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Summary. Antibodies to egg-yolk semen diluent antigens were
isolated from the majority of samples from the vagina, uterus and serum

of cows which had received repeated artificial inseminations with semen

diluted in egg-yolk diluent. The vagina was the site from which anti-
bodies were isolated most frequently. There was evidence that the titres of
antibodies in the genital tract resulted in part, at least, from local anti-
body production by the vaginal and uterine tissues.

Samples with titres to egg-yolk diluent antigens, when tested in vitro,
caused mixed agglutination of homologous spermatozoa diluted in egg\x=req-\
yolk diluent, while non-specific head-to-head agglutination was seen
when the spermatozoa had been diluted in saline. When the cows were

inseminated with homologous semen diluted in egg-yolk diluent, the
fertility of animals which had uterine titres was significantly lower (P\m=ge\
0\m=.\05)than that of animals which had no titres.

Antibodies to homologous bovine semen were detected in very few
uterine samples from animals which had received repeated insemina-
tions.

INTRODUCTION
Since Landsteiner (1899) first discovered the antigenic properties of bovine
spermatozoa, antibodies to the semen of mice (McLaren, 1964; Edwards,
1964; Bell, 1969a), rabbits (Edwards, 1960; Behrman & Nakayama, 1965;
Menge, 1968; Bell, 1969b), guinea-pigs (Isojima, Graham & Graham, 1959;
Katsh, 1959) and cattle (Menge, 1967) have been found following iso-immuni-
zation of the female with semen or testis. The antigenicity of semen varies from
species to species and while guinea-pigs (Isojima et al., 1959) and cattle (Menge,
1967) give a good immunological response, prolonged iso-immunization in the
presence of adjuvants is necessary to induce antibodies in mice (McLaren,
1964) and rabbits (Edwards, 1960). Even with cattle, however, chemical
adjuvants must be incorporated with the semen or no immunological reaction
is found (Kiddy, Stone, Tyler & Casida, 1959). Fertility is reduced in females
showing high serum titres of antibody to homologous spermatozoa following
iso-immunization (Katsh, 1959; McLaren, 1964; Behrman & Nakayama,
1965; Menge, 1967).
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Serum titres of sperm agglutinating antibodies have been demonstrated in

cattle following repeated service (Bratanov & Dikov, 1959; Sokolovskaja &
Reshetnikova, 1968) and in women with a history of unexplained infertility
(Franklin & Dukes, 1964; Tyler, Tyler & Denny, 1967). However, the work of
Menge (1967) has shown that natural service of cattle does not elicit an immune
response, even in animals presensitized with homologous semen before service.

With artificial insemination (AI) in cattle, the bovine genital tract is exposed
not only to iso-antigenic semen but also to highly antigenic proteins such as

egg-yolk and skimmed milk, which are routinely used in solution as diluents for
the semen. Bratanov, Dikov & Popova (1962) have demonstrated serum titres
of antibody to egg-yolk semen diluent in heifers inseminated early in the post-
partum period with semen diluted in egg-yolk diluent. Subsequently, they
observed an allergic response and missed fertilization, when these animals were
inseminated with semen diluted in the same diluent.

In this report, serological tests on serum, tissue and mucus samples from the
genital tracts of cows receiving repeated inseminations, showed that, although
antibody titres to egg-yolk diluent were isolated from the majority of samples,
no significant immune response was found to homologous seminal antigens.

MATERIALS AND METHODS

In a preliminary study, uterine mucus and biopsy samples were collected
repeatedly from 104 dairy cows, all of which were impregnated by AI. Samples
were taken after insemination and never later than 10 days following service.
Animals which had not been inseminated nor served naturally were used as
controls. In a second group of sixty-eight cows, all of which were artificially
inseminated, samples were taken simultaneously from the vagina, uterus and
serum on a single occasion. Ten cows served naturally were used as controls.

Biopsy samples were obtained from the vagina and uterus using an instrument
designed by Hartigan, Murphy & Nunn (unpublished data). Mucus was
obtained with this instrument and with cotton wool swabs introduced into the
tract by the technique used for microbiological sampling (Murphy, 1967). All
samples were transferred to 2-ml amounts of physiological saline and stored at
4° C. Tissue samples were homogenized with a ground-glass pestle and mortar
and centrifuged to remove cellular débris. The mucus was solubilized with glass
beads on a vibrator (Fisons) before centrifugation. Blood was collected from
the jugular vein and the serum decanted after clotting. All test samples were
heated at 56° G for 30 min and stored at -19° C.

