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Summary. Ram spermatozoa were subjected to cold shock before fixation in
pyroantimonate\p=n-\osmium.Ultrathin sections revealed an electron-dense particulate
precipitate in association with the cells. The precipitate was shown to be related to the
presence of calcium by exposure of the material to EGTA which reduced or completely
eliminated the deposits.

In the acrosome region, very little precipitate was evident when the plasma mem-
brane was intact. Cold shock resulted in the disruption of the plasma membrane. When
the acrosome remained intact, precipitate was concentrated just anterior to the
equatorial segment, but many cells also had acrosomal disruption and then a more
even distribution of precipitate was seen on the outer acrosomal membrane. Precipitate
was rarely visible within or beneath the acrosome. Post-acrosomally, calcium pyro-
antimonate deposits were frequently present in the dense lamina beneath the plasma
membrane and these became more intense after cold shock.

Midpiece sections revealed a few large granules beneath the plasma membrane and
a fine particulate precipitate within mitochondria. Similarly, the fine precipitate was
also associated with the outer dense fibres in midpieces and tails. Cold shock did not
apparently increase the extent or intensity of precipitates in these sites.

Introduction

In recent years it has become apparent that, as in other cells, calcium ions in spermatozoa play an

important role, e.g. they influence motility (Nelson, Gardner & Young, 1982) and are involved in
the acrosome reaction (Yanagimachi & Usui, 1974; Shams-Borhan & Harrison, 1981). As part of a
wider study of the cooling of spermatozoa, the effects of cold treatments on calcium movements
(Watson, 1981) are important because alterations in intracellular calcium may interfere with
normal function. We have investigated intracellular calcium binding sites in cold-shocked sperm¬
atozoa because the latter are known to accumulate calcium (Quinn & White, 1966; Hood, Foley &
Martin, 1970; Nelson et al, 1982).

One technique for identifying sites of calcium accumulation in bovine spermatozoa is a modi¬
fied Gomori procedure in which calcium phosphate is formed at calcium binding sites and then
visualized by replacement with cobalt sulphide (Nelson et al, 1982). A limitation of this technique
is the necessity for several complex steps in the procedure. Moreover, the initial requirement to
dilute and to wash spermatozoa may have altered the intracellular calcium content (L. Robertson
& P. F. Watson, unpublished results).

The pyroantimonate technique was first used to demonstrate the presence of sodium ions
(Komnick, 1962) but it has since been shown that pyroantimonate forms complexes with other
cations. In their review of the technique, Wick & Hepler (1982) noted that when X-ray
microanalysis was also used after pyroantimonate, calcium was either the only cellular cation
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associated with precipitates (13 references cited) or the major cationic component (6 references
cited). The pyroantimonate technique has been widely used for studying calcium distribution in
many tissues (see Wick & Hepler, 1982) and, in particular, human spermatozoa (Chandler &
Battersby, 1976), guinea-pig spermatozoa (Friend, 1977), hamster testis (Gravis, 1979) and hamster
ovarian tissue (Weakley, 1979). The precipitation of pyroantimonate with calcium has been con¬
firmed by (1) X-ray microanalysis (e.g. Saetersdal, Myklebust, Justesen & Olsen, 1974; Chandler
& Battersby, 1976; Weakley, 1979; O'Brien & Baumrucker, 1980; Salisbury, 1982), (2) use of the
calcium-chelating agent, ethyleneglycol te(aminoethylether)tetra-acetic acid (EGTA), before
(Legato & Langer, 1969; Klein, Horton & Thureson-Klein, 1970; Klein, Yen & Thureson-Klein,
1972; Weakley, 1979) or after (Weakley, 1979; Kashiwa & Thiersch, 1984) fixation, or (3) floating
sectioned material on an EGTA solution (Salisbury, 1982). Wick & Hepler (1982) noted that
EGTA requires the addition of a strong base to reach a pH range in which it can effectively chelate
divalent ions, and indicate that potassium hydroxide must be used because sodium may otherwise
displace calcium in the precipitate.

The pyroantimonate technique seemed potentially capable of demonstrating the presence of
intracellular calcium ions in a variety of sites in spermatozoa. It had the particular appeal of requir¬
ing no extra stages apart from the addition of pyroantimonate to the fixation medium. In our

development of the technique we have achieved good localization of the precipitate enabling us to
obtain information on the accumulation of calcium after cold shock.

