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Uterine function in Meishan pigs

R. K. Christenson, ]. L. Vallet, K. A. Leymaster and L. D. Young

US Department of Agriculture, Agricultural Research Service, Roman L. Hruska US Meat Animal
Research Center, PO Box 166, Clay Center, NE 68933—0166, LISA

The Meishan pig provides a biological model with the genetic capacity to express a
high prolificacy. This prolificacy can be partially attributed to a higher ovulation rate
and a higher rate of prenatal survival at a given ovulation rate throughout gestation
than in European breeds. Both early embryonic survival (factors inherent to the
ovum and uterus, which occur before day 25 of gestation) and uterine capacity
(factors inherent to uterine limitation, which occur from 30 days of gestation to
parturition) may contribute to prenatal survival. Crossbreeding studies show that
the prolificacy of Meishan pigs is primarily of matemal origin, but not whether the
effects occur via the ovum, uterus or systemic factors. Although there have been few
comparative studies on uterine function for prolific pigs, experiments relating to
three general areas have been reported. During neonatal uterine development, endo-
metrial gland development occurs shortly after birth in Meishan and European
breeds. Tissue culture for 24 h showed that secretion of at least three uterine pro-
teins {one identified as retinol-binding protein) increased in clear temporal associ-
ation with development of the endometrial gland. The secretion of two additional
proteins appears to change in a breed-specific manner. Although regulatory roles for
uterine proteins remain to be defined, biochemical events associated with neonatal
endometrial gland development may affect subsequent adult uterine function.
During the time of maternal recognition of pregnancy or early gestation, reports
suggest that uterine secretions are enhanced in Meishan pigs, which may partially
explain their increased prolificacy. However, other studies show smaller embryo and
placental weights at day 30 of gestation, suggesting that prolificacy of Meishan
females is related to a maternal ability to control embryo/fetal and placental growth,
During the later fetal period {uterine capacity) in European pigs, endometrial
response to a crowded uterine environment is minimal, but the conceptus responds
to a crowded uterine environment by altering placental function; similar exper-
iments using Meishan pigs are in progress. Once the regulatory determinants of
uterine function are understood, improvements can possibly be made in the
reproductive efficiency of all swine.

Introduction

Increasing the average number of piglets per litter in swine would increase efficiency of swine production
and benefit almost everyone from swine producers to consumers. Litter size in swine is determined by
ovulation rate, fertilization rate, early embryonic survival before day 25 and number of fetuses that the
uterus can support (uterine capacity) from day 30 to term {(Christenson et al, 1987; Bennett and
Leymaster, 1989). Studies show that increasing the number of available ova/embryos by selection for
increased ovulation rate (Cunningham et al, 1979; Johnson et al, 1984), by hormonal superovulation
{Longenecker and Day, 1968; Christenson et al,, 1973), or by embryo transfer (Dziuk, 1968; Fenton et al,
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1969) results in an increase in the number of embryos at day 30, but this advantage is lost during late
gestation. Thus, the capacity of the uterus to carry an increased number of fetuses beyond day 30 of
pregnancy represents a significant limitation on increases in litter size. A better understanding of factors
controlling neonatal uterine development and uterine and placental function during pregnancy may
improve litter size in swine.

The prolific Meishan pig (Cheng, 1983; Legault and Caritez, 1983; Zhang ef al, 1983; Bolet et al,
1986; Yun, 1988) provides a useful model for the study of the influence of uterine function on litter size.
A limited number of studies concerning uterine function in prolific breeds have been conducted since
Meishan pigs were first imported to France, UK, Japan and the United States. This review will summarize
information on the components of litter size in prolific Chinese Meishan pigs and describe current
research relative to uterine development and function in pigs.