The AI station responsible for the insemination of the test animals supplied
samples of fresh bovine semen which had been stored at 4° C, and also samples
of semen which had been diluted in egg-yolk diluent and stored at 4° C or

deep frozen in liquid nitrogen. All semen samples were washed five times in
Krebs' buffered saline (Wales, Martin & O'Shea, 1967) before use in the
agglutination tests. Seminal plasma was obtained by centrifuging the semen

samples at 2500 rev/min for 10 min. Lactose egg-yolk diluent (Nagassi) was
used for the dilution of semen and the tests in vitro.
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A modification of the passive haemagglutination test of Boyden (1951) was

used to detect antibodies to seminal plasma and egg-yolk diluent. Human
(ORh + ) red blood cells, preserved by treatment with formalin (Weir, 1967),
were treated with tannic acid before coating with the test antigen. Haemag¬
glutination inhibition tests were carried out using soluble antigen, in order to
confirm the specificity of the reaction. Untreated 'tanned' cells and negative
sera were used as controls. Sperm agglutination tests were carried out using the
microscopic technique ofKiddy et al. (1959) and the macroscopic agglutination-
in-gel reaction of Kilbrick, Balding & Merrill (1952). In the sperm immobiliza¬
tion test (Ashitaka, Isojima & Ukita, 1964), human serum was used as a source
of complement. Negative sera and saline were used as controls in all tests.

In all immunological tests, titres of less than 16 were found with the control
samples, so that only titres greater than this were regarded as positive.

RESULTS
In the preliminary study, antibodies to egg-yolk diluent were demonstrated
frequently in the homogenates of uterine mucus and biopsy samples taken from
the 104 dairy cows. The frequency with which positive titres were found rose

concomitantly with the number of services the animal had received before
collection of the sample (Table 1 ). Antibody titres to egg-yolk diluent were

Table 1
the correlation between the
incidence of uterine antibody
titres to egg-yolk diluent and

the frequency of service

No. of animals tested
No. showing titres
% showing titres

No. of services
0 1 to 3 >4

20 40 49
1 15 37
5 37-5 77-5

found in the uterine samples from the majority of animals served four or more
times (repeat-breeders).

The antibody titres found in the uterine samples ranged from 64 to 256, with
the higher titres occurring in the animals with the greater number of services.

Samples from eighty of these animals were examined for antibodies to
spermatozoa and seminal plasma. Of these, two animals which had been served
five and seven times, gave titres of 32 and 64, respectively.

To determine the site of origin of the antibody found in the uterus, samples
taken simultaneously from the vagina, uterus and serum of sixty-eight cows
were examined. Only tests for antibody to egg-yolk diluent were carried out.

The frequency with which positive titres were obtained from these samples is
given in Table 2. These results show that the vagina was the site from which
antibodies were isolated most frequently, while the lowest immunological
response was found in the serum samples.
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Although antibodies were shown to be present in the vagina and uterus of
many of these cows, the source of these antibodies was not known. A correlation
between the titres found in the serum and vagina of a selected group of animals
is given in Table 3. This shows that, of twenty-three animals which had positive
titres in the vagina, nineteen had positive serum titres. Of these nineteen
animals, ten had vaginal titres greater than those found in the serum.

Four animals had vaginal titres in the absence of any humoral response so
that of twenty-three animals which had vaginal titres, fourteen had titres which
could not be accounted for entirely by the passage of humoral antibody into the
tissues of the genital tract. This can be explained by the production of local
antibody by the vagina following exposure to diluent antigens.

Table 2
relationship between antibodies to egg-yolk

diluent and frequency of service by ai

Serum positive
°/0 positive

Vaginal biopsy positive
% positive

Uterine biopsy positive
% positive

No. of services by AI before testing
0* I to 3 ^4

0/10 12/25
0 48

0/7 10/14
0 71-5

1/6 7/12
16-7 58-4

18/31
58

13/15
86-7
8/12
66-7

* This includes animals served naturally, which had not been
brought into contact with semen diluent at service.

Table 3
correlation between vaginal and serum titres of antibody

to egg-yolk diluent antigens

No. of animals with antibody
titres to egg-yolk diluent

Vagina+ Vagina + Vagina +
Serum + Serum —

Vagina
—Serum +

23 19

A similar comparison was made between uterine and serum titres. Although
the antibody titres found in uterine homogenates were lower than those in the
vagina, they were also found both in excess and in the absence of serum titres.

Tests were carried out in vitro to determine the effect of these antibodies on
semen homologous to that used in the service. Fresh semen and semen which had
been diluted and stored in egg-yolk diluent was washed and tested for sperm
agglutination and immobilization. Samples which had titres to diluent antigens
in the passive haemagglutination test caused mixed agglutination of the
spermatozoa which had been stored in egg-yolk diluent but did not have any
effect on the semen which was stored and diluted in saline, except for causing
non-specific head-to-head agglutination. Immobilization of spermatozoa was

not demonstrated using spermatozoa stored in egg-yolk diluent or saline.
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The fertility of forty animals from which samples had been obtained follow¬

ing the first, second or third service was examined in order to evaluate the effect
of antibodies to the egg-yolk diluent. The fertility of fifteen animals which had
uterine titres following a given service was significantly lower (P^O-05) than the
fertility of twenty-five animals in which there were no uterine titres (Table 4).