Materials and Methods

Fixatives

Pyroantimonate-osmium. Users of the technique appear to make up this fixative in slightly
different ways. We settled on a method that consistently gave a final mixed solution at the required
pH that did not precipitate out during use. Potassium pyroantimonate (TAAB Laboratories Ltd,
Reading, U.K.), 4g, was dissolved in 100 ml 0-015 M-acetic acid by constant stirring using a

magnetic stirrer on a hotplate heated to ~ 90°C; the solution was allowed to cool, filtered and
then made up to 100 ml with distilled water. Osmium tetroxide (2%, TAAB Laboratories Ltd)
was mixed 1:1 (v/v) with the prepared pyroantimonate solution to give the final fixative,
pyroantimonate-osmium, containing 2% pyroantimonate and 1 % osmium, the pH being adjusted
to 7-4 with acetic acid.

Osmium tetroxide. Osmium solution from the same ampoule (2%, TAAB) was diluted 1:1 (v/v)
with distilled water and the pH adjusted to 7-4 with KOH.

Both fixatives were made up at 17:00 h, kept at 4°C overnight, warmed to 24°C the next

morning (09:30 h) and used immediately.

Preparation ofsemen

Semen was collected by artificial vagina from any 2 of 6 Finnish Landrace rams and pooled.
Three portions (008 ml) were added to 2 ml samples of the pyroantimonate-osmium fixative and
left for 20 min at 24°C. The fixative was removed by gentle centrifugation (400 g) for 10 min and the
supernatant was pipetted off leaving 0-3 ml. One portion was designated 'undiluted semen' control
and immediately formed into a pellet as described below. The other portions were resuspended in
2 ml of either 10 mM-EGTA solution or lOmM-potassium chloride solution (both adjusted to

pH 7-4 with KOH) for 2 h. After that period the samples were centrifuged (400 g for 10 min) and
the supernatant removed to leave 0-3 ml.

To study the movement of calcium ions in spermatozoa in response to cold shock, the semen

was diluted 1:1 (v/v) in a phosphate-buffered saline (145mM-NaCl, lOmM-phosphate buffer,
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pH70) containing 0-3mM-CaCl2. Samples were then subjected to cold shock by immersing the
tube (containing 0-5 ml diluted semen) in ice water at 0°C for 5 min before warming and incubating
at 24°C for 1 h. Control samples were incubated at 24°C for the same period. Subsamples (0-16 ml)
were transferred to pyroantimonate-osmium (2 ml) or to osmium alone (2 ml) for 20 min at 24°C.
Subsequent treatment was as for undiluted semen.

The cells of all treatments were finally resuspended in the 0-3 ml volumes, transferred to 400 µ 
polyethylene microcentrifuge tubes and centrifuged at 1500 g for 30 min to form pellets. After
centrifugation, the fixative was removed with a Pasteur pipette.

Preparationfor electron microscopy
The tissue was dehydrated through methanol to propylene oxide in 10-min stages and

embedded in resin (TAAB Embedding Resin). Silver-gold ultrathin sections were left unstained or
were lightly stained (6 min in uranyl acetate followed by 4 min in lead citrate) before examination in
a JEOL 1200EX electron microscope.

Some grids from calcium-loaded treatments were immersed in lOmM-EGTA solution or in
10 mM-KCl solution at 36°C for 1 h before examination in the electron microscope.

Results

The head

The majority of ram spermatozoa from undiluted or from diluted semen supplemented with
0-3 mM-CaCl2 that had been fixed in pyroantimonate-osmium had intact plasma membranes
together with undamaged acrosomes and nuclei. However, the plasma membrane had separated
from the underlying structure, the separation being most apparent over the region of the acrosome.

Very little precipitate was seen in the anterior region of the head; indeed, it was rare to see any
granules of precipitated pyroantimonate in this region in the undiluted sample although occasion¬
ally a few granules were observed adhering to the outer acrosomal membranes in spermatozoa
from the diluted semen (small arrows, PI. 1, Fig. 1). Granules of precipitate were apparent in the
post-acrosomal dense lamina (open arrow, PI. 1, Fig. 1). All the micrographs presented (except PI.
3, Fig. 13) are of stained material since, although the precipitate was readily visible in unstained
material, the membranes were less easily discerned.

