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Summary. Experiments have been carried out to investigate the reaction of epididymal spermatozoa to interruption of their normal passage
through the epididymis. In eighteen rabbits, the epididymis was
ligated unilaterally at the distal end of the body, and in a further fifteen
the ligature was placed at a pointjust distal to the head of the epididymis.
Samples of spermatozoa from different regions proximal to the ligature
were examined in each case for changes in motility, morphology and
reactions to certain staining techniques.
It was found that ligation resulted in a distinct pattern of changes
in the contained spermatozoa, irrespective of the level at which the
epididymis was ligated. Initially these changes involved an enhanced
capacity for motility in vitro, decreased eosinophilia and an increased
number of coiled tails. In addition, maturation changes in the acrosome
and in the location of the protoplasmic droplet occurred. After 14 days of
ligation, however, degeneration of the spermatozoa was widespread.
The significance of these events is discussed in relation to the normal
maturation of spermatozoa. It is suggested that spermatozoa can mature
in situ when the epididymis is ligated, but that the changed environment
resulting from ligation appears to superimpose a number of morphological
abnormalities

on

the spermatozoa.

INTRODUCTION

The motility in vitro of mammalian spermatozoa removed from the testis or
upper levels of the epididymis is poor compared with that shown by spermato¬
zoa removed from the tail of the epididymis. The increase of motility during the
passage of spermatozoa along the ductus epididymidis is widely accepted as
reflecting a process of maturation, and it would appear that it is accompanied
by an enhanced ability of the spermatozoa to fertilize.
However, Young (1931) showed in guinea-pigs that, if the epididymis is
ligated, spermatozoa above the ligature become actively motile in vitro. Thus it
seems possible that, in this species at least, spermatozoa can 'mature' at any
level of the epididymis, and Young concluded that maturation is primarily a
temporal phenomenon. This is not in accordance with the view of Tournade
(1913), Redenz (1924), or von Lanz (1926) that secretions of the epididymis
are the most potent influence in this process. Salisbury (1956) suggested, as a
119
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compromise, that both intrinsic and extrinsic factors might be involved, but the
issue was far from being settled and the need for further investigation was clear.
The work to be described approaches the problem of maturation in spermato¬
zoa from the
point of view of their morphology and certain staining characteris¬
tics. The rationale for this lies in the fact that the spermatozoon is also subject
to changes in its structure and permeability as it passes through the epididymis,
and these, too, have been regarded as indicators of maturation. Migration of the
protoplasmic droplet from the neck of the spermatozoon to the end of the
mid-piece is a well-known change, and alteration in the shape and dimensions
of the acrosome have also been recorded in the rabbit by Bedford (1963), and
in the guinea-pig by Fawcett & Hollenberg (1963). In addition, peculiar
changes in the permeability of spermatozoa to eosin seem to occur during their
transit through the epididymis (Brochart & Debatène, 1953; Ortavant, 1953;
Glover, 1962a, b), and a conclusive explanation of these effects has never
been given.
The maturation of spermatozoa is therefore not easy to define, and it was
would further contribute to an

thought that the use of epididymal ligation
understanding of the problem.

MATERIALS AND METHODS

Thirty-three adult male rabbits of mixed strain were used in two main experi¬
ments. In eighteen rabbits, the epididymis of one side was ligated close to the
distal end of the corpus epididymidis (at B, Text-fig. 1), whilst the contra-lateral

left intact to serve as a control. These animals will be referred to
hereafter as 'the low ligation group'. The operative procedure previously
described (Glover, 1960) was followed, but in this instance a single suture was
used and no portion of the epididymis was removed.
In the other fifteen rabbits, unilateral ligation of the epididymis was again
performed but the ligature was this time passed round the upper end of the
corpus epididymidis (at A, Text-fig. 1). These rabbits constitute the 'high
ligation group'. It was considered important to have the two groups for com¬
parison, since spermatozoa that are immediately stopped by high ligation (at
point A) will be younger than those just proximal to a ligature placed at B.
Moreover, it is possible that environmental conditions differ at these two levels
organ

