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Summary. The antigenicity of whole rabbit semen or of bull semen in
egg yolk citrate and the distribution of antibodies in the serum and in the
reproductive tract were studied following either two intramuscular
injections with adjuvant or several intravaginal depositions (artificial
inseminations) into female rabbits.

Repeated artificial insemination ofnon-pregnant does with bull semen

in egg yolk citrate induced only serum antibodies against egg yolk in two
out of five rabbits. Repeated insemination of pregnant does led to serum

antibodies against egg yolk, bull seminal plasma, and bull spermatozoa
in three out of four rabbits, and to vaginal antibodies against egg yolk
and bull seminal plasma in two ofthese rabbits. The cause of the increased
response during pregnancy is not known. After the intramuscular injec¬
tions of bull semen in egg yolk citrate and adjuvant, antibodies against
egg yolk, bull seminal plasma, and bull spermatozoa were found in the
serum and throughout the tract.

Repeated insemination of pregnant and non-pregnant rabbits with
rabbit semen failed to induce any antibodies. Intramuscular injections
with adjuvant into five rabbits led to the presence of sperm agglutinins
in the sera of all five rabbits, and to sperm-immobilizing antibodies, a

precipitin against seminal plasma, and complement-fixing antibodies
against seminal plasma from a vasectomized buck in two of the rabbits.
No antibodies could be detected in the tract. Experiments with homo¬
logous semen were complicated by the presence of natural complement-
fixing activity in rabbit serum against rabbit spermatozoa, and by
a heat-stable factor in the uterus causing agglutination of rabbit sperma¬
tozoa.

The results are discussed in relation to (a) the non-antigenicity of
homologous spermatozoa in rabbits, as compared with the antigenicity
of homologous spermatozoa in other species, and (b) the passage of
heterologous antigens or of antibodies against these antigens between the
serum and the genital tract. It is concluded that intramuscular injection
ofantigen induces systemic antibodies which then enter the tract, whereas
artificial insemination leads to the formation of local tract antibodies and
to the passage of antigen into the systemic circulation.
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INTRODUCTION

Spermatozoa and the seminal secretions are known to be antigenic. After
coitus, the presence of semen in the female reproductive tract could lead to the
local production of tubai, uterine or vaginal antibodies, for the uterus and
vagina are known to be capable of an immunological response to bacteria,
Trichomonasfoetus, Brucella abortus, and other antigens (Kerr & Robertson, 1943,
1947; Pierce, 1947; Rowson, Lamming & Fry, 1953; Batty & Warrack, 1955;
Kerr, 1955 ; Broome & Lamming, 1959). Challenge of these antibody-forming
sites with semen might also induce the formation of serum antibodies against
spermatozoa or seminal plasma. Many spermatozoa in the tract are phago-
cytozed or evacuated from \he cervix uteri (Merton, 1939; Blandau & Odor,
1949; Austin, 1957) ; others penetrate into or between the mucosal cells (Kohl-
brugge, 19io, 1913; Austin, 1959), though union between the spermatozoa and
the cell nuclei does not occur (Edwards & Sirlin, 1959). Dissolution of the
spermatozoa in leucocytes or mucosal cells, and the subsequent transport of
the dissolution products to sites of antibody formation could lead to the produc¬
tion of genital-tract or systemic antibodies.

Many workers have in fact described sperm-immobilizing or agglutinating
antibodies in serum or in washings from the female reproductive tract, together
with some degree of sterility (e.g. McCartney, 1923; Pommerenke, 1928;
Baskin, 1932; see the review by Katsh, 1959). But the value of some of the
immunological tests employed, and the actual induction of sterility have been
questioned (e.g. Henle & Henle, 1940; Parsons & Hyde, 1940; Smith, 1949).
Vaginal and other routes of injection of heterologous epididymal spermatozoa
into rabbits induced serum complement-fixing antibodies against heterologous
spermatozoa, and haemolysins against sheep and ox cells (Parsons & Hyde,
1940) ; uterine antibodies were also considered to be present, though the uterine
extracts were contaminated with blood. Henle & Henle also found comple¬
ment-fixing antibodies in the uterus, the titre being 1/200 to 1/1000 of that in
serum, but considered that these antibodies were due to contamination with
blood. Serum antibodies against T. foetus (Kerr & Robertson, 1953) and bulls'
blood (Kiddy, Stone, Tyler & Casida, 1959), but not against B. abortus antigen
(Kerr, 1955), have been found in cattle following intrauterine or intravaginal
injections of the antigen. Kerr & Robertson indicate that some of the antigen
enters the system, leading to the formation of systemic antibodies.