A small proportion of spermatozoa from undiluted and diluted semen showed some signs of
damage in that the plasma membrane was lost but the acrosomes remained intact. In these cells
granules of precipitate were much more apparent especially over the surface of the apical and
principal segments of the acrosome and a higher concentration was seen just anterior to the
equatorial region (curved arrows, PI. 1, Fig. 2). The precipitate in the post-acrosomal dense lamina
ranged from an amount equivalent to that seen in intact spermatozoa to much heavier deposit. At
lower magnification, the precipitate can be seen in the post-acrosomal dense laminae of sectioned
heads (open arrow, PI. 2, Fig. 6) together with some pyroantimonate precipitate in the external
medium (large arrow, PI. 2, Fig. 6).

When the spermatozoa had been cold-shocked, there was considerable evidence of damage, the
majority of cells having lost the plasma membrane and most of these also having damaged acro¬
somes. The amount of pyroantimonate precipitate was increased and could readily be seen at low
magnification (open arrow, PI. 2, Fig. 7). At higher magnification, cells with undamaged acrosomes

clearly showed a more marked concentration of precipitate both in the post-acrosomal dense
lamina and in the region just anterior to the equatorial segment (PI. 1, Fig. 3). Those cold-
shocked spermatozoa with more extensive damage had swollen acrosomes in which dissipation of
the contents had occurred; additionally, there were occasionally membrane-bound vesicles within
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the acrosome (PI. 1, Figs 4 & 5). In these latter cells, the pyroantimonate precipitate was more

evenly spread over the length of the outer acrosomal membrane of the apical and principal
segments (small arrows, PI. 1, Figs 4 & 5). Granules of precipitate were very rarely seen on the
membrane of the equatorial segment and no precipitate was observed within the acrosome. Some
spermatozoa showed extensive separation of the post-acrosomal dense lamina from the underlying
structure (PI. 1, Fig. 5).

Midpiece and tail
The midpieces of spermatozoa from undiluted and diluted semen had mitochondria containing

a fine particulate precipitate. A precipitate of similar particle size was also found in association with
thè outer dense fibres (small arrows, PI. 2, Fig. 8); this association was continued along the length of
the tail.

PLATE 1
Sagittal sections through the heads of control (Figs 1 & 2) and cold-shocked (Figs 3-5) ram

spermatozoa. All sections are from diluted semen and have been lightly stained with uranyl
acetate and lead citrate,  26 000.

Fig. 1. Control spermatozoon showing plasma membrane intact, but well separated from
underlying structures indicating poor fixation. Little precipitate is visible in the anterior region
although a few granules can be seen adhering to the outer acrosomal membrane (small arrows).
Precipitate can also be seen in the post-acrosomal dense lamina (open arrow).
Fig. 2. Spermatozoon in which the plasma membrane has been lost but the acrosome remains
intact. Note granules of precipitate "over the outer acrosomal membrane and their higher con¬
centration in a region (curved arrows) just anterior to the equatorial segment. Granules can
also be seen in the post-acrosomal dense lamina (open arrow).
Fig. 3. Cold-shocked spermatozoon without plasma membrane but with intact acrosome. The
precipitate in the region just anterior to the equatorial segment (curved arrows) is more con¬
centrated than in Fig. 2. Note the very heavy precipitate in the post-acrosomal dense lamina
(open arrow).
Fig. 4. Cold-shocked cell with damaged acrosome. The outer acrosome membrane has broken
dispersing the contents. A few vesicles (v) are present within the acrosome and the precipitate
is more evenly spread over its surface (small arrows). Note the heavy dense precipitate in the
post-acrosomal dense lamina.

Fig. 5. Similar to Fig. 4 but with extensive separation of the post-acrosomal dense lamina.

PLATE 2

Figs 6 & 7. Low magnification micrographs from control (Fig. 6) and cold-shocked (Fig. 7)
spermatozoa showing precipitate in the post-acrosomal dense lamina (open arrows) and in the
external medium (large arrow). Note in Fig. 7 the obvious increase in precipitate in the post-
acrosomal dense lamina: all spermatozoa shown have lost the plasma membranes, one or two
have intact acrosomes but the majority show dispersion of acrosomal contents. Most midpiece
and tail profiles lack precipitate but occasionally a few intramitochondrial granules are seen

(arrow head). Lightly stained sections,  5000.

Figs 8 & 9. Longitudinal section through the midpiece (Fig. 8) and transverse sections through
midpieces and tails (Fig. 9) of control spermatozoa. A few granules can be seen underlying the
plasma membrane (medium arrows) but not within mitochondria. Fine granules are visible in
association with the outer dense fibres (small arrows). Lightly stained sections,  26 000.