Components of Litter Size in Pigs

Ovulation rate

Ovulation rates for Meishan and European breeds of pig have not been in full agreement because
comparisons have been made at different chronological ages using various European breeds. Comparison
of Meishan and Large White gilts at puberty or third and fourth oestrous cycles has shown a greater
ovulation rate in Large White than in Meishan females {Bolet ¢t al., 1986; Bazer et al., 1988a, b). However,
comparison of Meishan and Large White females of similar chronological age suggests that Meishan
females shed a similar number of ova (Terqui et al., 1990) or more ova (Haley and Lee, 1990; Ashworth et
al., 1992). Christenson (1993) compared ovulation rate at puberty and at two chronological ages in
Meishan and white crossbred gilts and reported that at puberty (118 and 217 days of age, respectively)
ovulation rate was similar for Meishan (12.3 corpora lutea) and white crossbred gilts (12.7 corpora lutea).
However, comparison at 220 and 280 days of age resulted in greater (P < 0.01) ovulation rates in
Meishan than in white crossbred gilts (16.7 + 0.5 versus 12.7 + 0.4 corpora lutea at 220 days of age and
16.5 + 0.7 versus 13.9 + 0.6 corpora lutea at 280 days of age respectively). More importantly, the
pattern of change in ovulation rate differed for Meishan and white crossbred gilts (Fig. 1). In Meishan
gilts, ovulation rate increased (P < 0.01) 4.3 corpora lutea from puberty to the sixth (220 days of age)
oestrous period and was relatively constant from the sixth to the ninth (280 days of age) oestrous period.
Although the number of corpora lutea in white crossbred gilts increased by 1.2 corpora lutea from
puberty (217 days of age) to the fourth (280 days of age) oestrous period, this increase in ovulation rate
was not significant (P > 0.05).

Bolet et al. (1986) reported that ovulation rate in Meishan gilts increased significantly between the
first (9.2 + 0.8 corpora lutea) and third (11.7 £ 0.6 corpora lutea) oestrus, whereas there was no
comparable increase from first (13.7 + 0.7 corpora lutea) to third (14.4 + 0.6 corpora lutea} oestrus in
Large White gilts. A number of studies with European breeds of pig (Robertson et al., 1951; Warnick et al.,
1951; Paterson and Lindsay, 1980; Kunavongkrit and Larsson, 1982) have shown that ovulation rate
increases after puberty with successive oestrous periods. Kirkwood and Aherne (1985) concluded that
ovulation rate in gilts reaching puberty at young ages (5—7 months) will increase with each oestrous
period. However, in older gilts (> 8 months), ovulation rate increases with successive oestrous periods
are greatly reduced (Dyck, 1971). It is not therefore surprising that early maturing Meishan gilts show an
increase in ovulation rate after puberty. In addition, this substantial increase in ovulation rate from
puberty to the sixth oestrous period in Meishan gilts may help to explain why ovulation rate compari-
sons between Meishan and European breeds of gilt have varied from study to study. The high ovulation
rate in Meishan gilts has also been observed in Meishan sows. Christenson (1993) reported that ovulation
rates were greater (P < 0.01) for Meishan than for white crossbred sows at 417, 608 and 735 days of age,
which represents first, second and third parity (Fig. 1). This is in agreement with reports by Haley and Lee
(1990) and Anderson ¢t al. (1993). Whereas ovulation rate appears to increase with age for Meishan sows,
ovulation rate increases only slightly with age in white crossbred sows. Thus, the greater prolificacy of
Meishan females is, in part, the result of high ovulation rates.



Uterine function in Meishan pigs 281

261 - 2nd

224

3rd

Ovulation rate

164 (19)

14

124

0 100 200 300 ato 500 600 760 800

Age (days) .
Fig. 1. Ovulation rate at first (puberty), sixth, and ninth cestrous period for {{J)} Meishan and first
{puberty) and fourth oestrous period for (O) white crossbred gilts and at three ages (first, second and
third parity) for (ll) Meishan and (@) white crossbred sows. Numbers of gilts or sows are given in
parentheses. Age at puberty was earlier (P < 0.01) for Meishan than for crossbred gilts, but ovulation
rate at puberty was similar. Breed comparison {mean + SEM) of ovulation rate at 220 and 280 days of
age for gilts and at 417, 608, and 735 days of age for sows were significantly different (P < 0.01).
(Adapted from Christenson, 1993.)

