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Summary. In many species the appearance of oestrus is sufficient to ensure that the time
of ejaculation, sperm transport and capacitation are balanced with the time of ovula-
tion. In the pig these phenomena vary considerably and require additional regulatory
mechanisms which are partly explained by seminal components.

Boar semen is rich in oestrogens (up to 11.5 pg/ejaculate). Infusion of saline
with the addition of oestrogens in physiological amounts increased the myometrial
contraction frequency up to 2.5-fold. This effect is explained by a release of PGF-2a
immediately after oestrogen infusion. Such an infusion also raises peripheral oestrogen
concentrations and an effect on LH release can be demonstrated. Additionally, PGF-
2a is measurable in uterine vein plasma after oestrogen infusion and is transferred into
the follicular fluid. The effect of oestrogens on LH and follicular PGF-2a is likely to
contribute to the timing of ovulation in response to mating.

A specific protein of Mr 100 000-110 000 has been detected in boar seminal plasma
and it exerts a strong immunosuppressive effect. This protein may be involved in a
protection of spermatozoa but also of early embryos against female immunological
attack. The addition of such specific compounds to AI doses, in which seminal plasma
is diluted, may improve prolificacy.
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Regulatory mechanisms which ensure fertilization

The pig is a polytocous spontaneous ovulator. The occurrence of the standing reflex is regarded as
the main mechanism to time the cascade of physiological events leading to fertilization. The
phenomena involved, however, vary considerably in their time relationships and point to a need for
additional regulatory mechanisms.

After ejaculation of high volumes into the uterus, spermatozoa are transported to the oviduct
by contractions of the myometrium. At 15 min post coilum the uterus is still full of semen (Hunter,
1982), but most of the seminal plasma is resorbed by about 2 h later (Hunter, 1973) or lost due to
cervical backflow (Einarsson & Viring, 1973). Also most of the spermatozoa have-disappeared and
the remaining spermatozoa in the uterus loose motility (First et al., I968a, b). Viable spermatozoa
first appear in the oviduct as early as 15-30 min after artificial insemination (Al) (First et al.,
I968a). Thereafter a fairly constant number of spermatozoa is maintained in the utero-tubal junc-
tion and the lower part of the isthmus for about 6-24 h. Within the following 2 days spermatozoa
disappear gradually (see First et al., I968a; Polge, 1978; Viring & Einarsson, 1981). A rapid trans-
port through the uterus and the storage in the upper part of the genital tract seem to be necessary to
protect spermatozoa against immunological attack, e.g. by a post-coital invasion of polymorpho-
nuclear leucocytes into the uterine lumen (Lovell & Getty, 1968; Hunter, 1984). These leucocytes
apparently do not enter the isthmus (Flechon & Hunter, 1981).
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Capacitation of spermatozoa, which takes several hours (Hunter & Dziuk, 1968; Imai et aL,
1979), does not depend on the uterine milieu and may also occur in the oviduct. As capacitated
spermatozoa are unstable cells (Bedford, 1970; Chang & Hunter, 1975) and ovulation may be
delayed, the isthmus seems to have a protective role by arresting capacitated spermatozoa and
redistributing them :during the periovulatory period. It was suggested that constituents of boar
seminal plasma support these mechanisms by modifying the contractile activity of the caudal
isthmus (Hunter, 1984).