was

{see Nicander, 1957).
It is pointed out, in addition, that of the control epididymides twelve were
selected at random to provide quantitative estimates, and these have been taken
together to serve as control data for both experimental groups {see Tables 1, 2
and 3).
Bilateral low ligation of the epididymis was effected on three additional
rabbits in order to check some of the more equivocal findings and to determine
whether any of the effects of ligation occurred before 6 days. Data from these
animals are not included in the main analyses.
Animals in the low ligation group were killed in groups of six on the 6th, 10th
and 14th days after operation, whilst five of the high ligation group were killed
at

the

same

intervals.
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The rabbits were killed by intravenous injections of sodium pentabarbitone
(Euthatal, May and Baker Ltd.) and immediately after death the testes and
epididymides were examined macroscopically before being put in normal saline.
Within 5 min the contents of a ligated epididymis were sampled at various
levels above the ligature {see Text-fig. 1 ) by making a small incision in the duct
and placing one drop of the emergent fluid on to each of two microscope slides.
On one, the sample was smeared in the fresh state, then fixed in air and stained
by a method based on that of Papanicolaou (1942) ; the other was smeared after
Reactions

Text-fig. 1. Diagram of the rabbit testis and epididymis to show alternative sites of
ligation and regions from which spermatozoa were withdrawn. A, site of high ligation;
B, site oflow ligation; 1, initial segment; 2, caput flexure; 3, caput epididymidis; 4, upper
part of corpus epididymidis ; 4a, lowest level from which sperms were taken following
high ligation; 5, middle part of corpus epididymidis; 6, lower part of corpus epididymidis.

being mixed with a drop of aqueous nigrosin eosin, and was then allowed to dry
in air at room temperature. The motility of spermatozoa in samples from each
level of the epididymis was assessed qualitatively from simple microscopic

observation.
Counts of 100 spermatozoa were made on each nigrosin eosin smear at a
magnification of 400, and estimates of the incidence of eosinophilic spermatozoa
were made together with the estimated occurrence of certain morphological
characteristics. These included coiled tails, proximal protoplasmic droplets
(situated at the neck of the spermatozoon) distal protoplasmic droplets (migrat¬
ed towards the end of the mid-piece) and morphologically abnormal droplets.
Characteristics of the acrosome were estimated only on smears stained by
Papanicolaou's stain, when 100 spermatozoa per slide were counted under oil
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since these characteristics are less easily defined in

nigrosin

eosin

smears.

All control material was examined in the same way as the experimental
material, but counts of acrosome characteristics were made on samples from
eight animals only.
For convenience, Tables 1 and 3 only include the results of counts from the
initial segment, the caput epididymidis and the region just proximal to the
ligature. Counts from levels 2 and 3 have been combined, and those from levels
4 and 5 in the low ligation group have been omitted since they did not show
any important individual differences in the particular features recorded in these
two tables.
RESULTS
Control material
Examination of the contents of control epididymides confirmed earlier
reports that more eosinophilic and decapitate spermatozoa occur in samples
taken from the lower part of the body of the epididymis than in those taken from
either the tail or the head (Glover, 1962a). Also the motility of samples could be
roughly correlated with the content of unstained spermatozoa, so that sperma¬
tozoa from the tail or head of the epididymis showed greater motility than those
from the initial segment or lower part of the corpus epididymidis.
Counts of proximal and distal protoplasmic droplets revealed that in the
rabbit the droplet migrates to the end of the mid-piece as the spermatozoa pass
from the initial segment (level 1, see Text-fig. 1), through the caput flexure
(level 2) to the head of the epididymis (level 3). Thus sperm samples from the
head of the epididymis contain abundant spermatozoa with migrated droplets.
Nevertheless, these spermatozoa show much less propensity for motility in vitro
than spermatozoa from the tail of the epididymis, and in any case are accom¬
panied by many immotile eosinophilic spermatozoa.
From smears stained by the Papanicolaou method, there appeared to be
four types of spermatozoa distinguishable by their acrosomes :
(1) The acrosome was closely applied to the nucleus and formed an almost
continuous outline with the postnuclear cap {see PI. 1, Fig. 4).
(2) The acrosome was expanded but had a distinct outline {see PI. 1, Fig. 3).
(3) Spermatozoa with a 'swollen' and very pale-staining acrosome, the
outline of which was quite indistinct {see PI. 1, Fig. 3).
(4) Spermatozoa that appeared to have no acrosome.
Quantitative estimates of these different types of spermatozoa showed that
in samples from the tail of the epididymis the ratio of type 1 to type 2 was
94 :5, whereas in those from the head of the epididymis it was 2 : 78. Type 4
occurred but rarely, whilst type 3 was more common in samples withdrawn
from upper regions of the epididymis than in those from the tail {see Table 4).