Fertilization rate

Fertilization is one of the essential components of the sequential reproductive events that lead to the
production of offspring in pigs but with appropriate reproductive management, it is a component that has
little influence on litter size. Natural mating under optimal conditions in which sows are mated twice
during oestrus usually results in very high fertilization rates, and examination of ova shortly after mating
shows that fertilization occurs in 95% of the females (Hancock, 1958; Thibault, 1959 Perry and Rowlands,
1962). Furthermore, the percentage of ova that are fertilized in individual animals is near 100% in most
sows (Perry, 1960). Limited information is available on the fertilization rate of Meishan and other Taihu

pigs.

Embryonic survival

Rates of embryonic survival have been examined at various stages after mating in Meishan and
European gilts and sows (Fig. 2). In our laboratory, studies comparing conceptus development and
morphological diversity at days 11-12 of gestation indicated that conceptus recovery and survival at
slaughter was 95% in both Meishan and composite white crossbred sows (Anderson et al., 1993). Galvin
ef al. (1991) reported that embryonic survival rates were 82 and 73% at 20-22 days of gestation in
Meishan and Large White sows, respectively. At 30 days of gestation, several investigators have
reported greater (P < 0.01) embryonic survival rates for Meishan than for Large White gilts (Bazer et al.,
1988b; Terqui ef al, 1990). In contrast, several investigators have reported no statistically significant
difference in embryonic survival rates, although embryonic survival was sometimes greater (80 versus
72%: Ashworth et al, 1992) or smaller (73 versus 81%; Christenson, 1993) for Meishan than for white
crossbred gilts, respectively. Thus, embryonic survival rates are at least equal or greater for Meishan than
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Fig. 2. Percentage embryonic survival at 11, 27 and 30 days of
gestation in (D) European and (8) Meishan gilts and sows.
“Within study, breed means for embryonic survival are significantly
different {P < 0.01), (Adapted from 1 — Anderson ef al., 1993; 2 —
Galvin ef al., 1991; 3 — Bazer ef al., 1988b; 4 — Terqui e al, 1990;
§ — Ashworth ef al, 1992; and 6 — Christenson, 1993.)

for European females. Increased ovulation rates coupled with equal or greater early embryonic survival
combine to have a positive influence on the prolificacy of Meishan pigs.

Literine capacity

Litter size has changed little in European breeds of pig since 1921 when Sir John Hammond first
discussed the relationship between ovulation rate, embryonic mortality, uterine environment, and number
of pigs born. In the intervening years, numerous studies have shown that increasing the number of ova/
embryos by direct selection for increased ovulation rate (Cunningharm et al., 1979; Johnson ef al., 1984),
by hormonal superovulation (see review by Anderson and Melampy, 1972), or by embryo transfer
(Dziuk, 1968; Fenton ef al., 1969) results in an increase in the number of embryos on day 30 of gestation.
However, litter size at farrowing was not significantly increased, which suggests that uterine environment
after day 30 is limiting to increased litter size. This concept of uterine environment limiting litter size is
further supported by experimental evidence (Fig. 3) indicating that litter size at birth approaches a plateau
as ovulation rate increases (Leymaster ef al, 1986; Christenson et al, 1987). This uterine limitation,
hereafter termed uterine capacity, has been defined as the maximum number of fetuses that can be
maintained to term when the number of potential viable embryos is not a constraint (Christenson et al.,
1987). Bradford (1972) emphasized the need for an objective measure of uterine capacity. The uterus must
be challenged with more embryos than can be maintained to parturition to obtain such a measure. The
expression of uterine capacity occurs when fetuses in excess of the uterine capacity of each gilt die before
parturition. Leymaster ef al. (1986} and Christenson et al. (1987, 1988) established that the number of fully
formed pigs (litter size) of unilatzrally hysterectomized—ovariectomized (UHO) gilts is a physiologically
valid method for measuring uterine capacity per uterine homn in individual gilts. UHO results in com-
pensatory ovarian hypertrophy of the remaining ovary (Brinkley et al., 1964; Dziuk, 1968), but does not
appear to result in uterine hypertrophy of the remaining uterine horn (Leymaster ef al., 1986; Christenson
et al,, 1988). Thus, the UHO model doubles the number of ova or potential embryos per uterine horn and
provides the opportunity to study effects of uterine capacity on fetal mortality and on litter size at birth,
to identify physiological factors affecting uterine capacity, and to determine the heritability of uterine
capacity.

