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Summary. One half of the forty-eight New Zealand Romney ewes to
be mated with either a Romney or Southdown ram were immunologic-
ally sensitized to the ram 2 weeks before tupping. After 12 to 13 weeks
of pregnancy, the ewes were slaughtered and each reproductive tract
and conceptus examined. Sensitization to the sire had no effect on

fecundity, fertility, placental weight or foetal size.
However, the number of placentomes per foetus tended to be larger

in sensitized than in control ewes and was significantly greater in inter\x=req-\
breed than in intra-breed matings. It is suggested that the increased
number of placentomes is due to heightened sensitivity of the maternal
and foetal tissues at implantation, resulting from their antigenic
differences.

INTRODUCTION
The first suggestion that antigen-antibody type interactions might play a

specific rôle during normal pregnancy was made by Tyler (1961) when he
indicated that implantation might depend on such an activity. Since that time,
the effects of immunological differences between the dam and the conceptus
on reproductive activity in the female mammal have been examined assidu¬
ously (see Kirby, 1968). After reports that hybrid placentae were bigger than
those developed within an inbred strain (Billington, 1964; McLaren, 1965), it
appeared that the larger placentae reflected antigenic differences between
mother and foetus expressed in more extensive trophoblast invasion (Billington,
1964, 1965). This thesis was confirmed when James (1965, 1967) showed that
increased placental size was not solely the result of heterosis and that immuno¬
logical factors had a significant effect on placental size.

However, Koren, Abrams & Behrman (1968) were not able to confirm the
observations of Billington (1965), perhaps due to the fact that the kidney was
used as the transplantation site rather than the testis. Also, Clarke (1969) could
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not demonstrate the greater growth of trophoblast in between-strain than in
within-strain transfers reported by Billington (1965) and James (1965).

Investigation of the effects of sensitizing ewes to the transplantation antigens
of the ram with which they were to be mated in this study has also shown that
neither foetal size nor placental size has been affected. However, the number
of placentomes which make up the ruminant placental complex tended to be
larger in sensitized than in non-sensitized ewes and was significantly greater in
inter-breed than intra-breed matings.

MATERIALS AND METHODS
The experimental design used a 2  2 factorial in which ninety-six, parous, New
Zealand Romney ewes of mixed ages were randomly allotted into two equally
sized flocks and run under the same grassland management conditions. Two
weeks before tupping, one half of the ewes in each flock were sensitized to the
Romney or Southdown ram with which they were to be mated. Different rams
were used in the 2 years of the experiment.

Sensitization procedures in 1967 involved the injection i.v. of 25 ml of whole
blood (200 xlO6 white cells) in 5-ml aliquots at 3-day intervals. In 1968, six
of the twelve ewes in each group to be sensitized were injected i.v. with 15 ml
of packed whole blood (400 IO6 white cells). For the packed whole blood,
300 ml of blood were taken from each of the Romney and Southdown rams to
be used as sires, washed, centrifuged and re-suspended in normal saline to
make 90 ml. The other two groups of six ewes received a full thickness graft
of the thin skin from the inside of the back leg of the ram with which they were
to be mated. The circular graft (1 cm diameter) was sutured into a bed of
similar size on the outer surface of the ewe's fore-limb cannon bone (meta¬
carpus), covered with tulle gras, bandaged and retained with an elastic
sticking plaster dressing. Two weeks after the sensitization procedure was

completed in 1967, approximately 2  IO6 buffy coat cells from the sire's blood
were injected intradermally and 24 hr later, a 1-cm diameter biopsy of this
injection site was taken and fixed in buffered formalin. After preparation of
standard haematoxylin and eosin sections, microscopic examination showed a
much greater peri-vascular infiltration of lymphocytes in the sensitized than in
the control ewes. Such a phenomenon characterizes 'delayed' hypersensitivity
(Waksman, 1960). From this, it was assumed that the ewes sensitized in 1968
would also possess transplantation immunity.

The date of mating (Day 0) was noted when a ewe was found to be marked
by a crayon carried by the ram, and the pregnancy was allowed to continue
for 12 to 13 weeks. Although the pertinent data are not available for the New
Zealand Romney, Wallace (1948) noted that in cross-bred ewes, the cotyledons
appeared to have reached their maximum development by the 84th day of
gestation. After slaughter, the entire genital tracts of pregnant females were
examined and for each ewe, the uterine, foetal placental and foetal weights,
the number of corpora lutea, foetuses and placentomes, the foetal lengths and
the volume of combined amniotic and allantoic fluids were recorded. All
tissues were weighed wet, although well-drained of embryonic fluids.
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In the statistical analyses '£' was derived from the formula:

 (  2 ^2.)
I =

Wl + W2"(W3+"4) where,* = ,--M- "-_--
1111 (ni-l)-|-(n2-l)-i-(n3-l) + (n4-l)

 »V n, n, n, nA

RESULTS

Although the experiment involved the use of four groups of twenty-four ewes,
suitable data were obtained from fewer animals because of ewe infertility,
genital abnormalities, deaths or other losses. These data are presented in
Table 1.