Low ligation group
Overall distension of the epididymis proximal to the point of ligation occurred
in all cases. However, as previously reported (Glover, 1962a, b) there were
discrete patches where the tubule was particularly distended and cream in
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colour. After 6 days of ligation, the whole of the corpus epididymidis was dis¬
tended in this way, whilst the head and initial segment were unaffected. Longerperiods of ligation, however, resulted in a variable distribution of these patches
(for example, see PI. 2, Fig. 1 ). They were evidently due to excessive accumula¬
tions of spermatozoa.
After 6 days the motility of spermatozoa from all three levels of the body of
the epididymis was better than those of control samples, but after 10 days it was
from the head of the epididymis and the initial segment that the most actively
motile spermatozoa were obtained. After 14 days there was an overall reduction
in the motility of the samples.
Table 2

(with

errors)

the mean proportion
standard
of spermatozoa with proximal
droplets and distal droplets in the initial segment

(level 1)

Low ligation
Proximal
Controls
6 days
10 days
14 days

(%)

58-10 ± 3-29
50-17 ± 9-82
40-83 ± 13-40
14-83 ± 7-15-**

High ligation
Distal

(%)

0-90 ±0-60
4-83 ±3-57
8-17+4-81
9-33=3-42*

Proximal

(%)

58-10 ± 3-29
41-50 ±21-43
17-60 ± 7-13-**
9-75 ± 5-59-**

Distal

(%)

0-90 ±0-60
4-25 ±1-97
13-40 ±5-71*
4-75 ±2-95

Significant difference (0-01<P<0-05) between corresponding figure and that for controls
(-***where difference is one of reduction).
Highly significant difference (P<0-01) (-** where difference is one of reduction).

Changes in motility were directly related to the incidence of spermatozoa with
coiled tails but inversely related to the incidence of eosinophilic spermatozoa.
Table 1 shows that the proportion of spermatozoa with coiled tails rose sig¬
nificantly at level 6 after 6 days of ligation, and at levels 2 and 3 after 10 days of
ligation; after 14 days the proportions were reduced at all levels of the epi¬
didymis. By contrast, the incidence of eosinophilic spermatozoa was significantly
reduced at level 6 after 6 days, and in the more proximal regions after 10 days.
It appears, therefore, that ligation resulted first in the spermatozoa acquiring an
increased capacity for motility in vitro ; this was reflected in nigrosin eosin smears
by a higher incidence of unstained spermatozoa and many spermatozoa with
coiled tails. It was followed by the progressive degeneration of spermatozoa, the
onset of which was indicated by an increased proportion of eosinophilic
spermatozoa in samples withdrawn after 14 days of ligation.
With regard to the migration of the protoplasmic droplet, results showed
that in samples from level 1 the proportion of spermatozoa with proximal
EXPLANATION OF PLATE 1

Smears of spermatozoa from a control epididymis. X 1500.
Fig. 1. Spermatozoa from the initial segment stained with aqueous nigrosin eosin.
Fig. 2. Spermatozoa from the tail of the epididymis stained with aqueous nigrosin eosin.
Fig. 3. Spermatozoa from the caput flexure region stained by Papanicolaou's technique.
The photograph shows one spermatozoon with type 2 acrosome (arrowed, considered to
be immature) and two spermatozoa with type 3 acrosomes (considered to be dead) for

comparison.
Fig. 4.