Bennett and Leymaster (1989) hypothesized that prenatal mortality occurs in two phases resulting
from distinctly different mechanisms. In the first phase, ovulation rate is reduced to the number of
potentially viable embryos by factors inherent to the ovum/embryo, and this phase is independent of
uterine capacity. Causes of this reduction include ovulation of primary oocytes, fertilization failure,
polyspermy, chromosomal aberrations and abnormal blastocyst development. These reductions occur
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Fig. 3. Relationship between litter size (LS) at birth and ovulation rate {OR) for control and unilateraliy
hysterectomized—ovariectomized (UHO) white crossbred gilts. Ovulation rate and litter size data
collected on UHO gilts were multiplied by two to represent a bivariate distribution on a total uterine
basis. Letters (control) and numbers (UHO) in the graph represent the number of litters {for example
A=1B=2and 1 = 1,2 = 2) observed. (Adapted from Christenson et al,, 1987.)

before day 20-25 of gestation (Hunter, 1966; Wrathall, 1971; Scofield, 1972; Flint ef al., 1982; Koenig et
al., 1986). Such factors are considered inherent to the ovum/embryo and are not directly associated with
limitations of the maternal uterine environment (Dziuk, 1968; Longenecker and Day, 1968; Fenton et af.,
1970: Pope et al., 1972; Webel and Dziuk, 1974; Knight ef al., 1977). The probability of survival during
this phase is called potential embryonic viability.

The second phase of prenatal mortality occurs only when the number of potential viable embryos
present at 25-30 days of gestation exceeds uterine capacity. This reduction is a consequence of compe-
tition among embryos/fetuses for limited maternal resources (Longenecker and Day, 1968; Bazer ef al,
1969; Fenton et al, 1970; Webel and Dziuk, 1974: Knight et al, 1977; Christenson ef al, 1987).
Consequently, the uterine capacity of each female interacts with ovulation rate and potential embryonic
viability to determine prenatal mortality and litter size.

Using Meishan, Large White, and reciprocal crossbred gilts, Haley and Lee (1990) reported that
Meishan and reciprocal-crossbred gilts had a 20% greater prenatal survival to parturition than that of
Large White gilts at any given ovulation rate. Similarly, L. D. Young (unpublished observations) has
found a 17% advantage in.prenatal survival to day 100 of gestation for Meishan F, crossbred versus
Duroc F, crossbred gilts. This genetic expectation is one-half of the genetic expectation reported by
Haley and Lee (1990). These experiments combined suggest that Meishan pigs have a 20-34% advan-
tage relative to Duroc and Large White pigs in prenatal survival at any given ovulation rate over the
range of ovulation rates for these breeds. If prenatal survival throughout gestation is greater in Meishan
gilts as a result of reduced prenatal mortality, what factor(s) contributes to this increased prenatal sur-
vival? Bazer et al. (1988b) suggested that the increased prenatal survival of the Meishan female may result
from an increased uniformity of embryonic development. However, Wilmut et al. (1992) and Anderson ef
al. (1993) found no difference in within litter variation of embryonic developmeﬁt for Meishan and
European gilts and sows before day 12 of gestation. In addition, Ashworth e al. (1992) found no evidence
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of greater uniformity among littermate Meishan fetuses than among littermate Landrace x Large White
fetuses between 27 and 31 days after mating. It is, therefore, unlikely that greater uniformity of
embryonic development provides an adequate explanation for the increased prolificacy of Meishan pigs.

