








THE DISINTEGRATION OF SEMEN IN GUERNSEY BULLS

No. 9 was disposed of because the breeding results in the herd served by him were
not good. His subsequent breeding record is not available.

¢ owner of No. 11 complained that, after he showed normal fertility revious
years, the cows served by this six year old sire were returning four and five es, and
even then some did not conceive. He was consigned to the abattoir after the owner
had received the report on the semen examination.

A veterinarian submitted semen smears and a report on No. 12.  An examinati
of the smears showed 100 per cent disintegrated sperm and his breedi  record
revealed that he was completely sterile at the time although the owner deciared that
he had previously sired two calves.

The remaining seven animals (No. 3, 4, 5, 6, 7, 10 and 13) were all apparently
completely sterile and most of them had been returned to their respective breeders
on this account.

Observations made on bull No. 3 at this Institute over a three year period est:
lished that his sexual behaviour was completely normal in every respect. Actually
his ] ido was well above that of the average normal sire, and no difficulty was expe-
rienced in collecting semen from him with an artificial vagina at any time. N~
withstanding the fact that collections were made twice or three timesaw  throu
out the year, he served readily when the two exhaustion tests were made.

Disintegration of the sperm rapidly became worse after his arrival at  is Institute
and was practically hundred per cent within four months after the semen reported on
in Table 1 was obtained.

Repeated examinations of freshly collected semen made under a phase contrast
micrrerope revealed that the detached heads were motionless while many of the loose
tails  owed considerable activity in the course of which a cytoplasmic droplet or a
loose nead was frequently caught up in a loop of the tail. This gave a very close
resemblance to a normal intact spermatozoon for which it may be mistaken on cursory
examination (Fig. 2).

In the first exhaustion test he yielded 22 ejaculates in 85 minutes, these varying
in volume from 1-7 mlto 5-6 ml. A total volume of 74-7 ml was obtained from him.
The density of the 22 samples was rated as follows: 3 milky, 13 thin milky and 6
watery. Smears were made from each sample and stained with nigrosin-eosin.
Numerous sperm were present in every sample. Counts of 200 sperm heads were
made in each smear, and of the 4,400 thus observed only four intact sperm were seen.
One of these was in the tenth, two in the eleventh and one in the twelfth ejaculate.
One sperm in the 22nd ejaculate had the middle-piece attached but no tail.

The brief interval between successive ejaculates did not permit of a more deta d
examination of each. For that reason a more comprehensive study was made of only
nine samples in the second exhaustion test which was carried out nin= months after the
first. In this test 25 ejaculates were obtained in 262 minutes, the v 1me varying from
1-2mlto7-0ml. The total was 67-1 ml. Density was fairly constant throughout.

The results of the detailed examination are given in Table 2.

The fructose content was not below normal limits in any one of the = 1e samples.
On the contrary it was rather above average in many samples which is evidence of high
luteinizing hormone activity and probably accounts for the unusually high libido
displayed. The pH rose progressively from 6-8 to 8-1.
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Smears stained with Giemsa showed the presence of considerable amounts of
irregular cytoplasmic masses in all ejaculates. Small pyknotic chromatin-like masses
were present in all ejaculates after the tenth. Initially a small band of pyknor
basophylic material was seen on the head at the neck junction. In the last few
ejaculates this was evident as several granules independent of each other.

Some distal droplets were present in the first few ejaculates but were absent
thereafter.

Tail abnormalities consisted largely of bent and loosely coiled

T e successive ejaculations were taken for the determi ion of etabolic
activity and the results of the observations are detailed in Table s.

TABLE 3.—Metabolic activity of spermatozoa of bull number 3

Ejaculate number

Volume. ..o e 74 170 I 54
Heads perml X 108 .. . 1425 1113 706
Tails permi » 10% .o 1387 1100 713

Mass Motility (0-5)........ . 1+ —2 2
PH—0 hr.... e 68 685 685
L0 T 1 O 66 665 6-8
[ T | 65 65 | 665
Lo AT e 6-4 64 655

2 0 T Y63 1 6-25 —
Fructose—O0 hr..... 697 347 362
I o 3 O 618 253 362
22 2 O 507 ' 208 256

Total fructose (mg per ejaculate)......... ... ... ... ... ........ | 516 243 19
Fructose index: O-1 hr... ... ... . . . . . . . 0-56 0-85 141
-2 hr o 0-79 « 0-41 0-06

Citric acid concentration............... ... 721 868 89
Total citricacid. ... 53-4 60-8 484

Two other ejaculates taken subsequently were pooled and centrifug~? <lowly for
five minutes. Samples were taken from the supernatant portion (A) ¢  from the
sediment (B) for fructolysis determination and counts of the relative concentration of
sperm heads and tails. The results are given in Table 4.

