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Summary

The influence of maternal size on foal birthweights and the total microscopic area of fetomaternal contact at the placental interface was stu
died by comparing placentae from normal Thoroughbred-in-Thoroughbred and Pony-in-Pony control pregnancies with those from betlveen-
breed Thoroughbred-in-Pony (deprived in utero environment) and Pony-in-Thoroughbred (luxurious in utero env ronment) pregnancies crea-
ted by embryo transfer. Strong positive correlations were revealed betlveen foal birthweight and both the gross area of the placenta and the
total microscopic area of fetomaternal contact via the microcotyledons. The results highlight the importance of the intrauterine environment
for the groMh and development of the equine fetal foal.
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Der Eintluß der mütterlichen Körpergröße aut die Plazentafläche und Fohlen-Geburtsgewichte beim Pferd

Es wurde der Einfluß der mütterllchen Körpergröße auf die Fohlen-Geburtsgewichte und die mikroskopische Gesarnmäche des fetomaterna-
len Kontakts an Plazenten von normalen Vollb ut in Vollblut- und Pony in Pony-Graviditäten als Kontrolle im Vergleich zu Trächtigkeiten von
Vollblut in Pony-Paarungen (armes intrauterines Milieu) und Pony in Vollblut (reiches intrauterines Milleu) untersucht. Engste positive Korrela-
tion wurden ermittelt zwischen Fohlen-Geburtsgewichten und jeweils der anatomischen und mikroskopischen Plazentafläche mit fetomater-
nalem Kontakt über die Mikrokotyledonen. Diese Ergebnisse belegen eindeutig die Bedeutung des intrauterinen Milieus für das Wachstum
und die Fntwicklu.g des equinen Fören.

Schlüsselwörter: Stute, Plazenta, Embryo-Transfer,Geburtsgewicht

Introduction

ln mammals the olacenta is the vehicle for nutrit ional and
gaseous exchange between the maternal and fetal circulati-
ons during pregnancy. The allantochorionic placenta of
equids is classified as non-deciduate, non-invasive, epithe-
lichorial and diffuse and maternofetal contact for the purpo-
ses of haemotrophic transfer occurs over virtually the entire
surface of the chorion (Amoroso, 1952). During the first 40
days of gestation the trophoblast l ies unattached in close
but simple apposition to the uterine lumenal epithelium (van
Niekerk and Allen, 1975) Attachment occurs gradually after
this time and involves transformation of the init ially very
simple and rudimentary macrovil l i  into branched and highly
complex vil l i  which interdigitate with equivalent elongated
vil l i  of maternal endometrium to form the haemotroohic
exchange units of the mature placenta known as microco-
tyledons (Samuel et al., 1974). Development of the micro-
cotyledons is essentially complete by day 150 of gestation
when the outermost surface of the allantochorion is now
covered in tens of thousands of microcotyledons, each
around 1-2 mm in diameter when mature. They can be rea-
dily observed with the naked eye and they give this mater-
nal surface of the chorion a red, roughened velvety appea-
rance, Microscopically, their intricate, branching, abores-
cent structure is apparent and, in addition, the trophoblast
epithelium covering each macrovil lus of the cotyledon exhi-
bits a close microvil lous junction with the lumenal surface of
the opposing endometrial epithelium, thereby furlher in-
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creasing the area available for haemotrophic absorption
(Samuel et al., 1975).
As a result of the competit ion of their diffuse placentae for
the l imited area of endometrium within the uterus, the majo-
rity of twin conceptuses in the mare are aborted during the
second half of gestation due to nutrit ional deprivation cau-
sing the death of the more disadvantaged of the two fetuses
(Prickett, 1970; Jeffcott and Whitwell, 1973). Sfeven (1982)
summarised the situation when he described the equine pla-
centa ,,as an organ geared to the production of a single
offspring." Maternal size has been shown to exert a pro-
found effect on the birthweight of the foal (VValton and Ham-
mond, 1938; Tischner, 1987) and correlations between pla-
cental area and birthweight have been noted by various au-
thors. For example, ,?ossda/e (1966) reported that the
birlhweight of Thoroughbred foals is directly proportional to
the gross surface area of their placenta and Bracher et al
(1996) demonstrated a close correlation between the age of
the mare, the health of her endometrium, the density and re-
gularity of the microcotyledons per area of placenta and fetal
growth during the first two thirds of gestation. And in other
studies, a reduction in the absorptive potential of the placen-
ta has been shown to lead to small-for-dates babies in wo-
men (Pivalizza et al, 1990), and fetal growth retardation in
sheep (Alexander, 1974; McDonald et al., 1981).
In the present study, computer-aided morphometric analy-
sis was used to measure the surface densitv of microcotv-
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ledons, or surface area of fetomaternal contact, per area of
placenta at term. By multiplying this figure by the displace-
ment volume of the allantochorion, the total surface area of
fetomaternal contact achieved by the placenta was calcula-
ted. The method was then used to comoare the area of fe-
tomaternal contact in term placentae recovered from Pony
and Thoroughbred mares carrying, respectively, within-
breed Pony and Thoroughbred foals or, respectively, be-
tween-breed Thoroughbred or Pony foals following embryo
transfer. In this manner it was intended to study the influ-
ence of maternal size on both the extent of development
and the exchange competence of the placenta.