Evaluation of embryonic development data at day 30 of gestation for Meishan and European gilts
yielded more consistent data than did evaluations earlier in gestation. Bazer et al. {1988b) reported no
difference in embryonic weight and embryonic length at day 30 of gestation for Meishan and Large
White gilts, but did report smaller placental weights and allantoic fluid volumes for Meishan than for
Large White gilts. Ashworth et al. (1992) and Christenson (1993) reported smaller embryonic weights and
lengths, placental weights (not reported by Ashworth ef al, 1992), and allantoic fluid volumes at day
30 of gestation for Meishan than for white crossbred gilts. The observation that fetal size differences
are largely controlled by the maternal genotype {Ashworth ef al., 1990) is apparent as early as day 30
of pregnancy. This lends support to the hypothesis that a contributing factor to Meishan prolificacy is
a maternal ability to control embryonic/fetal and placental growth, thus possibly reducing fetal
competition and effectively increasing uterine capacity.

The above results using Meishan pigs suggest that uterine capacity has a genetic component, and
evidence of intra-line genetic variation of uterine capacity has recently been reported for mice (Kirby and
Nielsen, 1993) and pigs (Gama and Johnson, 1993). In addition, direct comparison of uterine capacity of
Meishan and European breeds of pig using the UHO gilt shows that Meishan pigs have a greater uterine
capacity (Haley and Lee, this supplement). Pigs selected for uterine capacity or which already possess
increased uterine capacity (i.e. Meishan pigs) may prove useful for increasing litter size and determining
other physiological factors and the biochemical basis of uterine capacity.

Uterine Development

Neonatal uterine growth and development may influence subsequent adult uterine function and have a
significant effect on prenatal survival during early gestation (maternal recognition of pregnancy) and
during the later fetal period (uterine capacity). Neonatal uterine development has been described grossly
{Dyck and Swierstra, 1983; Wu and Dziuk, 1988) and histologically (Hadek and Getty, 1959; Bal and
Getty, 1970; Erices and Schnurrbusch, 1979) in European pigs from birth to puberty. Neonatal porcine
uterine growth, as measured by uterine horn length and weight, develops in an ovary-independent mode
before day 60 of neonatal life (Wu and Dziuk, 1988). During this period, the porcine uterine wall
undergoes dramatic remodelling events including appearance and proliferation of endometrial glands,
formation of endometrial folds, and growth and development of the myometrium (Hadek and Getty,
1959; Bal and Getty, 1970; Erices and Schrurrbusch, 1979; Dyck and Swierstra, 1983). A variety of
morphological events and biochemical factors are involved in the early development of the uterus of
neonatal pigs and these have been reviewed by Bartol et al. (this supplement).