Fig. 10. Transverse section through midpiece of cold-shocked spermatozoon. Larger granules
are present underlying the plasma membrane and also (unusually) within the mitochondria
(arrow head). Lightly stained section,  26 000.
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Granules of a size similar to that of granules seen in the head region were rarer and were found
in association with and underlying the plasma membrane in the midpiece and in the tail (medium
arrows, PI. 2, Figs 8 & 9). Granules of this size were very rarely observed within the mitochondria.

The plasma membrane overlying the midpiece and tail of cold-shocked spermatozoa was

usually present but often damaged: the mitochondria appeared little affected, although a few
showed some reduction in the density of their contents. There appeared to be no great increase in
the amount of precipitate present in either midpiece or tail. However, occasionally a region was

seen in which an intramitochondrial precipitate was clearly visible (arrow head, PI. 2, Fig. 10).

Method controls

When pyroantimonate-osmium was used as the fixative, dense granules of precipitate were

clearly visible, particularly in damaged cold-shocked cells in the post-acrosomal dense lamina and
over the outer acrosomal membrane; for this reason, all the method control illustrations (PI. 3) are

from such damaged cells. Spermatozoa fixed in osmium alone without pyroantimonate showed no
granular precipitate (PI. 3, Fig. 11). In addition, the cells were very poorly fixed as shown by the
ruffling of the acrosome, suggesting that the pyroantimonate also had a small stabilizing effect on

the membranes (see PI. 1, Fig. 2).
To determine the nature of the pyroantimonate precipitate, some of the cold-shocked material

was exposed to the divalent chelating agent, EGTA. One sample was treated with 10 mM-EGTA for
2 h after fixation but before further processing; the spermatozoa had no visible granular precipitate
(PI. 3, Fig. 12). Some unstained grids from the cold-shocked material with heavy precipitates were

immersed in 10 mM-EGTA at 36°C for 1 h, and virtually no precipitate remained (PI. 3, Fig. 13); the
absence of stain ensured an unequivocal result but note the poor membrane definition. In a few
grids the same sections were examined both before and after immersion in EGTA. In this case,
although most of the heavy precipitate of the post-acrosomal dense lamina (open arrow, PI. 3, Fig.
14) and much of the large granular precipitate in the external medium (large arrow, PI. 3, Fig. 14)
had been removed (PI. 3, Fig. 15), the finer granular precipitate on the outer acrosomal membrane
was still present (small arrows, PI. 3, Figs 14 & 15). If these grids were replaced in EGTA for
another 2 h most of this latter precipitate was removed. To demonstrate that the precipitate was not
simply dissolving in the fluid, other grids were immersed in 10 mM-KCl for 1 h, or even for 4 h, with
no loss of precipitate.

PLATE 3

Method controls. Sagittal sections of heads of cold-shocked ram spermatozoa whose plasma
membranes have been lost. All sections lightly stained except Fig. 13.  26 000.

Fig. 11. Fixation in osmium alone shows complete absence of precipitate. Note ruffling of
acrosome indicating poor fixation.

Fig. 12. Cells exposed to 10 mM-EGTA for 2 h after fixation in pyroantimonate-osmium. Note
that the precipitate is completely removed (compare with PI. 1, Fig. 3).
Fig. 13. Grid immersed in 10 mM-EGTA for 1 h at 36°C; the precipitate is removed. Unstained
section illustrating poorly defined membranes.

Figs 14 & 15. The same sperm head before (Fig. 14) and after (Fig. 15) immersion of the grid in
10 mM-EGTA. Note in Fig. 14 the dense precipitate in the post-acrosomal dense lamina (open
arrow), the granules spread over the outer acrosomal membrane (small arrows) and the precipi¬
tate in the external medium (large arrow). In Fig. 15 it can be seen that the precipitate has been
virtually removed from the post-arosomal dense lamina (open arrow) and from the external
medium (large arrow) but granules are still present on the outer acrosomal membrane (small
arrows).
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Discussion

The precipitation of calcium ions with potassium pyroantimonate by the method outlined here
gave a discrete electron-dense deposit with a relatively small particle size permitting good local¬
ization in relation to the sperm cell membranes. Chandler & Battersby (1976) incubated human
spermatozoa for 30 min and their micrographs show relatively large particles. In contrast, our

technique, which includes a slightly shorter incubation time, has resulted in smaller particles that
are readily localized. Nevertheless, it is clear from PI. 1, Fig. 1 that this fixation is far from ideal.
The plasma membrane has 'ballooned' due to osmotic forces set up by the low osmolality of the
fixative. Attempts to overcome this by adding various buffer salts or sucrose or by prefixation
have resulted in no improvement in fixation or in reduction (with no change in distribution) or in
complete absence of pyroantimonate precipitate. Work on this problem is still in progress.