Spermatozoa from the tail of the epididymis stained by Papanicolaou's technique.
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droplets was significantly reduced after 14 days, but an increased incidence of
distal droplets was less significant {see Table 2). In addition, some of the sperma¬
tozoa from all levels had morphologically abnormal droplets after 6 days of
ligation and these took the form of swollen or fragmenting droplets {see PI. 2,
Figs. 2 and 3). There was considerable variation between individuals in the
proportion of these abnormalities, but a highly significant increase in their
occurrence was apparent after 14 days in samples from the head of the epi¬
didymis {see Table 3). It might be noted in passing that swollen droplets were
frequently associated with coiled tails {see PI. 2, Fig. 2).
Reactions

Table 3
the mean incidence

(with

standard

errors)

of spermatozoa with
abnormal protoplasmic droplets

Caput epididymidis
(levels 2 and 3)

0-00
2-00 ±0-73
7-67 ±3-92
10-33 ±5-15

0-92 ±0-42
3-58 + 1-55
5-75 ±2-52
15-66 ±1-25**

1-10 + 1-10
5-50+2-51
4-67+3-03
6-33+3-35

0-00
2-75 ±2-14
2-60 ±1-44
3-00 ±1-78

0-92 ±0-42
1-80+0-66
19-80+4-14**
20-12+8-09*

0-33+0-24
9-00+6-61
9-50+2-72**
2-80=0-86*

(level 1)

Low ligation
Controls
6 days

10

14

days
days

High ligation
Controls
6 days
10 days
14 days
*

Region proximal to ligature
(level 6 in low ligation)
(level 4a in high ligation)

Initial segment

Significant difference (0-01 <P<0-05) between corresponding figure and that for

controls.
**

Highly significant difference (P<0-01).

Differential counts of acrosome types in samples taken from level 2 showed
that low ligation of the epididymis eventually results in a significant increase
in this area of the proportion of spermatozoa with type 1 acrosomes. In two out
of the three animals examined after 3 days of ligation, the percentage frequency
of type 1 acrosomes was 68 and 88 respectively, whilst in the third animal no
significant increase in this type of acrosome was discernible. After 6 days, a
highly significant increase in the occurrence of type 1 acrosomes was apparent at
this level in four out of five experimental animals, and at 10 and 14 days some
stability appeared to have been reached {see Table 4). A high percentage of
type 1 acrosomes was accompanied by a correspondingly low incidence of type 2.
The proportion of type 3 acrosomes progressively decreased after ligation, but
this trend only became significant after 10 days.
EXPLANATION OF PLATE 2
Fig. 1. Appearance of the testis and epididymis after 10 days of low epididymal ligation.
Note marked distension of tubule proximal to the ligature. Conspicuous convolutions
throughout the body and in part of the head. Arrow indicates site of ligation.
Fig. 2. Spermatozoa from the caput epididymidis following epididymal ligation showing
typical fragmentation of the protoplasmic droplet (stained with aqueous nigrosin eosin).
X1500.
Fig. 3. Spermatozoa from the caput epididymidis following epididymal ligation showing
typical coiling of the tail. Note one spermatozoon shows another type of droplet abnor¬
mality [see text]. (Stained with aqueous nigrosin eosin). 1500.
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High ligation group
Generally speaking, the effects of high ligation of the epididymis resembled
those of low ligation, but differences in degree and time of onset of the changes
are of interest. Overall distension of the epididymis proximal to the ligature
was again apparent, with discrete creamy-coloured patches occurring ran¬
domly. High ligation often caused swelling of the seminiferous tubules also, so
that white patches appeared on the surface of the testis.
The spermatozoa removed from level 4a {see Text-fig. 1) were the first to
show an enhanced motility, whilst spermatozoa from more proximal levels did
Table 4
the mean incidence

(with

standard

errors)

of spermatozoa with different

types of acrosome at the caput flexure following ligation of the epididymis.
control data from both the caput flexure and the cauda epididymidis are

also shown for comparison

No.

samples

Type It

Type 3

Type 2

Type 4

Controls

(Caput flexure)

2-42+2-21

77-71+ 5-48

17-00+5-09

2-85+0-83

Low ligation
3 days
6 days
10 days
14 days

56-00+21-63*
71-20 + 18-11**
92-25+ 1-97**
93-75+ 0-24**

34-00 + 23-26
18-40 + 14-44-**
6-00+ 2-27-**
4-25+ 0-48-**

7-67 + 1-20
8-00+3-89
1-00+0-22-**
0-25+0.24-**

2-33 + 1-45
2-40 + 1-03
0-75+0-48
1-75+0-63

High ligation
6 days
10 days
14 days

67-33 + 19-33** 28-00+25-50
1.75+ 1-44-**
96-75+ 1-60**
92-25+ 2-53**
1-50+ 0-96-**