Ovulation in the pig may occur 40-42 h after onset of behavioural oestrus (Hunter, 1984). This
interval, however, is highly variable, e.g. the interval from onset of standing heat until a rise of
progesterone above I ng/ml plasma (demonstrating luteinization as a consequence of ovulation)
was 42 + 19-9 h (mean + s.d., N = 25) (unpublished observations). Similarly, maximal concen-
trations of the preovulatory LH surge may coincide with the onset of behavioural oestrus. In about
20-30% of sows, however, the LH peak occurs as early as I day before or as late as 1 day after the
onset of the standing reflex (van de Wiel et at, 1981; Foxcroft & van de Wiel 1982; Guthrie et aL,
1972; Tilton et at, 1982). Also a high variability was demonstrated (see Fig. 1) for the LH surge in
relation to the drop of oestradiol concentrations (signalling ovulation) and additionally the
increase of progesterone concentrations.
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Fig. 1. Profiles of oestradio1-1711, LH and progesterone in two sows kept without boar contact.
The LH maximum either occurred 19 h before the oestradiol maximum (a) or 12 h after the
maximum (b), but an increase of progesterone above 1 ng/ml in relation to the oestradiol maxi-
mum followed similarly after 43 h or 49 h (R. Claus, C. Hoang-Vu & U. Weiler, unpublished
observations).
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Natural mating compared with Al in the pig leads to higher conception rates and increased
litter sizes, probably due to a higher fertilization rate (Skjervold, 1975; Brandt & Glodek, 1984).
This difference cannot be explained by the volume and sperm number used for Al (Baker et al.,
1968) and points to additional regulating stimuli provided by the boar. There is evidence that
seminal plasma constituents are involved.

Hormones in semen with effects on female reproductive functions

Hormones in semen with an oxytocic effect have been measured in several species including the
boar. Seminal prostaglandins (PGF-2ct and PGE-2) may reach total amounts of several micro-
grams per ejaculate in men and rabbits (Mann & Lutwak-Mann, 1981), but average concentrations
in boar semen are <0-5 ng/ml for both prostaglandins (Hunter, 1973, 1982; Hashizume, 1984).
Also, oxytocin concentrations in boar semen were below the assay sensitivity (1-5 pg/ml; Sander-
Richter, 1986). Thus, even with regard to the high volume of boar ejaculates, total amounts of these
hormones are unlikely to exert physiological effects in the female genital tract.

Seminal oestrogens: a peculiarity of the boar

Testicular steroids, such as testosterone, 5a-dihydrotestosterone, 5a-androstenone and conju-
gated and unconjugated oestrogens which are measurable in the blood plasma of the boar, also
occur in semen. Although the concentrations of the C-I9 steroids in seminal plasma are only IO%
of those in blood plasma, concentrations of conjugated and unconjugated oestrogens are about
300% in seminal plasma compared to blood plasma (Claus er at, 1983, 1985). As found in human
semen (Allag et at, 1983), oestrogens in the boar are unspecifically bound to the sperm surface, and
so oestrogen concentrations in whole semen are about 2-fold compared to seminal plasma (Claus
et at, 1985). It is likely that spermatozoa act as a carrier protein because the major part of the
oestrogens originates from the seminiferous tubules and accessory glands contribute only about
15% of the seminal oestrogens as shown by vasectomy (Claus et al., 1985). In semen conjugated
oestrogens are mainly represented by oestrone sulphate and unconjugated oestrogens by oestrad iol
and oestrone. Due to the high volumes of ejaculates, amounts up to 11-5 pg (5 pg oestradiol, 2 pg
oestrone and 4.5 pg oestrone sulphate) have been measured in semen (Hoang-Vu, 1987). Such
amounts are likely to exert physiological reactions in the female.

Influence of seminal oestrogens on uterine contractions

Spontaneous uterine contractions are under the control of progesterone and oestrogens, as also
shown for the pig by measuring the electromyographic activity throughout the cycle (Claus et al.,
1989). In the ewe and the rabbit intramuscular application of oestradiol improved sperm transport
and higher numbers of spermatozoa were recovered from the uterus and oviduct (Hawk & Cooper,
1976; Hawk er al., 1975). In the pig, seminal plasma increases uterine contractions, but this effect
could not be ascribed to specific seminal components (Einarsson & Viring, 1973).