Although numerous studies have been conducted in European pigs, only Miyano et al. (1990a, b) and
Christenson et al. (1992) have compared ovarian and uterine development in neonatal Meishan and
European breeds of gilt. In general, morphological uterine development {uterine weight and length,
endometrial and myometrial thickness) from 1 to 45 days of age was similar for Meishan and European
breeds of gilt. Marked increases in ovarian and uterine horn weight, endometrial, circular and longitudi-
nal myometrial thickness (or cross-sectional area) were observed by day 60 in Meishan and by 90-100
days of age in European breeds of gilt. These increases are probably due to the first appearance of ovarian
vesicular follicles in Meishan (about 45 days of age) and in European (about 70 days of age) gilts. Using
histological evaluation, Miyano ef al. (1990a) observed uterine gland differentiation on day 1 of age in
two of two Meishan and zero of two Landrace gilts. Christenson ef al. (1992) found evidence of uterine
gland differentiation in one of four Meishan and in one of seven white crossbred gilts on day 1 of age. At
14 days of age. all Meishan and white crossbred gilts had uterine glands, and gland development
increased steadily in both breeds through 42 days of age (Christenson et al., 1992). After ovarian vesicular
follicle appearance at approximately 45 days of age in Meishan gilts (Miyano ef al, 1990b), a marked
increase in uterine gland development was observed by 60 days of age and, although not determined, a
similar increase is expected in European breeds by 90—100 days of age. In addition to histological evalu-
ation, Christenson ef al. (1992) cultured tissue obtained from Meishan and white crossbred gilts on day 1,
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14, 28, 42 or 56. Culture for 24 h in the presence of {*H]leucine followed by two-dimensional polyacryla-
mide gel electrophoresis (2D-PAGE) and fluorography were used to identify ['Hlleucine-labelled proteins
secreted by neonatal uterine tissue during uterine gland development. For both breeds, secretion of at
least three proteins increased in clear temporal association with uterine gland development (Christenson
et al., 1992), including one (M, x 107*/pl; 20/5.5) that crossreacts with antiserum to retinol-binding
protein (Vallet et al, 1992). In addition, production of one protein (37/4.0) increased by day 28 in
Meishan but not in white crossbred gilts, whereas production of another protein (13/6.0) increased in
white crossbred but not in Meishan gilts by 56 days of age. Although specific regulatory roles for locally
produced uterine proteins remain to be defined, the observation that biochemical events associated with
neonatal endometrial gland development may differ between a recognized prolific and a European breed
of pig supports the idea that these events may affect subsequent adult uterine function.

Uterine and Placental Function

The mechanism by which the uterus and placenta interact to accomplish their respective roles during
gestation in swine has been studied for years. Information is available on several aspects of both uterine
and placental function, and reviews summarizing this information are available (Davis, this supplement:
Roberts, this supplement). In this section, only a brief summary of this information will therefore be
presented.

The endometrium secretes nutrients in the form of histotroph. Proteins that are known or suggested
to transport nutrients to the developing conceptus include uteroferrin (Roberts and Bazer, 1980) and
retinol-binding protein {Roberts and Bazer, 1988). These proteins are secreted by the glands of the
endometrium predominantly in response to progesterone (Chen ef al., 1975; Adams et al,, 1981), In fact,
Basha et al. (1979) reported that the cohort of endometrial proteins secreted during pregnancy is con-
trolled by progesterone, whereas the presence of the conceptus influences only the rate of secretion of
the progesterone-induced proteins. Oestrogen in combination with progesterone increases endometrial
secretion of uteroferrin (Roberts and Bazer, 1980), retinol-binding protein (Trout et al., 1992), and total
luminal protein in general (Knight et al., 1974). The effects of progesterone and oestrogen on secretion of
uteroferrin and retinol-binding protein appear to be mediated at least in part by increases in mRNA
(Simmen et al, 1991; Trout ¢ al., 1992). It is well established that the pig conceptus secretes cestrogen at
several stages during development. Secretion of cestrogen by the conceptus occurs between days 11 and
15 and is thought to be part of the signal for maternal recognition of pregnancy (Bazer and Thatcher,
1977). This period coincides with increased secretion of histotroph from the endometrium (Geisert et al.,
1982}. Oestrogen secretion falls and then rises again to a peak at day 30 of gestation (Robertson and
King, 1974). This rise in oestrogen occurs coincidentally with a peak in allantoic fluid volume (Knight ef
al,, 1977) and an increase in endometrial retinol-binding protein mRNA (Trout ef al., 1991). Oestrogen
secretion by the conceptus falls to a nadir at about day 40 of pregnancy and then increases again
gradually to a peak at term (Robertson and King, 1974).