Systemic antibodies might also infiltrate into the reproductive tract, though
no evidence of this phenomenon was found in cattle by Pierce (1953), Kerr &
Robertson (1953), Kerr (1955) or Broome & Lamming (1959). Katsh (1958)
gave guinea-pigs subcutaneous injections ofhomologous or heterologous sperma¬
tozoa and testis, and produced an anaphylactoid response by the uterus in
vitro on challenge with spermatozoa a few days later.

In the present experiment, the distribution of antibodies in the serum and
in the reproductive tract following intravaginal deposition (artificial insemina¬
tion) or intramuscular injection of heterologous (bull) and homologous semen

into rabbits has been studied. Non-pregnant and pregnant rabbits were in¬
seminated with bull semen which was suspended in the standard egg yolk
citrate diluent used for artificial insemination of cattle. Pregnant rabbits were
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Antigenicity of Semen 387
inseminated to determine whether the presence of semen in the uterus during
implantation and foetal regression would enhance the passage of antigens into
the systemic circulation. Other non-pregnant rabbits were given intramuscular
injection of bull semen in egg yolk citrate diluent. The sera, and the washings
from the reproductive tract of both groups of animals were examined for free
antibodies against bull seminal plasma, bull spermatozoa, and egg yolk. The
experiments were repeated, with the substitution of rabbit for bull semen.

Unexpectedly, experiments with homologous semen were curtailed due to the
discovery of complement-fixing activity in normal rabbit sera when mixed with
rabbit semen, and by the difficulty experienced in inducing antibodies against
homologous semen. Details of some of the experiments with homologous
semen have been given elsewhere (Edwards, i960), and will only be described
in outline in the present paper.

MATERIALS AND METHODS

Adult virgin does, approximately 6 months old, were used.
Whole bull semen, egg yolk, and bull semen suspended in egg yolk citrate

(0.5 ml whole semen in 2 ml egg yolk+2 ml sodium-citrate solution) were

supplied by the Milk Marketing Board, Thames Ditton. These samples were

delivered by mail, having been maintained at approximately o° C during
transit by an ice pack, and were used on the day of arrival. Rabbit semen was
obtained by means of an artificial vagina, samples from between four and six
bucks being pooled.

Rabbit and bull seminal plasma were obtained by centrifuging rabbit or
bull semen at 3000 rev/min for between 5 and io min, and then filtering the
supernatant through an OXO bacterial filter or through a cellulose acetate
filter of average pore diameter 1.25 µ. Some samples of rabbit seminal plasma
were obtained from a vasectomized buck. The spermatozoa were washed with
Baker's solution, Tyrode's solution, 0.85% sodium-chloride solution or veronal-
buffered saline (see Edwards, i960), and centrifuged four more times ('washed
spermatozoa'). Epididymal spermatozoa were obtained by massage from vasa
deferentia excised from rabbit bucks after autopsy.
Treatment of the does

Pregnant and non-pregnant does were either artificially inseminated or given
subcutaneous injections of semen in modified Freund's adjuvant, details of the
treatments given being shown in Table 1. Killed Mycobacterium butyricum were
added to some of the heterologous sperm samples before insemination in case

the presence of bacteria stimulated antibody formation.

Preparation of sera and of the washings from the reproductive tract
Samples of serum were prepared from blood drawn from each rabbit before

treatment (control samples), during the experiment and immediately before
autopsy.

At autopsy, the vaginae of the rabbits were washed out with Baker's or

Tyrode's solution, or with 0.85% sodium-chloride solution. The Fallopian
tubes and uterus were carefully removed, and a pipette was inserted through
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388 R. G. Edwards
the cervix uteri into the uterine cavity, care being taken to avoid bleeding.
Tyrode's or Baker's solution was injected into the uterine cavity, swilled
gently back and forth, and then withdrawn into the pipette; contamination
with blood was thus avoided. The Fallopian tubes were rinsed through several
times. Between 3 and 5 ml of solution were used for washing out each part of
the tract. The washings were centrifuged or filtered to remove particulate
matter.