The infusion of 100 ml saline with or without oestrogens in amounts which physiologically
occur in semen of boars (see above) influenced the electrical myometrial activity. The frequency of
contractions increased significantly about 2-fold after both treatments, whereas the duration
remained unchanged at 30 sec. The increase in frequency tended to be higher after saline with
oestrogens. Mechanical stimulation of the cervix by transcervical infusion or 100ml saline also
increased the contraction frequency.

The infusion of volumes of only 10 ml through uterine lumen catheters excluded mechanical
stimulation and clearly demonstrated that oestrogens specifically increase the contraction fre-
quency in the sow (Fig. 2; see also Fig. 8). Compared with the spontaneous contraction frequency
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Fig. 2. Hourly means (±s.e.m.) of the contraction frequency (electrical rnyometrial activity)

after intrauterine infusion (vertical dotted line) of 10ml saline with (N = 4) or without (N = 4)
the addition of 11-5pg oestrogens. (After Hoang-Vu, 1987; Claus et al., 1989.)

at Day 0 this increase was about 2-fold and significant from the 2nd until the 4th hour after

infusion.

These results explain why natural mating and Al lead to increased contraction frequencies of

the myometrium (Docke & Worch, 1963; Zerobin, 1968; Bower, 1974). The effect of a mechanical

stimulation also explains why volumes of at least 50 ml are required to obtain suitable results with

AI (Stratman & Self, 1960). The specific effect of seminal oestrogens, which is independent of

volume, may be regarded as a biological safety mechanism for cases of low ejaculate volumes and

loss due to cervical backflow.

A release of oxytocin via the Ferguson reflex due to mechanical stimulation of the genital tract

has been shown in cows (Schams e at,.1982). In the pig Mating led to a dramatic increase of

oxytocin in peripheral plasma (see Fig. 8), whereas 'insemination' of 100 ml saline increased oxyto-

cin only in I. of 6 sciws (R. Claus & D. Schams, unpublished observations). Therefore, the increase

in the contraction frequency after 'insemination' of 100 ml saline is probably due to a stimulation of

mechanical receptors similar to the induction of peristaltic contractions of the digestive tract in

response to the volume of food (Hunt & McDonald, 1954).

Influence of seminal oestrogens on uterine release of PGF-2a

It is known that PGF-2ct .stimulatenhe contractions of the myometrium in various species

(Patil el at, 1980; Garcia-Villar el al., 1985). Oestrogens stimulate the synthesis and release of

PGF-2ct by the endometrium (Ham el al., 1975;•Pakrasi et at, 1983; Jouanen el al., 1985).

Intrauterine application of 10 pg amounts of oestrogens (oestrone, oestradiol or oestrone

sulphate: simulation of seminal oestrogens) during total anaesthesia may lead to a sudden rise of

the PGF-2a concentrations in the uterine vein within 1 min after infusion (Claus er at, 1987). A

coincident increase of uterine contraction waves in the tubal direction was clearly visible on the

exteriorized uterus.

Infusion of oestrogens to a limited number of conscious sows with chronic catheterization of a

uterine vein clearly confirmed the uterine origin (Fig. 3). Additionally, these experiments showed

that oestradiol leads to a specific rise in the PGF-2a concentrations when infused at Day 0, but
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Fig. 3. PGF-2n in the uterine vein plasma of a sow with a chronic uterine vein catheter. Trans-
cervical infusions (vertical dotted line) of 100ml saline (NaC1) or saline with the addition of
10pg oestrone sulphate (0e1-S) or 10 pg oestradio1-170 (0e2) were carried out at Day 0 of
consecutive cycles (Claus el aL, 1988).

not 1 day later (R. Claus, H. D. Meyer, T. Gimenez, C. Hoang-Vu & E. Minister, unpublished
observations).