Materials and methods

Recovery and gross measurement of placentae

Placentae were recovered at spontaneous third stage la-
bour f rom 11 Thoroughbred- in-Pony and 7 Pony- in-
Thoroughbred pregnancies created by embryo transfer,
and from 6 Thoroughbred-in-Thoroughbred and 7 Pony-in-
Pony control pregnancies created by artif icial insemination.
The amnion and umbilical cord were cut from the allanto-
chorion as close as oossible to the allantoic surface and
discarded. The allantochorion was then weighed and laid
flat on a large formica-covered board roughly in an F confi-
guration, with the gravid and non-gravid horns forming the
horizontal arms and the body forming the vertical arm of the
F (see Fig. 1a; Asbury and LeBlanc, 1992; Schlafer, 1996).
The allantochorion was dissected along one edge and
opened out to lay flat on the board with the maternal or
microcotyledonary sudace uppermost (Fig. 1b) A large
sheet of clear perspex, marked in a 10cm2 grid pattern with
small holes dri l led at the intercepts of the l ines, was sup-
ported directly above the flattened placenta. The total sur-
face area was then calculated by counting the number of
holes positioned above placental t issue and multiplying the
figure by 100. Ten random biopsy sites were selected by
dropping a cocktail stick vedically through every nth hole
overlying the placenta, where n equalled the number of
holes above placental t issue divided by 10. Finally, the
volume of the allantochorion was measured by submerging
it in a large graduated measuring cylinder half f i l led with
water and noting the volume displaced.

Morphometric analvsis

The 10 random biopsies of allantochorion were fixed in
1O% formol saline, processed, embedded in paraffin wax
and sectioned at 5 pm thickness. The sections were then
stained with haematoxylin and eosin (H & E) and examined
at 100X magnification under a LieIz Laborlux l ight micro-
scope to which a digital stereology computer package (Di-
gital Stereology 2.5, Confocal Technologies Ltd., Liverpool,
UK.) was attached, to give an unbiased estimation of 3-D
parameters from 2-D sections. In this instance, sur-face
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density was uti l ised to establish an estimate of surface area
of features per unit volume of the reference space. Because
surface area is reduced to profi le boundary in sectioned
samples, the software package used an estimator to count
the intersections between the profi les of interest and geo-
metric probes of the appropriate orientational distribution.
Five estimations were made on each of the 10 random
biopsies to give a total of 50 estimations for each placenta.
All these estimates were averaged by the computer and
presented as a value of surface density pm 1 (pm2lpm3).
This figure was then multiplied by the volume of the allanto-
chorion to give a value for the total area of fetomaternal
contact via the microcotvledons.

Fig. 1a: Intact Thoroughbred-in-Thoroughbred placenta with the
fetal surface outermost laid out in the typical F configura-
t ion to show the body and the gravid and non-gravid
horns.

Intakte Vollblut- in-Vollblut Plazenta mit der nach aussen
gewendeten fetalseit igen Oberf läche und in typischer F-
Form ausgelegt zur Demonstration des graviden und
nichtgraviden Uterushorns.

Fig. 1b: The same placenta dissected along one edge and opened
out to show the maternal microcotyledonary surface.

Dieselbe Plazenta an einer Seite eröffneI zur Demonstrati-
on der maternalen Mikrokotvledonen-Oberfläche

Results

Mean placental weight, placental volume, gross placental
area and foal birthweight were all highest in Thoroughbred
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foals born from Thoroughbred mares, followed by Pony
foals from Thoroughbred mares, Thoroughbred foals from
Pony mares and, f inally, Pony foals from Pony mares. In ad-
dition, comouter-aided morohometric measurement of the
microscopic area of fetomaternal contact within the placen-
tal microcotyledons showed that surface density (surface
area of interest/ reference volume) was arranged similarly
within the groups, with the values being highest in the
Thoroughbred-in-Thoroughbred and lowest in the Pony-in-
Pony placentae. Multiplying this surface density figure by
placental volume to give a value for total fetomaternal
contact across the entire allantochorion, gave the same ar-
rangement across the 4 types of pregnancy (i,e. Tb-in-Tb >
P-in-Tb > Tb- in-P >
strong bona fide correlation between birthweight of the
foals and total fetomaternal contact area across the allanto-
chor ion (Fig.  2) .
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Fig.2: Relat ionship between foal birthweights and the total hae-
motrophic absorptive area of the placenta at term. Note
that the P-in-Tb foals which developed in the ' luxurious'
uterine environment of the larger mares were born big-
ger and had greater total absorptive areas of their pla-
centae than the Tb-in-P foals which developed in the
'deprived' uterine environment of the smaller Pony
mares.

