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Table 1. Effect of immunization with a synthetic fragment of human inhibin (ILP) or pig inhibin
o-subunit (pla) on oestrus and ovarian response in ewes superovulated with 16 U ovine FSH (oFSH)
(mean + SEM)

Group I (Control) Group I Group III
Treatment oFSH ILP + oFSH plo. + oFSH
Number of treated ewes 8 10 10
Antibody titre <1004 2850.0 £ 949.78 7430.0 £ 949.7¢
Number of ewes in oestrus (%) 8(100) 7 (70.0) 9(90.0)
Number of ewes ovulating (%) 7(87.5) 8(80.0) 10(100.0)
Number of ewes superovulated (%) 4{50.0) 5(50.0) 8(80.0)
Interval between sponge removal and oestrus (h) 355+26% 36.6+2.8* 23.3x24"
Number of corpora lutea (range) 5.0+2.42 3.1+214 121 +£2.1%

(0-11) (0-7) (2-37)

Number of follicles > 4 mm 1.6+0.8 1.0+0.7 2507
Total ovarian response 6.6+23 41=x21* 14.6 +2.1%

Different superscripts within each row A#¢P < 0.01;*"P < 0.05.
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Fig. 1. Relationship between the number of corpora lutea and

antibody titres in ewes immunized with (a) an inhibin-like peptide
during the breeding season (correlation coefficient, r = 0.70; P < 0.05);
{b) pig 0-subunit during the breeding season (r = 0.86; P < 0.001); and
(c) pig o-subunit during the non-breeding season (r = 0.92; P < 0.001).

embryos, was highest in the plo-immunized group, with
a significant difference compared with the control group
{P < 0.01) (Table 2).

Experiment 2

Immune, oestrous and ovarian response. There was a
difference between the two seasons in total ovarian response
between the two control groups (3.4 and 6.6 in the non-
breeding season and the breeding season controls,
respectively; P <0.05) (Table 3). During the non-breeding
season, plo treatment stimulated a marked immune
response (P < 0.01), but this was not significantly different
from the breeding season. The proportion of superovulated
ewes was significantly (P < 0.05) improved during the non-
breeding season by immunization with pla from 20% of
control (group IV) to 81.8% (group V) and oestrus began
significantly earlier in immunized ewes than in the controls
(P < 0.01). Moreover, immunization treatment significantly
increased the ovulation rate (P < 0.01), the mean number of
large follicles (P < 0.05) and, thus, the total ovarian response
during the non-breeding season (12.4 versus 3.4; P < 0.01), as
it did during the breeding season (Table 3), and the ovulation
rate was positively correlated with antibody titres (r = 0.92;
P <0.01; Fig. 2).

Embryo  production. During the non-breeding season,
immunization treatment against the plo fragment improved
ova recovery (P <0.05) and tended to increase the mean
numbers of fertilized ova (P> 0.05) and transferable
embryos (P > 0.05). The percentage of transferable embryos
was affected significantly (P < 0.01) by immunoneutralization
against inhibin treatment; it was lower during the non-
breeding season (54.1%}) than in the control (100%) and pla-
immunized ewes during the breeding season (94.9%).
Transferable embryo yield after immunization treatment
with the pla fragment was significantly lower during the
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Table 2. Effect of immunization with a synthetic fragment of human inhibin (ILP) or pig inhibin
o-subunit (pIo) on ova recovery, embryo production and embryo quality in ewes superovulated with
16 U ovine FSH (0FSH) (mean + SEM)

Group I (Control) Group IT Group IIT
Treatment oFSH ILP + oFSH plo.+ oFSH
Number of ova recovered 48+23 40+259 81x19
Number of ova fertilized (%) 4.0+22 40+24 72+19
(79.6 +7.4) (100 + 8.1) (84.7 = 6.4)
Number of transferable embryos (%) 1.5+1.34 24+1.5 6.7 +1.2%
(40.6 + 11.8%) (69.0 +12.9) (94.9 + 10.2%)

Different superscripts within each row *8<P < 0.01;**P < 0.05.

Table 3. Effect of immunization with a synthetic fragment of pig inhibin a-subunit (plcr) on oestrus
and ovarian response in ewes superovulated with 16 U ovine FSH (oFSH) in breeding and
non-breeding seasons (mean + SEM)
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Breeding season Non-breeding season
Group I (Control) Group III Group IV (Control)  Group V

Treatment oFSH plo.+ oFSH oFSH plo + oFSH
Number of treated ewes 8 10 10 1
Antibody titre <1008 7430.0 £ 975.84 <1008 6418.0 + 930.4*
Number of ewes in oestrus (%) 8 (100) 9(90.0) 10 (100) 11 (100)
Number of ewes ovulating (%) 7 (87.5) 10(100) 10 (100) 11 (100)
Number of ewes superovulated (%) 4(50.0) 8 (80.0} 2(20.0)° 9(81.8)*
Interval between sponge removal

and oestrus (h) 355+2.74 233 +2.6° 32.0+244 18.0+2.38
Number of corpora lutea (range) 50£2.2* 12.1+£2.0° 26+2.0* 9.4 +1.98

(0-11) (2-37) (1-4) (2-18)

Number of follicles > 4 mm 1.6+0.8 25+0.7 08+0.7° 29+0.7°
Total ovarian response 6.6+2.2¢ 14.6 £2.0° 3.4+20% 124 +1.94

Different superscripts within each row ##<P < 0.01; **P < 0.05.