Measurements or the prostaglandin metabolite (PGFM) in peripheral plasma confirmed this

specific effect or oestrogens on PGF-20. release. A dramatic increase was measurable after infusion

of 10 pg oestradiol in saline and after natural mating with intact boars. Treatment with 100 ml

saline led to. only a slight increase. With natural mating the period of increased concentrations was

extended up to 4 h (example included in Fig. 8). The resulting biphasic pattern of elevated PG
concentrations is probably explained by the binding of oestrogens to spermatozoa. Free oestrogens

may be responsible for a first rapid increase, whereas the release of sperm-bound oestrogens.leads

to a prolonged period of high PGFM concentrations. This might lead to •prolonged periods of

increased uterine contractions.

Thus seminal oestrogens, via PGF-2a, improve sperm transport and are an important part of

the regulating system leading to fertilization. Additional mechanisms, however, are required to
optimize the time of ovulation in relation to sperm deposition in the uterus.
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Fig. 4. Oestradiold 713concentrations in the uterine vein plasma of 2 sows under total anaesthe-
sia before and after transcervical infusion (vertical dotted line) of either 100 ml saline (NaC1) or
saline with the addition of 10 pg oestradio1-1713. (After Claus er at, 1987.)

Do seminal oestrogens influence ovulation?

The presence of the boar is partly effective in influencing the timing of events. Oestrus in re-
lation to the oestradiol maximum occurred earlier in sows kept in the presence of boars than in the
absence of boars. Also, LH concentrations were significantly higher at maximal standing reflex
(2-62 ± 1-65 vs 0-99 + 0-67 ng/ml) under boar stimulation (Claus, 1989). Similarly, the LH peak
occurred more in synchrony with oestrus in sows with extensive boar contact (Kirsch et at, 1985).
Boar exposure also induces prolactin peaks, which could play a role in oestrous behaviour (Prunier
er al., 1987).

Apart from the boar's presence, mating itself provides additional stimuli and shortens both the
interval from onset of oestrus to ovulation and the duration of ovulation (Signoret er al., 1972).
Higher concentrations of LH in blood were measured immediately after mating (Guthrie et at,
1972; Tilton el at, 1980) and coitus prolonged the LH surge (Ziecik er al., 1981).

Simulation of seminal oestrogens by intrauterine infusion of 10 pg amounts of oestrogens in
saline at Day 0 increased the oestrogen concentrations in blood plasma. A rise in uterine vein
plasma (see Fig. 4) occurred within minutes after infusion and also in peripheral plasma with a
maximum at about 10 min. On average, infusion of 10 pg oestradiol in 100 ml saline in 6 sows led to

a 37% increase in peripheral oestradiol (P < 0-001) concentration and additionally to a 55% in-
crease of oestrone sulphate (P < 0-001). A dose of 10 pg oestrone increased peripheral oestrone
concentrations by 13% (P < 0-001) and oestrone sulphate by 25% (P < 0-001). In contrast, oes-
trone sulphate and saline had no effect (Claus el at, 1987). After mating with intact boars high
peripheral concentrations of oestradiol were also measurable (example, Fig. 8).

Such a peripheral oestrogen increase, superimposed on the endogenous levels, may be involved
in the positive feedback leading to the LH surge and ovulation.

'Insemination' of sows kept without boar contact with 10 pg oestradiol in 100 ml saline at Day 0
indeed seems to influence LH release, but not necessarily ovulation as demonstrated with 2 extreme

examples (Figs 5 & 6). Figure 5 represents an insemination at maximal standing reflex which
occurred during the drop of peripheral oestradiol values and already increased LH concentrations.

Oestradiol 'insemination' amplified the peripheral increase of oestradiol and seemed to stimulate an

additional LH release. In another sow, standing heat occurred when oestradiol had already dropped

Oestradiol
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Fig. 5. Profiles of oestradio1-170, LH and progesterone in a sow without boar contact. Trans-
cervical infusion of 10 pg oestradiol (vertical dotted line) at the day of maximal standing reflex
led to an additional increase in oestradiol and LH. The LH concentrations were below the
assay sensitivity before the preovulatory risc and were still elevated during rising progesterone
(R. Claus, C. Hoang-Vu & U. Weiler, unpublished observations). .