The precipitation of pyroantimonate by other ions (Klein et al, 1972) and by histones and
glycogen (Clark & Ackerman, 1971) is a potential hazard with this method. Fixation was carried
out at pH 7-4 to maintain the solubility of potassium pyroantimonate (Kashiwa & Thiersch, 1984)
and to prevent the formation of non-specific precipitates (Klein et al, 1972). In addition, EGTA
was used to verify the specificity of the pyroantimonate deposits seen within the cells, since many
studies have demonstrated that the calcium chelators, EDTA and EGTA, caused loss or diminu¬
tion of pyroantimonate deposits which had been shown by X-ray microanalysis to contain calcium
(9 references cited by Wick & Hepler, 1982). When spermatozoa were resuspended in an EGTA
solution after fixation in pyroantimonate-osmium (Weakley, 1979) no precipitate was visible (PI. 3,
Fig. 12). Thin sections of resin-embedded spermatozoa were immersed in EGTA solution and,
again, pyroantimonate precipitate was removed (PI. 3, Figs 13 & 15). The demonstration of the
effect of EGTA on the same cell, necessitating exposure of the cell to heating by electron bombard¬
ment before treatment, suggested that the quality of calcium binding might vary between sites
(PI. 3, Figs 14 & 15). Whereas the precipitate was readily removed from the post-acrosomal dense
lamina, it could not easily be removed from acrosomal sites. However, this differential removal was

only apparent after exposure to electrons (see PI. 3, Fig. 13).
In the acrosomal region of the spermatozoa, three patterns of distribution of precipitate were

observed. Firstly, when the plasma membrane was intact, very little precipitate was seen intra-
cellularly. Indeed, granules of precipitate were only visible in this region when the cells were

exposed to an extracellular fluid supplemented with 0-3mM-calcium which is within the physio¬
logical range for free extracellular calcium (Tash & Means, 1983). However, it has been found that
dilution itself can alter the calcium permeability of spermatozoa (L. Robertson & P. F. Watson,
unpublished results) and the presence of precipitate under these conditions may be a response to the
dilution rather than to extracellular supplementation.

Once the plasma membrane barrier was broken, deposits of pyroantimonate were detected on

the outer acrosomal membrane but not within the acrosomes. In the second distribution pattern, a

heavy deposit was generally concentrated in a narrow posterior region of the principal segment of
the acrosome (curved arrows, PI. 1, Figs 2 & 3). Cold shock greatly increased the numbers of
spermatozoa showing this second type of distribution, but the third pattern predominated. In this
last group, the cells displayed an expanded acrosome and the damaged outer acrosomal membrane
had pyroantimonate precipitate distributed more evenly over its surface (PI. 1, Figs 4 & 5). It is
possible that, since the last two types of distribution were consistently seen after cold shock, they
represent two different sub-populations of cells, one of which is more resistant to cold shock stress
(Choong & Wales, 1962). However, since calcium is known to be intimately involved in the acro¬
some reaction (Yanagimachi & Usui, 1974; Shams-Borhan & Harrison, 1981), a membrane fusion
and acrosome expansion event, a more likely suggestion is that the difference represents stages in
the process of acrosomal modification. In the acrosomal region of the spermatozoa, therefore, the
distribution of precipitate appears to be linked with stages of membrane damage rather than to be
attributable to any direct influence of cola per se. Roomans (1975), measuring membrane thickness
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changes in the presence of calcium, concluded that calcium binding sites were restricted to the outer
acrosomal membrane of the principle segment and were not present on the inner acrosomal mem¬

brane or the equatorial segment. Similarly, in our studies no calcium precipitate was present in
association with the inner acrosomal membrane and the equatorial segment was virtually devoid
of precipitate. It may be significant that the equatorial segment does not become involved in the
acrosome reaction.

Discrete accumulations of 'cation-pyroantimonate' deposit were demonstrated in certain
locations on the outer acrosomal membrane, anterior to the nucleus, of guinea-pig spermatozoa
(Friend, 1977). Notwithstanding the major differences in acrosomal architecture between ram and
guinea-pig spermatozoa, it is possible that the accumulations in the latter correspond with those we

have demonstrated in ram spermatozoa. Friend (1977) suggested that the acrosome reaction might
be initiated at these sites.