Table 4
the association between uterine antibodies to egg-

yolk diluent and fertility

No. of animals
No. repeating to the service following

which the sample was obtained
°/0 repeating to the service

Uterine titres to diluent antigen
+

-

15 25

14 13
93-4%* 52%*

* Differences significant at P>0-05.
Uterine titres ofantibody to semen were found so infrequently that they could

not be associated with the reduced breeding efficiency.

DISCUSSION

Although Bratanov & Dikov (1959) and Sokolovskaja & Reshetnikova (1968)
have found antibodies to homologous spermatozoa in the serum of cattle
following service, it would appear that semen provides a weak immunological
challenge to cattle under these conditions. Chemical adjuvants must be used in
conjunction with homologous semen to induce antibodies in cattle under experi¬
mental conditions (Kiddy et al., 1959; Menge, 1967). Bratanov, Dikov, Radev
& Danov (1965, 1966) have found increased titres of iso-antibodies to sperma¬
tozoa following service of animals suffering from such diseases as latent chronic
endometritis or oestrual metrorrhagia, and they suggest that there may be an
accelerated absorption of spermatozoa which induces serum titres of antibody
with greater facility than in normal animals.

Bratanov et al. (1965, 1966) did not attempt to assess the antifertility effect of
the humoral iso-antibodies to semen nor did they establish the significance of
such antibodies within the genital tract. Menge (1967) found that, following
iso-immunization of heifers with semen, antibody titres could be found con¬

currently in the serum and the uterus, and that there was a direct correlation
between the level of titres in the uterus and the breeding efficiency of the host.
The extremely low incidence of uterine titres to homologous semen (2-5%),
found in the present work, would suggest that under natural conditions, high
titres of antibodies to semen are not frequently produced even in animals served
repeatedly.

In contrast to this, antibodies to egg-yolk semen diluent antigens were

frequently detected in the vagina, uterus and serum of cattle after repeated
service by AI. Our results would suggest that these antibodies may be produced
locally in the genital tract of cattle and/or in the humoral system, following
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service. The important factor is that, irrespective of the site of production, the
antibodies may be present within the genital tract and therefore could affect the
fertility of the female.

The different agglutination patterns obtained in vitro on testing homologous
spermatozoa which had been stored in egg-yolk diluent or saline, with samples
which had titres to diluent protein, would suggest that storage ofspermatozoa in
egg-yolk diluent alters their antigenicity. Under natural conditions, seminal-
plasma antigens become attached to the mammalian sperm surface as the
spermatozoa pass through the male genital tract (Weil & Rodenburg, 1962).
The negatively charged surface of the bovine sperm surface (Veres & Oscenyi,
1968) would provide an optimal environment for the ionic binding of protein
molecules, such as egg-yolk diluent protein. Such a reaction could cause
occlusion of the normal antigenic sites of the spermatozoa and confer on them
an antigenicity similar to diluent protein, thus making them sensitive to agglu¬
tination by antibody specific for egg-yolk diluent antigen. Bratanov, Dikov &
Tornjov (1968) have found similar types of agglutination patterns with the
immune serum from rabbits immunized with bovine semen diluted in egg-yolk
diluent. Swanson & Hunter (1969) have demonstrated clumping when rabbit
spermatozoa, which had been diluted in egg-yolk diluent, were mixed with
specific antisera for the egg-yolk diluent antigen. No agglutination or im¬
mobilization could be demonstrated with the antisera.

A reduction in fertility of animals to service with semen diluted in egg-yolk
diluent was found in the present work, when uterine titres to diluent antigens
were present, as compared with animals showing no titres. From these results,
it would appear that the presence of antibodies to egg-yolk diluent in the bovine
uterus, is detrimental to the fertility of AI service. Swanson & Hunter (1969)
have shown that rabbit antisera to egg-yolk semen diluent alone does not
reduce the fertility of semen stored in homologous diluent, when used to treat
the semen before insemination. They propose that the presence of these anti¬
bodies within the tissues of the uterus may interfere with fertility.

Preliminary results have shown that the fertility of rabbits to insemination
with semen diluted in egg-yolk diluent was significantly reduced in animals
which had high titres of antibody to diluent antigen. Ten of eleven rabbits
which had uterine mucus titres of less than 64 were fertile following insemina¬
tion, whereas none of seven animals with mucus titres equal to or greater than
64 was fertile. Although a direct correlation was found between antibodies to
egg-yolk diluent and infertility, no relationship could be found between reduced
fertility and uterine titres to seminal antigens (Griffin, McGilligan, Hartigan &
Nunn, in preparation). From our results, it would appear, therefore, that the
presence of antibodies to semen diluent antigens in the uterus of cows or rabbits
can have an adverse effect on the breeding performance.
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