The sera and washings were stored at —15° C, and were heated to 56° C
for 20 min before use in the immunological tests except passive cutaneous
anaphylaxis in guinea-pigs.

Table i

details of the experimental treatments given to the rabbits

State offemale

Non-pregnant
Pregnant
Pregnant
Non-pregnant

Non-pregnant
Pregnant
Non-pregnant

 ß.
females

Type of
treatment

A.I.

A.I.*
A.I.*
I.M.

A.I.
A.I.*
I.M.

Antigens

Bull semen in
egg yolk citrate

Bull semen in
egg yolk citrate
plus adjuvant
Rabbit semen

»,

Rabbit semen

plus ajuvant

No.
treatments

6 to 10

6
3
2

Interval
between

treatments
(days)

7 to 10

4 to 5
7 to 10

14

7 to IO
6 to 8

14

A.I. = artificial insemination. I.M. = intramuscular injection.
* The first insemination was on the day after mating.

Immunological tests
Passive cutaneous anaphylaxis in the guinea-pig (PCA). This was the most sensitive

method used to detect antibodies against heterologous antigens. No success
was achieved using homologous antigens in the present experiment. PCA has
been described in detail elsewhere, e.g. Ovary (1958), the methods adopted in
the present work being described in a previous paper (Edwards, i960). More
than 300 guinea-pigs were used during the investigation. Solutions under test
for the presence of antibodies were injected into the skin overlying the abdomen,
and the challenging injection of antigen was made intravenously. Undiluted
washings, and sera diluted 1/100 v/v were used in most experiments, though
other dilutions were used occasionally. Between 0.6 and 0.8 ml of 1.5% ponta-
mine sky blue 6BX in saline solution were injected 4 hr later, followed after a

further 15 to 20 min by 0.5 ml of the antigen under test. The antigens employed
were 1/100 v/v egg yolk, seminal plasma of the bull or rabbit in various
dilutions, whole bull or rabbit semen containing approximately 7  10e sperma¬
tozoa/ml, washed rabbit or bull spermatozoa (same sperm concentration), or
bull semen in egg yolk citrate (1/100 v/v). The sensitized sites were examined
before the injection of antigen, and three times between 10 and 60 min after the
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PLATE  

PRECIPITINS IN THE SERUM AGAINST EGG YOLK AND BULL SEMINAL PLASMA

Fiüs.  to 3. Centre container: undiluted serum. Outer containers: egg yolk diluted 1/80 (X) and
proceeding clockwise through 1/240, 1/720, 1/2160, 1/6480, and o (saline solution). Fig. i. Serum from
non-pregnant rabbit (No. 1) after inseminations. Fig. 2. Serum from pregnant rabbit (No. 7) after
inseminations. Fig. 3. Serum from rabbit (No. 10) given intramuscular injections.
Fig. 4. Centre container: undiluted serum from Rabbit 10. Outer containers: bull seminal plasma
diluted 1/4 (X) and proceeding clockwise through 1/12, 1/36, 1/144, 1/432, and o (saline solution).
Fig. 5. Centre container: egg yolk diluted 1/80. Outer containers: sera from various rabbits, that from
No. 10 being diluted 1/2, the remainder undiluted.

(Facing p. 389)
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Antigenicity of Semen 389
injection of antigen. The degree of blueing at the sites was recorded between
none ( —) and maximal ( + + + +).

Precipitins against egg yolk and seminal plasma. Diffusion in 1 % or 2 % agar
(Ouchterlony, 1958) was used to detect precipitins. Usually, serial dilutions of
antigen were tested against whole serum. Diffusion was continued for up to 4
days at room temperature. Some plates were fixed (with 10% formalin) before
this full period.

Complement fixation. Full details of the method employed have been given
elsewhere (Edwards, i960). Sera and washings were tested for complement-
fixing antibodies against washed spermatozoa and seminal plasma.

Agglutinins against spermatozoa. Sera and washings were serially diluted, and
tested against washed, unwashed or epididymal spermatozoa. Examination
for agglutination was made microscopically, the type of agglutination being
recorded as 'tail', 'head', or 'mixed' (Henle, Henle & Chambers, 1938;
Riimke, 1959). The bull spermatozoa recovered from semen were almost
immotile when received; those in egg yolk citrate were mobile, but the egg
yolk could not be removed. The sensitivity of the agglutination tests with bull
spermatozoa was thus limited by the motility of the spermatozoa or the presence
of egg yolk.