(Fig. 6). Infusion with oestradiol led to oestradiol concentrations above the preovulatory level and
induced an LH release when progesterone was already rising. Apparently ovulation had occurred
in the presence of low LH concentrations. Seminal oestrogens may therefore lead to LH release.
This' LH surge might influence ovulation if the presence of the boar leads. to the proper timing of
behavioural oestrus. In addition, a supporting role of PGF-2a for ovulation has to be considered
(see Lipner, 1988).

Follicles respond to the preovulatory LH surge with an increased intrafollicular prostaglandin
synthesis. These prostaglandins stimulate the activity of enzymes, such as collagenase and elastase
(Evans er at, 1983), which are involved in follicular rupture (see Lipner, 1988). In the pig the
increase of enzyme activity before ovulation has been demonstrated. A parallel preovulatory rise of
PGF-2a and PGE-2 has been measured in the follicular fluid (Ainsworth er at, 1975; Armstrong,
1981; Evans er at, 1983; Gimeno et al., 1985; Hunter & Poyser, 1985). ' •

The inhibition of prostaglandin synthesis, e.g. by indomethacin, is effective in inhibiting oVula-
lion in the rabbit (Okamura el al., 1985), the rat (Tsafriri er at, 1972) and the pig (AinswortIver at,

1979; Downey & Ainsworth, 1980; Yamada er al., 1984) but not in women (Landgren er at, 1985).
Substitution of PGF-2a but not of PGE-2 in indomethacin-blocked pigs reversed the ovulation
blockade (Downey & Ainsworth, 1980).
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Fig. 6. Profiles of oestradio1-1713, LH and progesterone in a sow without boar contact. The
drop in oestradiol occurred in the presence of low LH. Transcervical infusion of 10pg oestra-
diol (vertical dotted line) at the day of maximal standing reflex increased peripheral oestradiol
and LH values. Maximal LH concentrations occurred during rising progesterone (R. Claus, C.
Hoang-Vu & U. Weiler, unpublished observations).

Uterine PGF-2a reaches the ovary by countercurrent exchange to induce luteolysis. In the pig,

the lymphatic circulation also seems to ensure transport to the contralateral ovary (Kotwica al.,

1983). Uterine PGF-2a is slightly elevated at Day 0 (see also Fig. 8) and is further increased by the

presence of seminal oestrogens. Apparently PGF-2ct reaches the follicles and contributes to intra-

follicular PGF-2a concentrations. Parallel measurements in uterine vein and ovarian artery after

uterine oestradiol infusion demonstrated the effectiveness of these transfer mechanisms during oes-

trus. Additionally, infusion of [3H]PGF-2a into a uterine vein and partial recovery in the follicular

fluid confirmed these transfer mechanisms (Claus, 1989).

Experiments were first carried out to see whether uterine PG release contributed to ovulation

(Zottl, 1988). Sows were pretreated with indomethacin during the follicular phase (experimental

details see Fig. 7). In one group uterine PGF-2a release was simulated by an infusion of 5 mg

PGF-2a into the uterus. Figure 7 shows that indomethacin treatment effectively suppressed PGFM

concentrations in peripheral plasma, compared with the controls. Infusion of PGF-2a led to a

peripheral rise of PGFM, which was similar in magnitude to the increased concentrations found

after infusion of oestradiol into the uterus. In contrast to other studies (Downey & Ainsworth.