TABLE 4.—Observations on centrifuged sample of spermatozoa of bull number 3

‘A—Supernatant | g sediment

Concentration of heads (> 10%)........... .. .. .. ... ..... 0,043 (16%) 0,720 (62 %)

3
Conc ration of tails (X 10%)......... ... .. ... . ......... 0,230 (84 %) | 0,445 (38°%)
1-68 0-017

Fructurysisindex: O-1 hro....... . .. . o i
i I
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Misconception is apparently produced by confusing the ability to displav move-
ment with the actual act of motility. The statement that sperm in the epid 'mis are
immot  does not necessarily imply that they are not capable of exhibiting motility.

1e question of motility exhibited by epididymal spermatozoa is also sometimes
confounded by not differentiating between linear and other types of motility.

It has been demonstrated in this work that epididymal sperm rid themselves of the
cytoplasmic droplet by vigorous oscillating movements of the tail and, when this has
been accomplished, they lapse into a quiescent state. It is thus concluded that while
sperm in the rete testis and epididymis are capable of displaying motility, the
normally in a state of rest and only display activity when provoked thereto by
vourable conditions such as the presence of a foreign body like the cyloplasmic droplet.

DiscussioN

The results obtained in this investigation indicate that the condition occurring in
certain bulls in South Africa is fundamentally the same as that studied by workers
Great Britain. There are nevertheless important differences, and consideration o1
these may assist in elucidating the aetiology and pathogenesis of sperm di * egration.

With few exceptions the percentage disintegrated sperm is not as high as noted in
the British animals, only two of the ten in Table 1 showing over 80 per cent disintegra-
tion. A very significant fact emanates from this, viz. that six of the thirteen bulls
investigated showed some degree of fertility in the early stages of their careers whereas
all the affected sires in Britain were completely sterile from the start. e data
presented and the available information on the breeding performance suggest that
the condition is progressive and that in these cases with a comparatively low propor-
tion of affected sperm, the tendency to disintegrate increases rapidly. For instance
bull No. 3 showed only 78 per cent sperm with loose heads when he was first exami
but within four months it was practically 100 per cent, and frequent examination ¢
semen over the next three years rarely revealed an intact spermatozoon.

This seminal deterioration was naturally accompanied by rapid lowering of
reproductive capacity in those affected bulls that had displayed some degree of fertility
initially

Another point on which the results are not in complete agreement v h those
obtained in Britain is the site at which disintegration occurs. Hancock (1955) found
that most of the sperm disintegrate during their passage through the caput epididymis
whereas the data in Table 5 show that in the one bull that was available for post
mortem study in this investigation, 51-5 per cent of the spermatozoa in the rete testis
were already decapitated.

The site where most sperm heads become detached probably varies from animal
to animal and may be determined to a large extent by the degree of weakness of ¢
neck of the sperm. It is conceivable that in this case the neck was particularly frail,
resulting in decapitation in the majority of spermatozoa as soon as motility was
initiated in the rete testis. In this connection the relatively large percentage of
broken necks (19) found in the rete testis is significant.

As regards the actual mechanism fo decapitation, the observations on both
affected and normal animals support Hancock’s contention that separation between
the sperm head and tail is associated with the presence of the cytoplasmic droplet.
The additional studies on the droplet in normal bulls and rams, however, suggest that
it results, not from the droplet tearing the head away from the middle-piece and tail,
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In ten affected bulls the percentage disintegrated sperm varied from 4 to 100.
In several this percentage was not as high as that reported in Britain and the animals
showed some degree of fertility in the early stages, but the condition deteriorated with
ageing.

Two exhaustion tests were carried out on one bull. These yielded 22 and 25
ejaculates in 85 and 262 minutes totalling 74-7 and 61-7 ml semen respectively.
In each test only four intact sperm were found.

The tests further showed that spermatogenesis was normal as regards the number
of sperm formed, while pH and the citric acid and fructose levels were also normal in
the seminal plasma.

A determination of fructolysis activity and pH shift showed that the metabolic
rate of disintegrated sperm was similar, or only slightly below that of normal sperm.
Their survival rate indicated that there was no selective absorption or phagocytosis of
either heads or tails in the male genital tract.

On centrifugation of semen the biggest concentration of heads was in the sediment
and tails predominated in the supernatant fluid. The tails of the sperm are mainly
responsible for fructolysis.

~_In the bull available for post mortem study. an examination of sperm from
differcnt sites showed that disintegration occurred mainly in the rete testis and
curvature of the caput epididymis.

Examination of live sperm from different parts of the caput epididymis imme-
diately after collection disclosed considerable activity characterized by violent lashing
of the tails in all the spermatozoa with a cytoplasmic droplet. This activity ceased as
soon as the droplet was discarded. Most of the droplets are unloaded fro~ the distal
end of the middle-piece and few reach the tail. The discarding of the droj ts occurs
mainly in the curvature of thc caput epididymis.

It is concluded that in those animals with an abnormally weak attachment
between the sperm head and tail, caused by congenital defect or a pathological condi-
tion, separation between the two components occurs in the rete testis and caput
epididymis during the severe lashing movements made by the sperm in its efforts to
cast off the cytoplasmic droplet.

The evidence indicates that in affected Guernsey bulls the defect is attributable
to a recessive hereditary factor.
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