Immobilizing antibodies against rabbit spermatozoa. Sera and washings were

serially diluted, and tested against washed, unwashed or epididymal sperma¬
tozoa. Fresh or deep-frozen guinea-pig serum, diluted 1/16 v/v, was added as
a source of complement. The motility of the spermatozoa was judged before
complement was added, and at intervals up to 90 min afterwards.

RESULTS
RABBITS INSEMINATED OR INJECTED WITH BULL SEMEN IN EGG YOLK CITRATE

Artificial insemination
The five non-pregnant rabbits which had been artificially inseminated

several times were autopsied between 8 and 14 weeks after the initial insemina¬
tion. Data obtained from PCA are shown in Table 2. Antibodies could not be
detected in the washings or sera of three of these does. The other two (Rabbits
1 and 4) possessed serum antibodies against egg yolk, the first demonstrable
antibodies being found on the 40th and 73rd days after the initial insemination.
Antibodies against bull seminal plasma or washed spermatozoa were not found,
though slight blueing at the sites injected with undiluted serum might have
been indicative of a very low titre. Precipitin fines against egg yolk, but not
against bull seminal plasma, were found in Ouchterlony plates with sera from
Rabbits 1 and 4 (PI. 1, Fig. 1). Neither complement-fixing antibodies against
bull spermatozoa or seminal plasma, nor sperm agglutinins or immobilizins
were found in sera or washings.

Two of the four pregnant rabbits (Nos. 6 and 9) had been inseminated
three times during pregnancy, Rabbits 7 and 8 six times. Rabbits 6, 7 and 8
possessed serum antibodies against both egg yolk and bull seminal plasma as

judged by PCA (Table 2). The immunological response to the inseminations
was higher in Rabbits 7 and 8. Antibodies were not found in the washings from
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390 R. G. Edwards
the uterus or the Fallopian tubes, but were present in vaginal washings from
Rabbits 7 and 8 (Table 2). The soluble antigens in egg yolk and bull seminal
plasma had evoked a greater response than bull spermatozoa ; antibodies against
spermatozoa were found in Rabbit 6 only (Table 2).

Table 2

detection by pca of the limiting titre of antibodies in sera and washings of
rabbits inseminated with bull semen in egg yolk citrate

Treatment Rabbit
No.

Solution
tested

Antigen tested

Egg yolk Bull Bull seminal
plasma

Washed bull
spermatozoa

A.I. while
non-pregnant

Serum obtained
at autopsy

1/400 to 1/1600
(40)

1/400 (73)
ntt
nt
o
o

nt
nt
o
 

A.I. while
pregnant

1/1600 (12)
1/400 to 1/1600

(22)
1/400 to 1/1600

( )
o

nt

nt

nt

nt

1/400 (34)
1/400 (22)
1/400 (22)

o

1/100 (34)
o

o

o

A.I. while
pregnant

Vaginal washings
at autopsy

1/16
1/16

nt

nt

1/16
1/4

* = killed M. butyricum added to four semen samples used for insemination.
f nt = not tested.
Figures in parentheses give the time, in days, after the initial treatment when antibodies were first

detected in the serum. The pregnant animals were bled once weekly, the non-pregnant animals every
10 days.

Precipitins against egg yolk, but not against bull seminal plasma, could be
demonstrated by Ouchterlony plates (PI. 1, Fig. 2) in the sera of Rabbits
6, 7 and 8, more lines being found than in the sera of non-pregnant Rabbits
1 and 4 (PI. 1, Figs. 1, 2, 5). Precipitins were not detected in the washings
from the reproductive tract. Complement-fixing antibodies against bull seminal
plasma were found in the serum of Rabbit 6 (Table 3). Low titres probably
existed in sera from Rabbit 8 : some lysis occurred in all tubes, though the degree
of lysis in some tubes was low (Table 3). Tests against washed bull spermatozoa
were negative. Agglutinins against bull spermatozoa were not found: some

agglutination occurred, but titres in control sera were similar.
The first appearance of antibodies in the sera of the three pregnant does, as

judged by PCA, is shown in Table 2. In two of them, antibodies against egg
yolk appeared before those against bull seminal plasma, the first detectable
antibodies being found at 12 days gestation.
Intramuscular injections

