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ABSTRACT: The effect of prepubertal retinyl
palmitate treatment on uterine development and
uterine capacity was determined. Gilts remained
intact or were unilaterally hysterectomized-ovariec-
tomized (UHO) on d 28, 84, or 112 of age. Starting at
birth, half of the gilts in each UHO group were treated
with retinyl palmitate (14,000 IU·kg−1·wk−1) and half
received control carrier solution. All intact gilts
received control carrier solution. Blood samples (d 28,
56, 84, and 112 of age) were analyzed for retinoid and
retinol-binding protein (RBP). At UHO, part of the
excised uterine horn was processed for morphometric
analysis of the uterine wall, and tissues were in-
cubated in minimal essential medium with [3H]leucine
to assess total protein and RBP production. After
puberty, gilts were mated and then killed on d 44 to
47 of pregnancy; uterine length, number of corpora
lutea and fetuses, and fetal, placental, and empty

uterine weights were recorded. Endometrial tissues
were incubated in minimal essential medium with
[3H]leucine, and nondialyzable radioactivity, acid
phosphatase, and RBP production were measured.
During the prepubertal period, retinyl palmitate
treatment decreased ( P < .05) myometrial area
(longitudinal and circular), but it had no effect on
other components of the uterine wall or production of
nondialyzable radioactivity or secretion of RBP by
uterine tissue. During pregnancy, prepubertal retinyl
palmitate treatment increased ( P < .05) uterine
length but had no effect on uterine weight, number of
fetuses, placental or fetal weights, or endometrial
production of nondialyzable radioactivity, acid phos-
phatase, or RBP. Therefore, prepubertal retinyl palmi-
tate treatment at the dosage administered had no
effect on uterine capacity.
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Introduction

Litter size in swine is influenced by ovulation rate,
fertilization rate, early embryonal mortality (loss
occurring before d 30), and uterine capacity
(Christenson et al., 1987). Several experiments indi-
cate that a minimum length of uterus per conceptus
exists, below which losses due to deficiencies in
uterine capacity become evident (Chen and Dziuk,
1993; Wu et al., 1987, 1989). Thus, there are two
obvious strategies for increasing uterine capacity: 1)
increase the overall size (i.e., length) of the uterus
and 2) increase uterine function so that a given length
of uterus is capable of supporting more fetuses to
term. Factors that influence the extent or efficiency of

uterine development could be expected to influence
one or both of the strategies and lead to changes in
uterine capacity.

One possible factor that may influence uterine
development is retinol. Previous studies indicate an
association between uterine gland development and
uterine secretion of a retinol-binding protein ( RBP) -
like protein (Vallet et al., 1995). Furthermore,
increased uterine gland development was obtained
when neonatal gilts were treated for the first 14 d of
life with retinyl palmitate (Vallet et al., 1995). The
objective of the current study was to determine
whether retinyl palmitate treatment during the
prepubertal period has any permanent beneficial
effect on uterine development or subsequent uterine
capacity.

Materials and Methods

Seventy neonatal white crossbred (1/4 Landrace, 1/
4 Yorkshire, 1/4 Chester White, 1/4 Large White) gilts
were randomly assigned to remain intact (n = 10) or
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be unilaterally hysterectomized and ovariectomized
( UHO) on d 28, 84, or 112 of age (n = 20 each day)
using the procedure described by Christenson et al.
(1987). Gilts were fed standard diets for their ages;
all diets contained 5,280 IU of vitamin A/kg of feed.
Beginning at birth, 10 of the gilts assigned to UHO on
each day received weekly i.m. injections of 14,000 IU/
kg BW retinyl palmitate (200,000 IU/mL), and 10
gilts received injections of control carrier solution
(retinyl palmitate and control carrier preparations
were provided by Stuartproducts, Bedford, TX) for 12
wk; all intact gilts received control carrier solution.
This period was chosen because it represents the
period when the uterus grows in the absence of the
ovary (Bartol et al., 1993) and is therefore a period
when extraovarian factors, such as retinol, may be
important. Blood samples (5 mL) were collected by
jugular venipuncture into heparinized syringes from
each gilt on d 28, 56, 84, and 112. Plasma was
collected after centrifugation (1,000 × g) and was
stored at −20°C until it was assayed for retinoid
(Vallet et al., 1995; the assay does not distinguish
between retinol and retinyl esters) and RBP (Vallet,
1994).

After UHO, the excised uterine horn was trimmed
of mesometrium and weighed, and then a piece (1 cm
in length) of the uterine horn was fixed in 4%
paraformaldehyde in PBS and processed for histology
and morphometric analysis as described by Vallet et
al. (1995). Uterine tissue was sectioned at a right
angle to the long axis of the uterus to allow
measurement of the areas of the various uterine wall
components. The remainder of the uterus from each
gilt was cut in half longitudinally, then uterine slices
were cut into 1- to 2-mm pieces, and uterine tissue
(200 mg) was incubated in minimum essential
medium ( MEM) containing one-tenth the normal
amount of leucine, plus 50 mCi of [3H]leucine, using
conditions described by Vallet and Christenson
(1993). After incubation, culture medium was dia-
lyzed (three changes of 10 mM Tris, pH 7.4), and
aliquots were subjected to scintillation counting to
determine nondialyzable radioactivity (measures total
protein secretion) and immunoprecipitation for im-
munoreactive RBP ( irRBP) as described by Vallet et
al. (1995).

