, P < 0.05; ** < #{149}SIopediffers from control (PBS),

P < 0.05; #{149}UP< 0.01.

accumulation. The effect of extenders was not detected in

the viability or acrosome morphology data, suggesting

that Ca2-’ regulation is a more sensitive indicator of sper-

matozoa! function. Bailey and Buhr (1994) found that

cryopreservation in milk extender increased spermatozoa!
intracellular Ca2-’, and Bailey et al, (1994) found that in

vivo fertility was significantly better when spermatozoa!

Ca2 regulation following freezing most closely resembled

the pre-freeze characteristics. Both extenders tested here
increased intracellular Ca2’ in the brief exposure time,

even though they contain different amounts and types of

lipids, proteins, carbohydrates, and minerals that might

affect Ca2-’ regulation in spermatozoa.

During the initial 15 minutes at 25#{176}C,milk exposure
increased free intracellular Ca2-’ and increased the rate of

Ca2 uptake, whereas EYT exposure also increased the
rate of Ca2-’ uptake but had no effect on the mean free

intracellular Ca2’ in spermatozoa during this period. These

increases support the contention that milk leaves a rather

tightly bound reservoir of Ca2-’ in and around sperma-

tozoa (Buhr and Zhao, 1992) and suggest that EYT-egg

yolk may provide a similar, but less available, pool. The

-PBS 1.6

EYT
1.4

4’7 Mi,,

25#{176}C 28-#{176}19---12 -- 5 ‘C

D

102 Mm 10 60

25 C 5.cs Post-Ca 2+ (25 ‘C)

FIG. 4. Change of relative free intracellular Ca’ of ejaculated bovine
spermatozoa previously exposed to either EVT or Ca2*free PBS over
the indicated sequential temperature gradient. *Slope differs from 0, P <

0.05; #{149}P< 0.01. .Slope differs from control (PBS), P < 0.05; UUP <

0.01.

enhancement of Ca2-’ permeability is one of the important

characteristics of capacitation (Singh et al, 1978) and could

be a useful indicator to verify the occurrence of capaci-

tation (Coronel and Lardy, 1987). Therefore, the greater

rate of Ca2-’ uptake in milk- and EYT-exposed sperma-

tozoa than in controls may indicate enhanced capacitation

due to exposure to extenders. Milk exposure had a stron-
ger effect on Ca2-’ uptake than the EYT exposure. An early

capacitation may be detrimental because capacitated sper-

matozoa were found to be less able to reach the oviduct

than uncapacitated spermatozoa after artificial insemi-

nation into the uterus (Shalgi et a!, 1992). This early ca-

pacitation may also shorten the fertilizing life of sper-

matozoa. Many somatic cells accumulate Ca2-’ prior to

death, and acrosome-reacted sperm will soon die if they

do not fertilize. It is quite reasonable to see capacitation
and the acrosome reaction as specialized, highly regulated,

events in spermatozoa! breakdown. The difference in mean

free intracellular Ca2-’ in PBS-exposed samples between

the milk and the EYT experiment may be due to differ-
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ences between bulls and/or ejaculates, because different

bulls were used in the two experiments.

The increase of free intracellular Ca2’ in spermatozoa

during cooling and at 5#{176}C,and the decrease during re-
warming was observed regardless of extenders. The data
with indo-l AM salt showed a decline of the ratio of 405

nm to 490 nm, that is, the opposite effect, and there was

no dye leakage after cooling and rewarming. Therefore,

the change in spermatozoa Ca2’ was not due to a change
in dye affinity or to dye leakage. Robertson and Watson

(1986) showed that fast cooling caused a greater increase

in intracellular Ca2 than slow cooling and removed the

ability of spermatozoa to restore free intracellular Ca2-’

regulation upon rewarming. In this study, the brief ex-

posure to milk or EYT extender neither prevented nor
slowed the chilling-induced uptake of free intracellular
Ca2’. Some protecting components of the extenders, par-

ticularly EYT, may have been lost during preparation

(Quinn et al, 1980), because phospholipids are loosely

associated with sperm membrane (Quinn et al, 1980;
Simpson et a!, 1987), but clearly sufficient components

remained to influence Ca2’ uptake at subsequent periods.
During rewarming, the rate of uptake of free intracel-