The two does given intramuscular injections (Nos. 10 and 11) were autopsied
at 12 and 14 weeks, respectively, after the primary injection of antigen. Data
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392 R. G. Edwards

on the antibodies found in their sera, as judged by PCA, are shown in Table 4.
High titres against egg yolk, bull spermatozoa and bull seminal plasma were
found in the sera of both rabbits. Antibodies were also found in the washings
from the reproductive tract (Table 4). The titres given for these washings must
be regarded as approximate, despite standardization of the amount of saline
used for washing, for the relative sizes of the organs varied greatly. Washings
from the tract of Rabbit 10 contained higher titres than those of Rabbit 11.
Rabbit 10 had a diseased ovary, which might have been a factor in stimulating

Table 4
detection by pca of the limiting titre of antibodies in sera and washings of
rabbits after intramuscular injections of bull semen and egg yolk citrate in

adjuvant

Rabbit
No.

Solution tested

Serum
Fallopian-tube washings
Uterine washings
Vaginal washings

Antigen tested

Egg yolk

> 1/6400 (22)
1/256
1/256
1/256

Bull semen

> 1/6400 (22)
nt*
nt
nt

Bull seminal
plasma

>1/6400 (22)
1/16
1/64
1/16

Washed bull
spermatozoa

>1/6400 (22)
1/16
1/4
1/4 (?)

Serum
Fallopian-tube washings
Uterine washings
Vaginal washings

> 1/6400 (22)
1/64
1/4
1/4

> 1/6400 (22)
nt
nt
nt

> 1/6400 (22)
1/4
1/4

> 1/6400 (22)
1/4

* nt = not tested.
These animals were first bled at 22 days after the initial injection.

the higher titres. In both rabbits, titres against egg yolk were higher than those
against seminal plasma. The titres against all antigens were higher than in the
inseminated rabbits.

Precipitins were demonstrable in Ouchterlony plates. Sera from both
animals gave several lines against egg yolk, and at least two against bull
seminal plasma (PL i, Figs. 3 and 4). With egg yolk, the lines were more

numerous and more intense than those obtained with sera from inseminated
animals (PI. 1, Fig. 5). No precipitins were found in the washings. Complement-
fixation tests were carried out on sera and washings from Rabbit 10 only.
Complement-fixing antibodies were present in sera against washed bull
spermatozoa and bull seminal plasma (Table 3) ; none could be found in
washings.

Sera from both animals agglutinated bull spermatozoa (Table 5). The titres
shown were probably underestimates due to the low motility of the sperma¬
tozoa. Agglutinins could not be found in washings.
Some observations on PCA with rabbit sera

Seminal plasma might adhere so firmly to spermatozoa that four washings
fail to remove it entirely. When such spermatozoa are used in PCA, the ad¬
hering seminal plasma may be sufficient to cause blueing in the sensitized skin
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Antigenicity of Semen 393
sites owing to the presence of antibodies against seminal plasma in the sera.

Accordingly, serial dilutions of seminal plasma were injected into guinea-pigs
to find the limiting dilution which caused blueing. Results are shown in
Table 6. A dilution of 1/500 v/v was the approximate limiting dilution.
When spermatozoa had been washed four times, the dilution of the original

Table 5
agglutination of bull spermatozoa by sera from rabbits io and ii

H = head agglutination.
 = tail agglutination.
TH or HT = mixed agglutination, with the type predominating given first.
Agglutination titres graded between

—

(none) and + + ++ (complete). Control sera gave titres
of < 1 /16. Approximately    o spermatozoa per sub-sample.

Table 6
pca after the injection of bull seminal plasma in various dilutions

Rabbit
No.

10
10
10

Antibody-containing
solution

Control serum
Serum at autopsy
Vaginal washings
Serum at autopsy
Serum at autopsy

Dilution of seminal plasma
1/50 1/100 1/500 1/5000

+ +++ + + + + + + +
+++ +++ +

+ + + + ++ + + ++(+?)
+ + + + +++ +

+ ?

Table 7
success of pca with various antigens

No. guinea-pigs

Antigen employed

Egg yolk
Bull Bull

seminal
plasma

Washed
bull

spermatozoa
Total
With + 4- or greater reaction 69 (96%)

30
23 (82%) 67 (94%)

56
38 (76%)

volume of semen was at least   io5, i.e. twentyfold less than the limiting
dilution of seminal plasma. It thus appeared unlikely that sufficient seminal
plasma could adhere to the spermatozoa to cause blueing.