2-67+2-19-*
0-00-**
0-25+0-24-**

2-00+0-58
1-50 + 1-50
6-00+2-71

0-25+0-17

1-12+0-44

Controls

(Cauda epididymidis)

94-00+ 2-25

4-63+ 2-21

See text for description of different types.
Significant difference (0-01<P<0-05) between corresponding
(-***where difference is one of reduction).
Highly significant difference (P<0-01) (-** where difference is

f*

figure and
one

that for controls

of reduction).

exhibit this change until 10 to 14 days of ligation had elapsed. These
changes are similar in principle to those seen in the low ligation group, but
were more pronounced, for after 6 days samples from the caput epididymidis
exhibited wave motion, whilst after 14 days virtually all spermatozoa from
level 4a were already immotile.
Again, there was an inverse relationship between motility and eosinophilia
in samples from each level, with the exception of level 4a where the proportion
of eosinophilic spermatozoa was not significantly reduced at any time {see
Table 1).
The incidence of spermatozoa with coiled tails followed a similar pattern in
the initial stages of ligation to that seen in the low ligation group, namely an
increase at 6 days in the region just proximal to the ligature, and a similar
increase at 10 days in the caput epididymidis. By contrast, however, a high
not
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incidence of these spermatozoa occurred in the initial segment also at 10 days,
and the proportion was increased at 14 days.
Migration of the protoplasmic droplet occurred earlier in this group, for,
after 10 days, counts on samples from level 1 indicated a significant decrease in
the proportion of spermatozoa with proximal droplets. This was accompanied
by a slight increase in the occurrence of spermatozoa with distal droplets {see
Table 2). Droplet abnormalities of a similar type to those already described were
again evident but they also appeared earlier than in the low ligation group {see
Table 3) and were to be found just proximal to the ligature as well as in the head.
With regard to changes in the acrosome, counts on samples from level 2
showed that after 6 days there was a preponderance of type 1 acrosomes in two
animals, whilst in a third animal, the proportions did not differ significantly
from the controls. However, after 10 and 14 days, a high incidence of type 1
was found in all the experimental animals {see Table 4).
DISCUSSION

This work

further evidence that obstruction of normal flow in the
of
the
rabbit
results in a distinct pattern of changes in the contained
epididymis
This
is
characterized
spermatozoa.
by the development of an increased
for
in-vitro
first
capacity
motility,
by those spermatozoa immediately above
the site of occlusion and later by those at higher levels of the epididymis.
Observations of the motility, morphology and differential staining reactions,
however, all indicate that this apparent 'awakening' of the spermatozoa is soon
followed by their degeneration. At all events, the findings suggest that when
spermatozoa are arrested during their passage through the epididymis, they
undergo in situ certain changes that are usually associated with maturation.
That some of the changes occurred more rapidly after high ligation than low
ligation is probably due to the earlier arrest of sperm flow in the epididymis
following high ligation. Thus samples of spermatozoa from the initial segment,
for instance, would show a large proportion of immature spermatozoa for a
longer period of time after low ligation, because replenishment from the testis
would not be blocked as quickly.
The question still remains as to whether changes induced by ligation of the
epididymis concern only the motility and staining reaction of the spermatozoa
or whether
they truly represent so-called maturation changes. The morphologi¬
cal features of the spermatozoa were of value in this connexion. Results show
that under the highly artificial conditions of ligation of the epididymis, proto¬
plasmic droplets can migrate to the end of the mid-piece whilst the spermatozoa
are still within the initial segment. Moreover, abundant spermatozoa with
contracted acrosomes can also be found at the level of the caput flexure fol¬
lowing epididymal ligation, whereas in the intact animal a preponderance of
spermatozoa with expanded acrosomes is normally found at this level.
The 'cytoplasmic cap' which has been described in the spermatozoa of several
domestic species (Rao, 1958) is probably analogous to the type 2 acrosome
observed in this work, but suggestions that it is a normal feature (Rao &
Berry, 1949) or that it denotes functional immaturity (McKenzie, Miller &

provides
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have been challenged by Hancock (1952, 1956). He believed
that the presence of the 'cap' reflected a post-mortem change in the acrosome.
However, in the present work it has been possible, with the use of Papani¬
colaou's staining technique, to distinguish two kinds of 'swollen' acrosome, and
it is considered that these represent immature and dead spermatozoa. Thus dead
spermatozoa could be discounted when assessing the proportions of mature and
immature forms.
The data from the counts of acrosome types suggest that observed increases
in the motility of spermatozoa following ligation of the epididymis reflect the
degree of maturation. But further evidence from this study indicates that this is