The uptake of uteroferrin by the pig placenta provides a model for the mechanism by which the
placenta absorbs histotroph proteins. Electron microscope studies indicate that the placenta takes up
uteroferrin by fluid phase pinocytosis and transfers it to the fetal circulation (Raub et al., 1985). The liver
then absorbs uteroferrin from the fetal circulation (Saunders ef al,, 1985). Uteroferrin, which is not cleared
by the liver, is secreted into the allantoic sac where mechanisms exist to recover the iron and return it to
the fetus (Buhi ef al., 1982). The allantoic sac provides a reservoir for excess proteins of endometrial origin
and this is reflected by the amounts of secreted endometrial proteins found in allantoic Auid (Buhi ef al,
1983). Little information regarding factors (including fetal factors) that influence the efficiency of uptake
or utilization of nutrients by the placenta is available.

Because the Meishan pig has better prenatal survival than other breeds, it provides a useful model to
examine the influence of uterine and placental function during the time of maternal recognition of preg-
nancy in prolific Meishan and European breeds of pig. Bazer et al. (1991) reported that the uterus
of Meishan pigs secretes more total protein, immunoglobulin A and G, acylaminopeptidase, glucose,
fructose and prostaglandin E and F,, and less acid phosphatase at day 14 of pregnancy than do Large
White pigs. Simmen ef af. (1989) reported differences in the presence of insulin-like growth factor I (IGF-1)
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Fig. 4. Relationship of the component traits of litter size, uterine
development, and uterine and placental function in pigs.

and uterine luminal mitogen between Meishan and Large White breeds. They reported that the temporal
pattern of IGF-l concentrations was altered during the time of maternal recognition of pregnancy in
Meishan versus Large White pigs with the peak of IGF-] concentrations occurring later in Meishan pigs.
There was also a trend for Large White pigs to have higher concentrations of the uterine luminal mitogen
than do Meishan pigs. Taken together, these data suggest that uterine function in Meishan pigs may be
enhanced compared with European breeds, and may partially explain their increased prolificacy.

Although the experiments summarized above have yielded information on several of the functions
performed by the uterus and placenta during pregnancy in pigs, few studies have attempted to link the
known biochemistry of the uterus and placenta to the later fetal period (uterine capacity). Studies in which
uterine capacity has been exceeded have shown that under crowded uterine conditions, significant fetal
loss occurs between day 30 and day 45 of pregnancy {Knight ef al, 1977; Chen and Dziuk, 1993).
Although the biochemical basis for the death of the fetuses during this period has not been studied, some
suggested mechanisms may be hypoxia, waste accumulation or lack of some essential nutrient. The
sensitivity of fetuses during this critical period suggests that studying uterine and placental factors during
this period may be useful in elucidating the specific causes of fetal loss under crowded uterine conditions.
Vallet and Christenson (1993) studied endometrial and placental protein secretion in white crossbred gilts
in which crowded and uncrowded uterine environments were created by ligating one uterine hormn 4 days
after mating. Endometrial and placental protein secretion was examined by culturing tissue obtained on
days 25 and 35 of gestation and then subjecting the culture medium to 2D-PAGE and fuorography. On
both days, placental and fetal weights were smaller in the crowded than in the uncrowded uterine
environment. Results showed that the secretions of four placental proteins were changed when uterine
space per conceptus was altered, whereas protein secretion and [*H]thymidine incorporation by the endo-
metrium were not changed. Endometrial adaptation to crowding may therefore be limited, and the con-
ceptus may respond to decreased uterine space by alterations in placental function. Similar comparative
studies have not been completed in Meishan and white crossbred gilts.

Conclusion

Studies of the components of litter size in Meishan and European breeds of swine have suggested
mechanisms that may contribute to the prolificacy of Meishan pigs. Evidence suggests that Meishan pigs
differ in neonatal uterine development and in uterine and placental function during gestation. The
influence of uterine development and uterine and placental function is, therefore, important in our concept
of litter size in swine (Fig. 4).

The authors thank the Swine Operations Staff for assistance with management of pigs, D. Sypherd for technical
assistance, and L. Pamell for assistance in preparing this manuscript,
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