PCA occasionally failed to occur in guinea-pigs in which the injections
appeared to be satisfactory. The data given in Table 7 was tabulated from
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394 R. G. Edwards

guinea-pigs injected with sera known to contain antibodies. Egg yolk and
seminal plasma gave more consistent results than semen or washed spermatozoa,
approximately one-quarter of those given spermatozoa failing to show positive
PCA.

RABBITS INSEMINATED OR INJECTED WITH RABBIT SEMEN

Artificial insemination
Antibodies against rabbit semen could not be detected in the sera of any of

the seven inseminated rabbits by PCA, precipitin tests, agglutination or im¬
mobilization of spermatozoa in vitro. Control sera from each doe fixed com¬

plement in reaction mixtures with washed rabbit spermatozoa or seminal

Table 8
complement-fixing titres in the sera of rabbit c before and after repeated

inseminations with rabbit semen

Type of
serum

Serum
dilution

Seminal plasma*
(dilution)

1/15 1/30 1/60

Washed spermatozoa
(dilution)\

1/1 1/2 1/4
Control 1/10

1/20
1/40
1/80

> + +
-

+ +
+ + + +
+ + + +

+
+ +

-

+
+ + +

+ + + + +
+++ +++

Obtained after
insemination

I/IO
1/20
1/40
1/80

o

+ ++ +-
+ + + + +

+++ +++

+
+ +

+ + +
+++

* Seminal plasma obtained from semen.

t Dilution of 1/1 contained ixio' spermatozoa/ml.
Blanks = + + + + lysis.

plasma separated from semen (Table 8), but not with seminal plasma from a

vasectomized male. In six of the rabbits, the titres remained unchanged after
insemination. The titre declined in the seventh doe (Table 8).

Washings from the reproductive tract of the does did not contain antibodies
as judged by PCA, precipitin tests, complement-fixation or immobilization
tests. However, washings from untreated rabbits caused head agglutination of
rabbit spermatozoa in vitro. This effect was not abolished by heating to 56o C
or ioo° C for 20 min (Table 9) and could hardly be due to antibodies against
spermatozoa. Washings induced tail and head agglutination shortly after the
addition of spermatozoa, though the great majority of spermatozoa showed
typical head agglutination after 20 to 30 min. Some of these unheated washings
were added to spermatozoa which had been previously agglutinated by sera

(see below) ; the degree of head agglutination increased, although the titres
remained substantially the same.

Washings from the reproductive tract of the inseminated animals caused
head agglutination similar to that caused by washings from control rabbits.
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Intramuscular injections
The five animals given intramuscular injections were autopsied between

5 and 12 weeks after the initial injection. PCA did not reveal antibodies in sera

or washings. Precipitins were not detected against rabbit seminal plasma in
sera or washings except in the sera obtained from Rabbits G and  after the
injection of semen and adjuvant. With this serum, a single precipitation line
occurred, the line being identical whether the seminal plasma was obtained
from semen or from a vasectomized buck. No precipitins were detected against
a solution obtained by fragmenting epididymal spermatozoa in a Mickle
disintegrator.

Complement fixation occurred in reaction mixtures containing normal
sera and either washed rabbit spermatozoa or seminal plasma obtained from
semen, but not with seminal plasma from a vasectomized male. After the in¬
jection of semen and adjuvant, complement-fixing titres were unchanged in
three of the rabbits. In Rabbit K, serum complement-fixing activity was found
against seminal plasma from a vasectomized buck (for details, see Edwards,
i960), and there was some increase in titres against washed and epididymal
rabbit spermatozoa. The rise in serum titres appeared to be mainly against
seminal plasma. Washings from the genital tract did not fix complement in
mixtures with rabbit spermatozoa or seminal plasma.

Agglutinins against homologous spermatozoa were detected in the sera of
all five rabbits after the injection of semen and adjuvant, though the titres were
low in three of them (Table 10). The highest titre causing agglutination of
washed or epididymal spermatozoa was 1 /512 in serum from Rabbit  obtained
56 days after the initial injection (Text-fig. 1). Tail, head, and mixed agglutina¬
tion was observed; epididymal spermatozoa showed more head agglutination
than washed spermatozoa. Washings from the reproductive tract caused only
head agglutination of spermatozoa, similar to that caused by washings from
control rabbits.