Table 4. Effect of immunization with a synthetic fragment of pig inhibin a-subunit (ple) on ova
recovery, embryo production and embryo quality in ewes superovulated with 16 U ovine FSH
(oFSH) in breeding and non-breeding season (mean = SEM).

Breeding season Non-breeding season
Group I (Control) Group III Group IV (Contrel)  Group V
Treatment oFSH oFSH + pla oFSH oFSH + plo.
Number of ova recovered 4.8+20 81x18 21+18 6.8+ 1.6°
Number of ova fertilized (%) 40+22 72+19 21+1.7 59+16
(79.6 +8.3) (84.7+7.2) (100.0+7.2) (88.7 +6.4)
Transferable embryos (%) 1.5+1.74 6.7 £1.5% 21+15 3913
(40.6 + 11.94) (94.9 +10.38) (100.0 + 10.38) (54.1+9.29

Different superscripts within each row A#€P < 0.01; **P < 0.05.

non-breeding season than it was during the breeding season
(3.9 versus 6.7; P < 0.05).

Discussion

Immunization against either of two synthetic peptides
corresponding to a fragment of an inhibin-like peptide
isolated from human seminal plasma, without a structural
relationship to authentic inhibin (0—B dimer) isolated from
gonadal sources, and pig a-subunit stimulated an immune
response in ewes. This finding was confirmed by the absence

of inhibin peptide antibodies in the plasma of carrier-
immunized controls. The induction of oestrus and ovulation
was not significantly affected by the immunization
treatments against either synthetic peptide. This finding
indicates that immunization did not alter the normal
pre-ovulatory relationship between oestradiol and LH. It
has been demonstrated that, in ewes subjected to
synchronization of oestrus, immunization against the o-
subunit of bovine inhibin does not influence the mean
concentrations or the frequency and amplitude of LH
episodes (Wrathall ef al., 1990).

This is the first report, to our knowledge, of an effect on
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superovulatory response in immunized ewes using the
N-terminal sequence (1-31) of the human inhibin (ILP) as
immunogen. Although ILP provoked an immune response,
with a positive correlation (P < 0.02) between antibody titres
and ovulation rate, it did not improve ovarian activity,
ovulation rate or the number of large anovulatory follicles.
The reasons for this finding are not clear. The significant
positive correlation found between pla antibody titres and
the number of corpora lutea resulted in a 2.5-fold increase
(P < 0.01) in ovulation rate, with a maximum response of 37
ovulations, confirming the positive effect of active
immunization against bovine lo peptide (Wrathall et al.,
1990). In the present study, the stimulatory effect of
immunization against pig o-subunit on ovarian response
was more consistent during the non-breeding season, when
it increased the proportion of ewes responding to the
superovulatory treatment and promoted a 3.5-fold increase
in ovulation, correlated with the antibody titres. Wrathall et
al. (1990) have shown that the ovaries of anoestrous ewes
produce physiologically active amounts of inhibin that
contribute to the tonic suppression of pituitary FSH
secretion. Taken together, all these observations suggest that,
during the breeding as well as non-breeding season, the
increase in ovulation rate was primarly due to the presence
of antibodies to the o-inhibin subunit, but the exact
mechanisms by which this increase was mediated are
unclear. This study does not provide direct information as to
whether the improvement of ovulation rate observed in ewes
immunized against the pig inhibin a-subunit is due to an
increase in plasma FSH concentrations, which is generally
thought to be a consequence of the suppression of the
negative feedback by inhibin upon the pituitary FSH
secretion (Ireland et al., 1983; Quirk and Fortune, 1986; Beard
et al., 1990). Moreover, there are indications from studies in
vitro (Hillier ef al., 1987; Schneyer et al., 1991) that the inhibin
o-subunit may exert local paracrine or autocrine actions on
the ovary in the control of ovulation.

The positive effect observed in this study of plo
immunization treatment on ovarian response was followed
by an improved yield of good quality embryos. The response
to superovulation in terms of transferable embryo production
was maximized during the breeding season, with a 4.5-fold
increase and a significant improvement in embryo quality.
These findings may indicate that, in our experimental
conditions, immunoneutralization against pla-inhibin exerts
a stimulatory effect on ovarian activity and also positively
influences the physiological environment affecting embryo
quality. This suggestion is in agreement with other reports
that found no detrimental effect of immunization treatment
against inhibin on embryo viability (goats: Dietrich et al.,
1995) or fertility (heifers: Morris et al., 1993, 1995).

In conclusion, this study shows that immunization
treatment against pig inhibin o-subunit improves ovarian
response and embryo production in superovulated ewes
during the breeding season. During the non-breeding
season, immunization treatment against pig inhibin a-
subunit increases ovulation rate but impairs the yield and
quality of embryos, indicating an ineffective action on micro-
environmental conditions during early embryonic
development.
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