The random allocation into groups made ewes of the group running with
the Southdown ram, on average, some 8 lb heavier than those with the Romney
ram. These weights were not significantly different, but they did cause the
ovulation rate in the Southdown group to be somewhat higher than that in
the Romney group, though not to a statistically significant extent. In the New
Zealand Romney ewe, ovulation rate is highly correlated with body weight
(Wallace, 1963). There were no differences between the four groups in the
number of infertile matings or of lambs in utero. Fecundity and fertility were
not affected by the experimental situation.

The ovine placentome may relatively easily be separated into its foetal and
maternal components. For the purposes of this experiment, the extra-embryonic
membranes included the complete foetal chorion, amnion, and the umbilical
cord to 1 in. from the foetus. The uterine weight, therefore, included the
muscularis, endometrium, maternal components of the placentomes, the ovi¬
ducts and the ovaries. No differences were detectable between the four groups for
uterine weight (t = 0-94; d.f. = 48;  = n.s.), weight of extra-embryonic
membranes (t = 0-92; d.f. = 49;  = n.s.), or volume of foetal fluids. How¬
ever, although the number of placentomes in the two sub-groups were similar,
there were significantly more placentomes (t = 3-04; d.f. = 48;  <0·01) in
the ewes mated with the Southdown ram than in the ewes bred to the Romney.

As the mean gestation lengths and the body weights were the same in each
of the four groups of ewes, any differences in foetal mass could be assumed to
be due to the experimental conditions. Mean foetal weights were similar in
all groups (t = 0-248; d.f. = 78;  = n.s.), as was foetal length; but the foetal
mass produced per dam tended to be greater in the ewes carrying the Romney  

Southdown foetus (t = 1-70; d.f. = 49; 0·10> >0·05).

DISCUSSION
Under normal conditions, the mammalian conceptus is an allograft and yet
immunological sensitization or actively acquired tolerance of the dam against
the sire has no effect on consequent reproductive performance (Billingham,
Brent & Medawar, 1953; Medawar & Sparrow, 1956; Woodruff, 1958;
Lanman, Dinerstein & Fikrig, 1962). The data presented in this study show
that this situation also exists in sheep, for there were no differences evident
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between sensitized and non-sensitized ewes for the numbers of corpora lutea of
pregnancy, infertile matings, or foetuses present in utero.

Information obtained in this study shows further, that sensitization of the
ewe did not affect placental weight and consequently foetal size. Uterine
weights in the four groups of ewes were similar, as were the weights of the
extra-embryonic membranes, i.e. the total weights of the placentomes had not
been affected by the experimental conditions. However, the number of placen¬
tomes did differ in the control and experimental groups. There tended to be
more placentomes in the sensitized ewes and an increase, to a statistically
significant degree, in the numbers found in the ewes which had been mated
with a Southdown ram when compared with those bred to a ram of their own
strain.

McLaren (1965) found hybrid placentae in mice 17$ days pregnant to be
nearly 20% heavier than those in inbred litters, the increased weight being
considered as resulting from heterosis in the trophoblastic component of the
placenta. However, the results of experiments investigating immunological
control of placental size and trophoblastic invasion (Billington, 1964, 1965 cf.
Koren et al., 1968; James, 1965, 1967 cf. Clarke, 1969) differ. It cannot be
assumed, then, that there is unequivocal evidence that trophoblastic invasion,
and therefore placental size, is affected to a significant extent by immunological
factors, such as the degree of antigenic difference or host sensitivity. If the
fibrinoid layer present between the trophoblast and maternal tissues acts as a
barrier to the expression of transplantation antigens (Kirby, Billington,
Bradbury & Goldstein, 1964), immunological control of placental size must
be initiated before the formation of the fibrinoid, i.e. about the time of im¬
plantation (as is suggested here) or soon after. There is some evidence that
antigenic recognition occurs about the time of egg implantation and before
fibrinoid formation, but the foetus is later protected because the sensitized
lymphocytes cannot gain access to the surface of the trophoblast (Kirby, 1969,
personal communication). Potts (1968) has described an accumulation of
leucocytes, including plasma cells, in the subepithelial space at the mouse

implantation site.
In sheep, with their numerous epitheliochorial placentomes (Björkman,

1965; Boshier, 1969), the extra-embryonic membranes have two growth
responses available during placental development—increased trophoblastic
invasion of each caruncle, or increased incorporation of maternal caruncles
into the placental complex. Mice, with their single haemotrichorial placenta
(Enders, 1965), have only the former. Whether the increased interaction of the
foetal and maternal tissues described here was due solely to blastocyst heterosis,
cannot be decided at this time, for there is no evidence that the number of
placentomes developed has been decreased by the low levels of inbreeding
practised during the development of the sheep strains used (cf. Falconer,
1961).

In the ewes of each sheep breed, there is a marked tendency for a constant
proportion (70 to 80%) of the caruncles to develop into placentomes (Alex¬
ander, 1964). The increased formation of placentomes in the hybrid matings
reported here suggests that the genetic, and hence antigenic, differences
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between the hybrid foetus and the dam were sufficient to heighten the sensi¬
tivity of the reaction between the blastocyst and its dam at implantation
(Boshier, 1969). The degree of antigenic difference between the foetus and its
dam may have been expressed in this manner at the time of implantation.
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