Immobilizing antibodies against washed, unwashed and epididymal sperma¬
tozoa were found in sera from Rabbits  and L after the use of adjuvant, the
titre being high in Rabbit  (Table 10). Epididymal spermatozoa were im¬
mobilized more slowly than unwashed spermatozoa, though the final titres
against both were similar. Immobilizing antibodies were not found in washings
from the reproductive tract of any of the rabbits, before or after injection.

DISCUSSION

Homologous semen is weakly antigenic in rabbits. After the use of adjuvant,
serum antibodies were formed in two of the five rabbits as judged by the
presence of complement-fixing antibodies against seminal plasma obtained
from a vasectomized buck, precipitins against a component of seminal plasma,
sperm agglutinins, and sperm-immobilizing antibodies. Since agglutination of
homologous spermatozoa is caused by antibodies against seminal plasma
(Weil & Finkler, 1959), there is little or no evidence for the induction of iso-
antibodies against spermatozoa as such. It is not clear why antibodies against
rabbit seminal plasma were not detected by PCA, especially in view of the
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sensitivity of this technique in revealing rabbit antibodies against bull seminal
secretions. Fixation of complement is evidently required in PCA, though the
fixation appears to differ from that occurring in other tests (see Edwards,
i960; Lundqvist & Norden, i960).

Previous evidence on isoantibodies against spermatozoa in the rabbit, and
perhaps in other species also, must presumably now be considered as due to
antibodies against seminal plasma, especially in view of Weil & Finkler's work.

Table 10

highest sperm-agglutination and immobilization titres in the serum of rabbits

injected with semen and adjuvant

Rabbit

G
I
J
 
L

Control sera*

Agglutination Immobilization

<i/i6
<i/i6

1/32
1/16
1/16

Sera obtained after injection^
Agglutination Immobilization

1/64
1/64
1/64
1/512
1/256

1/3888
1/128

* Mainly head agglutination except for Rabbit J, which also showed tail agglutination,
t Considerable amounts of tail and mixed agglutination.

oc

1/256-

1/64
-

1/16
-

OO

LOG TIME (DAYS)
Text-fig. i. Sperm-agglutination titres in the serum
of Rabbit  at various intervals after the initial
injection of rabbit semen plus adjuvant.

Weil, Kotsevalov & Wilson (1956) previously suggested this explanation for
human sperm isoagglutinins, and Rtimke & Hellinga (1959) have recently
indicated that these isoagglutinins and isoimmobilizing antibodies are actually
antibodies against seminal plasma lipoproteins. Some caution is necessary in
interpreting data on the distribution of antigens in spermatozoa and seminal
plasma, however, for various compounds diffuse from spermatozoa into the
surrounding medium (Mann, 1954) and spermatozoa and seminal plasma are
known to share common constituents (Pernot, 1956; Pernot & Szumowski,
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1958). Several previous workers used epididymal spermatozoa to obtain iso-
antibodies, e.g. complement-fixing antibodies in the rat and rabbit (Henle, 1938),
and isoagglutinins in mice (Snell & Poucher, 1943; Snell, 1944). In these
cases, the antigen on the spermatozoa must have originated in the testis or

epididymis; it could thus arise in or become coated on to epididymal sperma¬
tozoa, and also be found in the seminal plasma on ejaculation. Some recent
results by Weil (i960) lend no support to this suggestion, however. Neverthe¬
less, the presence of such an antigen would explain the slight rise in comple¬
ment-fixing titre against epididymal spermatozoa in one of the injected rabbits
in the present experiment, the agglutination and immobilization of epididymal
spermatozoa which had not been in contact with ejaculated seminal plasma,
and the difficulty in inducing antibody formation with washed spermatozoa as
found by Weil & Finkler (1959). There seems no doubt that isoimmunization
against spermatozoa is responsible for the considerable response of guinea-
pigs to challenge with homologous testis or spermatozoa. Immobilizing and
complement-fixing antibodies against spermatozoa, skin sensitivity, anaphyl¬
axis, female infertility and aspermatogenesis follow the challenge (Voisin,
Delauney & Barber, 1951 ; Freund, Lipton & Thompson, 1953 ; Katsh, 1958,
1959; Katsh & Bishop, 1958; Waksman, 1959; etc.). One antibody responsible
is considered to be against protamine in the sperm head (Holborow & Weir,
1959; Baum, 1959).