lular Ca2-’ in the EYT-exposed spermatozoa was lower

than that of controls, perhaps reflecting either a difference

in the recovery of the Ca2 pump or warm shock. Re-

warming of semen caused loss of membrane integrity (Holt

et al, 1992) and acrosomal damage (Bamba and Cran,

1985, 1988). Temperature-induced changes in fluidity,

phase transition, and Ca2-’ pumps have all been consid-

ered as potential contributors to loss of the ability of

spermatozoa to regulate free intracellular Ca2’ (Robertson

and Watson, 1986; Buhr et a!, 1989; Canvin and Buhr,
1989). Membrane ion pumps are particularly sensitive to
lipid-phase transition (Holt and North, 1986). The change

of the free intracellular Ca2-’ during cooling and rewarm-
ing may reflect altered activity of ATPase, which may

affect the free intracellular Ca2t

The increasing rate of Ca2-’ uptake in all samples upon

addition of exogenous Ca2-’ in this study is consistent with
the uptake of exogenous Ca2-’ reported by Buhr and Zhao
(1992) and Bailey and Buhr (1994). The rapid rise of free
intracellular Ca2-’ in spermatozoa and the high percentage

of missing acrosomes at the end of the experiment may

indicate that the spermatozoa had undergone true or false

acrosome reactions. The incubation and centrifugation

might induce capacitation, and the addition of Ca2-’ then

triggers the AR or damages spermatozoa. Washing sper-
matozoa through a Percoll gradient can hasten capacita-

tion of spermatozoa, possibly by removing adsorbed pro-

tein (Berger and Parker, 1989) or removing a surface-

associated inhibitory factor (Fraser, 1984, 1990). Ca2-’ is

present in the millimolar range in bovine female repro-

ductive tract fluids (Grippo et a!, 1992). Ca2-’ increased

the percentage of spermatozoa that capacitated and hy-
peractivated (Suarez et al, 1983, 1984; Cooper, 1984;

Courtens et a!, 1989; Fraser and McDermott, 1992; Olds-

Clarke and Sego, 1992) and initiated the AR ofcapacitated
spermatozoa (Yanagimachi and Usui, 1974; Singh et al,
1978; Hype and Garbers, 1981; Fraser and McDermott,
1992; Olds-Clarke and Sego, 1992). Bielfeld et a! (1990)

also reported that the removal of egg yolk after incubation

at 5#{176}C,as well as the temperature shock, contributed to

enhancement of capacitation and the AR of human sper-
matozoa. An early AR may be undesirable because an

AR before spermatozoa contact unfertilized eggs renders
spermatozoa incapable of binding to the zona pellucida

(Saling et al, 1979; Huang et al, 1981; Crozet, 1984; Was-

sarman, 1987). The low viability and high percentage of

spermatozoa with missing acrosomes at the end of the

experiment confirmed the harmful effects of rapid tem-
perature changes. Perhaps spermatozoa in which the AR
has already occurred have a short life; spermatozoa via-

bility wanes soon after the AR (Fleming and Yanagima-

chi, 1982; Bedford, 1983).

This study has shown that brief exposure to milk or
EYT extenders immediately improved spermatozoal vi-

ability and/or acrosome morphology and affected subse-

quent Ca2-’ movement, perhaps by exchanging compo-

nents between extender and sperm membrane or by sup-
plying nutrients to spermatozoa. Milk and EYT extenders

are both commonly used in the bovine industry, but the

complexity of their protective mechanisms and the lack
ofavailable parameters that fully represent fertilizing abil-

ity of spermatozoa make it difficult to tell which extender

is superior. Various studies have found EYT to be better
(Senger et al, 1983; Garner et al, 1988), worse (Karabinus

et al, 1991; Richardson et a!, 1992; Barisic et al, 1994),
or equal (Almquist et al, 1954; Foote and Arriola, 1987)

to milk extender in protecting sperm quality. Milk- and
egg yolk-based extenders differ markedly in their chemical

composition, including the types and amounts of lipid,

sugar, and buffering agents present. These may result in
differential protection for different sperm structures and

different membrane domains. Clearly even brief exposure

to these substances affects sperm control of critically im-

portant intracellular Ca2 stores, in a manner reminiscent
of one recently shown to be deleterious to fertility (Bailey

et al, 1994). Understanding the mechanism(s) by which

extenders function may permit improvement of the fer-

tilizing ability of cryopreserved bull spermatozoa, and it

is the subject of ongoing work.
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