1980) all sows ovulated and remained cyclic. The treatments, however, were effective in changing

the time-relationships between the LH surge, the drop in oestradiol, and the increase in

progesterone which reflects ovulation (Table I). Indomethacin, compared with controls, increased

the interval from the LH maximum until a decrease of oestradiol below 20 pg/ml for more than I

day. Similarly the period from the LH maximum until an increase of progesterone above 1 ng/ml
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Fig. 7. PGFM concentrations (mean + s.e.m.) in peripheral plasma of sows which were
injected i.m. (arrows) with 7.5 mg indomethacin (Indo)/kg bodyweight at 0, 24 and 48 h (Hour
0 = 2 days after decrease of progesterone below 2 ng/ml). Intrauterine infusions were carricd
out with 200 ml saline (Indo + NaCI) or 200 ml saline + 5 mg PGF-2a (Indo + PGF-2a) at
Hour 48. Untreated sows served as controls. (From ZOttl, 1988.)

increased from 18 to 51 h. Although concentrations of progesterone were identical in all groups 2
days before the first indomethacin treatment (Day 0, see Fig. 7), significant differences became
obvious between Days 6 and 7 between controls and those treated with indomethacin + NaCI
(Table I). Additional application of PGF-2a resulted in at least partly normal time relationships
and differences between the two groups were not significant. This pilot study, with only a few
sows included, so far at least supports the hypothesis that PGF-2a, as a consequence of seminal
oestrogens, is also active at the ovarian level.

Effects of seminal components on the female immune system

The mechanisms described so far for seminal oestrogens contribute to an optimization of the time
relationships leading to fertilization. Quantitative aspects such as a high survival rate of spermato-
zoa in the female genital tract also contribute to a high fertility (Polge, 1978). In some animal
species a lowered fertility due to immune reactions of the female have been reported (see Veselsky
et al., 1981).

As in other species, sperm surface proteins and glycoproteins of the boar play an important role
in capacitation, the acrosome reaction, the interaction with the egg zona and the fusion with the egg
plasma membrane (Flechon, 1979; Peterson et al., 1984, 1987; Saxena et at, 1986; Klint et at,



126 R. Claus

oo

a

O 50

1.1

.. .

--En

2
0

a_

4


2

0 ITT—I— TrnArrIT

Fig. 8. Oestradio1-1713, PGFM and oxytocin concentrations in a sow before and after natural
mating (vertical dotted line). For comparison, the electromyographic activity of another sow
before and after insemination (arrow) with 100 ml of an ejaculate is included. (After Claus ei

at, 1988; Hoang-Vu, 1987; and R. Claus & D. Schams, unpublished data.)

1987). Surface modifications occur during spermatogenesis (Klint ei al., 1987) and epididymal


maturation (Saxena et al., 1986), and secretions of the accessory sex glands at ejaculation contrib-




ute to the sperm membrane polypeptide profile (Russell el at, 1984). The continuous changes in
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Table I. Relationships (mean + s.d.) between endocrine events

around ovulation in untreated sows (controls) and sows in which the

endogenous prostaglandin synthesis was blocked by indomethacin


instilled with saline or PGF-2ct (5 mg) into the uterus




Controls
= 3)




Indomethacin

PGF-2a

(N = 5)

NaCI

(N = 5)

LH—oestradiol <20 pg/ml
(h)

24 ± I l' 31 ± 14' 57 ± 23'

LH—progesterone > 1 ng/ml
(h)

18 + 22' 28 + 25" 51 + 3"

Progesterone at Day 6

(eg/n0)

5.3 ±1.2' 4-8 +1.1" 3-4 +0-8"

Progesterone at Day 7
(ng/ml)

7-4 ±1.8' 5-4 ±1.1" 4.2 ±1.0"

Values with a different superscript leiter are significantly different, P < 0.05.

sperm surface proteins within the male genital tract partly explain why a low probability exists that
spermatozoa are eliminated by autoimmune responses (see Haas & Beer, 1986).

These surface structures are also potential antigens within the female reproductive tract (e.g.
Haas & Beer, 1986; Ansbacher, 1981). In domestic animals, however, the danger of immunization
of the female is substantially smaller than in man because individuals are mated or inseminated
only a few times during their reproductive lives (Matousek, 1985).