The use of homologous semen was of little or no value in determining the
passage of antibodies or antigens between the reproductive tract and the
systemic circulation of the rabbit. If precipitins or complement-fixing anti¬
bodies existed in the reproductive tract at titres similar to those in serum, the
inevitable dilution of the tract solutions during recovery would probably
preclude the detection of such antibodies. Moreover, the head agglutination
caused by washings from the tract led to difficulties in comparing agglutinin
titres in serum with those in washings. After the intramuscular injection of
semen and adjuvant, high titres of immobilizing antibodies were found in the
serum, but not in the tract of one rabbit. Little reliance can be placed on this
isolated observation. Antibodies were not found in the serum or the tract after
the artificial insemination of rabbit does with homologous semen.

The use of bull semen in egg yolk citrate induced antibodies in the systemic
circulation and in the reproductive tract. After intramuscular injection with
adjuvant, antibodies against egg yolk, bull seminal plasma and bull sperma¬
tozoa were found in the serum and throughout the reproductive tract. Anti¬
bodies, rather than antigens, would seemingly be carried to the tract: uterine
antibodies were not found after artificial insemination, and it is known that
antibodies are secreted into the uterus during pregnancy (Brambell, Hemmings
& Henderson, 1951). Moreover, it appears unlikely that antigen would be
distributed throughout the genital tract following intramuscular injection. In
cattle, transfer of serum antibodies into the reproductive tract was not found
(e.g. Pierce, 1953; Kerr, 1955). A species difference may exist between cattle
and rabbit, though the higher serum titres coupled with the sensitivity of the
PCA test were of considerable value in detecting tract antibodies in the present
work.
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Intravaginal deposition (artificial insemination) of bull semen in egg yolk

citrate caused the local production of antibodies against bull seminal plasma
and egg yolk in the tract, for two of the nine rabbits possessed vaginal but not
uterine or tubai antibodies. Serum antibodies against one or both of these
antigens were found in five of these rabbits, which suggests that antigens could
be carried from the reproductive tract into the systemic circulation without
stimulating the formation of detectable amounts of antibodies in the vagina.
None of these five rabbits possessed demonstrable uterine or tubai anti¬
bodies; the failure of the serum antibodies to enter the genital tract was

perhaps due to the lower serum titres in these animals than in those given
intramuscular injections with adjuvant. Except for a low serum titre in one

rabbit, antibodies against bull spermatozoa did not result from artificial
insemination (see also Parsons & Hyde, 1940).

Higher titres and a greater variety of antibodies were found in the sera and
vaginae of rabbits inseminated during pregnancy. The vagina enlarges con¬

siderably during pregnancy (Huggett & Hammond, 1952), and the increased
immunological response may be due to the presence of more antibody-forming
cells, an increased permeability of the tissues, more antigen being deposited,
or, in two rabbits, to the more frequent inseminations. There was no sign of
tissue injury to these animals, though they had to be held firmly to prevent
struggling. The luteal control of the uterus during pregnancy did not appear
to be a factor in the increased response, since the non-pregnant animals were

necessarily inseminated several times during pseudopregnancy. The intention
behind this part of the experiment was to have antigens in the tract when
implantation and foetal regression occurred ; Henderson ( 1954) has shown that
leucocytes transport fragments of resorbing foetuses deeply into uterine tissues.
But the detection of antibodies in the vagina and not in the uterus, and the
appearance of serum antibodies at 12 days gestation, showed that the antigenic
stimulus occurred independently of implantation.

The heat-stable factor in washings from the tract of control rabbits which
caused head agglutination of homologous spermatozoa in vitro is presumably
similar to that causing agglutination in utero (Chang, 1957). This factor may
also be involved in the complement-fixing activity of serum with spermatozoa,
in the sperm-agglutinating properties of fresh serum (Chang, 1947), and be
similar to the fertilizin-like activity causing sperm agglutination around
mammalian eggs (Bishop & Tyler, 1956). Conversely, the effect found by
Bishop & Tyler may be due to contamination of the eggs with the agglutinating
factor from the tract. Tract washings did not de-agglutinate spermatozoa
previously agglutinated by serum antibodies. Anti-agglutinins in the tract
(Smith, 1949) may be effective against antibodies to heterologous spermatozoa,
but not against those to homologous spermatozoa.
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