Bauguess, 1938)

precise relationship.
example, a number of spermatozoa develop an abnormality of their
protoplasmic droplet. A significant increase in the incidence of this type of
spermatozoon after 14 days is probably due largely to fragmenting droplets and
may be purely a sign of degeneration, but many swollen droplets occurred
not

a

For

earlier in association with coiled tailed spermatozoa. The presence of these is
obscured in the data because they were counted as coiled tails only.
Secondly, the high incidence of spermatozoa with coiled tails, which occurred
in both the high ligation and low ligation groups, is not a normal feature of
maturation. For the purpose of this investigation all forms of contorted tails or
mid-pieces were classified as 'coiled tails'. Swanson & Boyd (1962) in a study
of coiled tails in both ejaculated and epididymal spermatozoa of bulls, reported
that they were associated with poor motility. By contrast, the present investiga¬
tion has shown that epididymal spermatozoa trapped in a ligated tubule for
only a short period, become very actively motile, yet smears of such spermatozoa
show a fairly high proportion of coiled tails. It is possible that some of these
coiled tails are produced in vitro, for close observation of fresh samples before
smearing showed that the spermatozoa did not have coiled tails at that time,
although they exhibited an unusual form of convulsive movement. By com¬
parison, the high incidence of coiled tails in smears taken at later stages of the
experiment are more likely to have been actually produced in vivo, since they
could be clearly seen in fresh samples which showed very poor motility.
The development of abnormal motility after epididymal ligation is of interest
in connexion with the observations of Blandau & Rumery (1961) that, in the
rat, spermatozoa from the head of the epididymis normally exhibit a form of
movement which differs from that of mature spermatozoa. They suggest that
this may have a bearing on the relative inability of immature sperms to fertilize,
and it would certainly seem valuable to carry out fertility tests in the rabbit
after epididymal ligation.
The time of onset of changes in the spermatozoa is also of interest, for contrac¬
tion of the acrosome was seen to have taken place in many spermatozoa as early
as 3 days following epididymal obstruction. Normally the rate of transit of
spermatozoa through the epididymis of the rabbit is between 5 and 12 days
(Edwards, 1940; Koefoed-Johnsen, 1961; Amann & Koefoed-Johnsen, 1963),
but this concerns their passage from the testis to the ductus deferens, and most
spermatozoa show signs of maturation by the time they enter the tail of the
epididymis. It could well be, therefore, that rabbit sperms only require about
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3 days to attain maturity and that ligation ofthe epididymis does not significantly
affect this. Degeneration of the spermatozoa could also be interpreted as a
Reactions

mere

extension of the maturation process.

previous work there has been some doubt about the significance of eosinophilia in epididymal spermatozoa. Amann & Almquist (1962) believed it to be
due to a change in the permeability of the cells, and, whilst this is undoubtedly
so, the origin of such a change is more obscure. A high degree of eosinophilia is
invariably associated with poor overall motility in fresh samples and many
decapitated spermatozoa in smears, and, following ligation of the epididymis,
it is strongly suggestive of degeneration and possible ageing of the spermato¬
zoa. This may not, of course, apply to eosinophilic spermatozoa from intact
epididymides.
In

The present results in the rabbit thus appear to be in accordance with the
findings of Young (1931) in the guinea-pig, that spermatozoa can mature in situ
when their normal flow is arrested by ligation of the epididymis, because
increases in motility were accompanied by morphological changes that are
normally associated with maturation.
Nevertheless, accumulation of fluid as well as of spermatozoa results from
ligation of the epididymis, so that the environment of spermatozoa at any one
level of the duct must differ from that in the normal animal. It is suggested,
therefore, that the altered environment could be largely responsible for abnormal
features in motility and morphology and that these are superimposed upon an
otherwise normal process of maturation.
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