Immunization of sows with boar spermatozoa has led to detectable antisperm-antibody titres,
but subsequent mating did not demonstrate an effect on the sow's fertility (Veselsky et at, 1981).
The rapid transport of spermatozoa through the uterus of the sow may help to protect spermatozoa
against immunological attack. Additionally, immunosuppressive mechanisms clUe to seminal
components have to be considered as has been shown in the rat (Stites & Erickson, 1975). An
immunosuppressive factor in boar semen is derived from the seminal vesicles (Stanek er al., 1985).

Intrauterine deposition of killed semen in addition to normal semen or before mating increased
reproductive efficiency in gilts (Murray er al., 1983; Murray & Grifo, 1986) and may point to an
immunosuppressive function of boar semen.

The rosette inhibition test (R1T: inhibition of the formation of spontaneous rosettes between
lymphocytes and heterologous erythrocytes by antilymphocyte sera) is considered to reflect an
immunosuppression and has been used to demonstrate an early pregnancy factor in the pig as early
as 4-6 h after mating (Koch er al., 1983; Koch & Ellendorff, I985a). It has been shown, however,
that mating with a vasectomized boar as well as intracervical infusion of seminal plasma led to an
inhibition of rosette formation up to 24 h after mating. Similarly, preincubation of pig lymphocytes
with dilutions of seminal plasma was also effective (Koch & Ellendorff, I985b), confirming that
these effects are due to immunosuppressive functions of boar seminal plasma.

Several components in seminal plasma have been discussed as possible candidates for an
immunosuppressive function in other species, including opioid peptides which could, for example,
explain an inhibitory effect of semen on human lymphocyte T rosette formation (Shu-Dong et al.,

1982). This effect is prohibited by naloxone (see Fabbri er at, 1986). Prostaglandins have also been
considered as likely candidates (see Stites & Erickson, 1975), because natural killer cell function is
inhibited by I9-hydroxy-PGE in human seminal plasma (see Aitken er al., 1986). Additionally,
oestradiol induces a significant decline in immunoglobulins which has been demonstrated in the
genital tract of various species (see Haas & Beer, 1986). This, however, does not automatically
point to another role of seminal oestrogens, because they disappear soon after Al or natural
mating.
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Bovine seminal plasma has an immunosuppressive activity against mouse and bovine

lymphocytes (see Fahmi ci at, 1985). This inhibitory effect has been attributed to proteins with

molecular weights of 50 000, 100 000 and 150000 (Prakash al., 1976; Fahmi el al., 1985). Similar
proteins have also been found in human seminal plasma (Pitout & Jordaan, 1976). Immuno-

suppressive proteins have been detected in boar seminal plasma: one has a molecular weight of

> 500 000 and another has an Mr of 100 000-110 000. The former seems to be an aggregation of the

latter protein (Bouvet el al., 1986). Most of the immune functions, with the exception of killer cell

activity, are suppressed by this protein (Bouvet el at, 1987). Pronase digestion down to fragments

of A4,2000-5000 did not change optimal immunosuppressive activity.

It is likely that these functions are not only limited to the protection of spermatozoa during

their rapid transport through the uterus. Rosette inhibiting function after mating with a vasecto-

mized boar was maintained up to 48 h after mating (Koch & Ellendorff, I 985b). These mechanisms

might also therefore protect the embryos against immune attack until they have developed their

own ability to suppress the immune system of the sow, e.g. by release of an early pregnancy factor.

An immunosuppression seems to be a doubtful mechanism, however, in a species in which
ejaculation occurs into the uterus and an elimination of microbes is necessary. In the bull an anti-

microbial protein (seminal plasmin) has been detected (Scheit er al., 1979). It effectively inhibits the

growth of a variety of Gram-positive and Gram-negative bacteria as well as of yeast cells (Scheit et

al., 1979). A synthetic DNA coding for this protein has been obtained and cloned in E. coil (Preuss

et al., 1987). So far, however, boar semen has not been analysed for this substance.

Studies on seminal oestrogen function, including unpublished observations, were supported by

the Deutsche Forschungsgemeinschaft.
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