Beziehung zwischen fötalem Geburtsgewicht und der
hamotroph-absorptiven Gesamtfläche der Plazenta zum
Geburtstermin. Beachte, dass die P-inTb (Pony-in-Voll-
blut) Fohlen, die sich im luxuriösen uterinen Mil ieu ent-
wickelten, zur Geburt größer waren und über eine
größere absorptive Plazentagesamtfläche verfügten als
Fohlen, die in eingeschränkter uteriner Umgebung der
kleinen Ponvstuten heranwuchsen.

Discussion

In their classical and revolutionary study involving the use of
artif icial insemination to reciprocally cross Shire horses with
Shetland ponies - the biggest with the smallest in terms of
the many and diverse breeds of horses - Walton and Ham-
mond (1938) demonstrated the remarkable abil ity of the
mare to l imit, by controll ing the area of the placenta avai-
lable for fetomaternal exchange, the in utero growth of her
foal in order to minimise the chances of dystocia and en-
sure a normal, uncomplicated birth at term. The foal born
from the Shetland pony was approximately half the size of
its reciprocal cross born from the much larger Shire mare
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and, very significantly, this great difference between the two
oersisted into adulthood. This was the first scientif ic evi-
dence in support of a phenomenon that has been wit-
nessed by horse breeders for centuries past, Namely, the
lifelong effects of the reduction in expected birth size or
' runt ing'  which occurs commonly in young, pr imiparous
mares carrying their f irst foals, in the small percentage of
mares that manage to carry viable twins to term (Jeffcott
and Whitwell, 1976), and in older mares suffering extensive
age-related degenerative changes in their endometrium
(endometrosis; Bracher et al., 1996). In all three of these
examples, the runting of the foal is occasioned by a reduc-
tion in the total area of healthy endometrium-allantochorion
attachment during gestation causing a shortfall in the nutri-
t ional requirements to maximise the growth potential of the
foal in utero.
Tischner (1987) made a further significant advance in our
appreciation of the effects of maternal size on bidhweights
and subsequent growth of the foal when he used embryo
transfer to create 3 pairs of sex-matched full-sibling Konik
pony foals, one of which was gestated in its true genetic
Pony mother while the other was transferred as an embryo
to, and was carried to term by, a much larger draft-type
mare. All three of these transferred foals were born taller
and heavier then their respective siblings and the size diffe-
rences became even more exaggerated during the first 6
months of l i fe while they were nursing from their large sur-
rogate, or smaller true, genetic dams (Tischner, 1987).
Our present study was something of mixture and an exten-
sion of these two earlier exoeriments of Walton and Ham-
mond (1938)and lr,schner (1987). Like Tischner (1987), we
used embryo transfer, rather than cross-breeding, to make
a relatively ' luxurious' in utero and post natal environment
for the Pony foals transferred to the much larger Thorough-
bred mares. And like Walton and Hammond (1938), we
created the opposite scenario of deprivation by nutrit ional
l imitation for the Thoroughbred foals transferred to
the Pony mares. In parallel with the earlier f indings, we
achieved considerable increases in height and weight com-
pared to controls in the Ponies carried by the Thorough-
bred mares and we induced appreciable down-sizing or
runting in the otherwise healthy and vigorous Thoroughbred
foals born spontaneously and without complication from
the smaller Pony mares,
The findings of this experiment are clear-cut and are of
practical interest to horse breeders. The very strong posi-
tive correlations exhibited by all three placental parameters
measured - weight, gross area and total fetomaternal
contact area of the allantochorion - with the weights of
both the mare and the foal demonstrate convincingly that
the growth of the fetal foal in utero is governed completely
by 'real' placental size and competence which, in turn, is
controlled equally strictly, by the area of healthy endometri-
um that is available for the placenta to attach to. Thus, the
bigger the uterus, the bigger the placenta, the bigger the
foal. And, conversely, the smaller the uterus, the smaller the
endometrium and the greater the degree of runting which
may be imposed upon the foal if the area of real placental
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exchange falls below genetic expectations. Thus, breeders
should take careful account of both the endometrial health
of the mare and the relative size of the mating stallion when
planning their horse breeding programmes,
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