Chandler & Battersby (1976) published micrographs of human spermatozoa showing large
granular precipitates of pyroantimonate. Amongst other sites, the precipitate was found "clinging
to the extracellular surface" of the sperm head and around the outside of the nuclear membrane.
The plasma membranes were not clearly visible but no comment was made concerning their loss. In
our experience, a light uranium-lead staining was necessary to delimit membranes (see PI. 3, Fig.
13), this being essential when the precise localization of precipitate was required. In ram

spermatozoa very little precipitate was evident on the outer surface of the plasma membrane, but
the distribution of precipitate on the extracellular surface of spermatozoa which had lost their
plasma membranes was remarkably similar to that demonstrated by Chandler & Battersby (1976).

The region of the post-acrosomal dense lamina of ram spermatozoa contained more calcium
precipitate than elsewhere in intact spermatozoa, and accumulated further precipitate during cold
shock. The location was always in close association with the overlying plasma membrane. The sig¬
nificance of calcium in this site is not apparent but it is this region of the plasma membrane that
initially fuses with the vitelline membrane (Yanagimachi 8c Noda, 1970; Bedford, 1972). In contrast
to hamster (Gravis, 1979) and to ram spermatozoa, both human (Chandler & Battersby, 1976) and
guinea-pig (Friend, 1977) spermatozoa appeared to have no aggregation of precipitate in the post-
acrosomal region which might indicate cytochemical differences between the species. Also, ram

spermatozoa had no precipitate beneath the acrosome, unlike human (Chandler & Battersby, 1976)
and hamster (Gravis, 1979) sperm cells, which might reflect differences in penetration by pyro¬
antimonate. This seems unlikely since it has been suggested that, when pyroantimonate is used with
osmium fixation, its penetration rate is "adequate to preserve 'normal' cation distribution"
(Simson & Spicer, 1975). Comparative studies using an identical technique would be required to

clarify the differences.
In the midpiece and tail regions, large granules of precipitate were sparsely distributed extra-

mitochondrially beneath the plasma membrane (medium arrows, PI. 2, Figs 8 & 9). In human
spermatozoa, however, large granules were found within mitochondria, as well as occasionally in
the tails (Chandler & Battersby, 1976). Calcium-binding sites have been demonstrated in these
locations in bull spermatozoa but the most intense aggregation of electron-dense marker was seen

outside mitochondria after hypotonie disruption of the plasma membrane (Nelson et al, 1982).
Within the mitochondria of ram spermatozoa only a fine precipitate was evident; human
spermatozoa also exhibited this type of precipitate in addition to the larger particles mentioned
above (Chandler & Battersby, 1976).

In cold-shocked ram spermatozoa there was no apparent increase in calcium precipitate either
within or outside mitochondria, despite evidence of plasma membrane damage. The lack of change
in the fine intramitochondrial precipitate with cold shock was the more surprising in view of the
belief that mitochondria accumulate calcium in these circumstances (van Eerten & Forrester, 1980).
These observations might be explained by differences in pyroantimonate reactivity between various
intracellular pools of calcium. Wick & Hepler (1982) suggested that tightly bound calcium was

unable to react with the pyroantimonate and that any precipitate represented only the loosely
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bound exchangeable pools. There is evidence that calcium ions accumulated in mitochondria
are sequestered as hydroxyapatite (Rossi & Lehninger, 1963) which might not be available to
react with pyroantimonate. In support of this, many human spermatozoa failing to show pyro¬
antimonate precipitate in the midpiece were found by X-ray microanalysis to possess high calcium
levels (Chandler & Battersby, 1976); these authors consider that this might reflect a variation in the
degree of calcium binding to protein within the cells.

The degree of membrane disruption in cold-shocked ram spermatozoa was considerable. It is
known that calcium gains entry to ram spermatozoa after cold shock (Quinn & White, 1966; van

Eerten & Forrester, 1980; Plummer, Robertson & Watson, 1985). From the evidence using the
pyroantimonate technique it appeared that calcium was accumulated in association with the head
membranes; its distribution was related to the degree of membrane disruption.

We thank Mr J. C. S. Bredl, Mr. W. J. Anderson and Mr P. B. Moor for excellent technical
assistance.
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