Of the 70 gilts, 61 survived to adulthood. One gilt
died within the 1st wk of life. Another had an
abnormal uterus at UHO and was dropped from the
experiment. Another died during surgery. Two gilts
were euthanatized due to hernias from surgery that
could not be repaired. Another was euthanatized after
a leg injury that failed to improve. The final three
gilts died of unknown causes apparently unrelated to
the surgery or treatments. Gilts were checked daily for
estrus beginning at 200 d of age and were mated after
exhibiting an estrous cycle of normal duration (18 to
24 d). Most pigs were mated at their second detected

estrus, and a few were mated at their third estrus.
Gilts were observed for estrus for at least 100 d to
attempt to mate them. Gilts were mated in the
morning of standing estrus and in the morning of the
next day. Boars used were randomly allocated for
breeding. Of the 61 gilts available, four gilts failed to
cycle and two were not pregnant at slaughter. Two
others were inadvertently slaughtered on the wrong
day and were not included in the analysis. On d 44 to
47 of pregnancy, gilts were slaughtered and reproduc-
tive tracts were collected. This period of pregnancy
was chosen because previous experiments indicate
that limitations in fetal survival due to uterine
capacity are measurable at this time (Knight et al.,
1977; Chen and Dziuk, 1993; Vallet and Christenson,
1993). Uterine length and number of corpora lutea
( CL) were recorded and then, using aseptic tech-
nique, the uterus was opened, the fetuses were
removed, counted, and weighed, and the placentae
were dissected from the endometrium. After trimming
the mesometrium and straightening the uterine horn,
uterine length was measured at room temperature
using a tape measure within 30 min after slaughter.
Endometrial tissues adjacent to two different placen-
tae chosen at random were collected into 20 mL of
MEM and kept at 4°C until culture. The empty
uterine horn was then weighed. Endometrial tissue
(500 mg) from each gilt was prepared for culture in
MEM containing one-tenth the normal amount of
leucine plus 5 mCi of [3H]leucine, using conditions
described by Vallet and Christenson (1993). After 24
h of culture, medium was collected after centrifugation
(1,000 × g) and dialyzed against 10 mM Tris, pH 8.2.
Nondialyzable radioactivity, acid phosphatase activity
(Vallet and Christenson, 1994), and RBP concentra-
tions were then measured in the dialyzed samples.
Inter- and intraassay CV for the RBP RIA were 8.9
and 9.2%, respectively. Limit of detection of the assay
(least standard in the curve) was 10 ng/mL.

Statistical Analysis

Weekly body weights for gilts were analyzed
separately with linear regression to estimate the
growth rate for each gilt. Rate of gain estimates were
then analyzed with analysis of variance using a model
that included the effect of treatment (retinyl palmi-
tate or vehicle), day of UHO (intact, d 28, 84, or 112),
and their interaction.

Plasma retinoid and RBP concentrations were
analyzed with analysis of variance using a model that
included the effects of day of age, treatment (vehicle
intact, vehicle UHO, or retinyl palmitate UHO), and
the age × treatment interaction. The following or-
thogonal contrasts were used to examine the effect of
day of age: 1) d 112 vs d 84, 2) d 84 and 112 combined
vs d 56, and 3) d 56, 84, and 112 combined vs d 28.

Repeatability of the morphometric measurements of
the uterine wall components at each age used was
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Figure 1. Least squares means (± SE calculated from
analysis of variance) for plasma retinoid (a) and retinol
binding protein (RBP; b) are illustrated for vehicle-
treated intact gilts, vehicle-treated unilaterally hysterec-
tomized-ovariectomized (UHO) gilts, and retinyl palmi-
tate-treated UHO gilts. There was a treatment × age
interaction (P < .01) for plasma retinoids, which was due
to greater plasma retinoids in gilts treated with retinyl
palmitate. No treatment × age interaction or treatment
effect was detected for RBP, although there was an effect
of day of age (P < .05). Contrasts indicated that serum
RBP concentrations were lower (P < .05) on d 28 than on
d 56, 84, and 112.

calculated from the error and gilt within-treatment
variances obtained from duplicate measurements of
uterine, longitudinal myometrial, circular myometrial,
endometrial, glandular epithelial, and luminal
epithelial areas for each gilt.

Uterine horn weight, nondialyzable radioactivity,
and irRBP produced by uterine tissue in culture and
the morphometric measurements (average of two
determinations for each gilt) of the uterine wall were
analyzed with analysis of variance using a model that
included the effects of day of age, treatment (retinyl
palmitate or vehicle), and the day of age × treatment
interaction. Uterine horn weight and the morphomet-
ric measurements were transformed to logarithms,
because the variances were heterogeneous. Contrasts
were used to determine the specific effects of day of
age when analysis of variance indicated a significant
effect of day. Morphometric measurements were also
analyzed using analysis of variance after conversion to
percentages of the total uterine cross-sectional area.

For adult gilts, age at puberty, age at breeding,
number of CL, number of fetuses, empty uterine
weight, uterine length, allantoic fluid volume, and
endometrial nondialyzable radioactivity, acid phos-
phatase, and RBP production were analyzed using a
model that included the effect of treatment (vehicle
intact, vehicle d 28 UHO, vehicle d 84 UHO, vehicle d
112 UHO, retinyl palmitate d 28 UHO, retinyl
palmitate d 84 UHO, and retinyl palmitate d 112
UHO). Treatment effects were evaluated using the
contrasts described in Table 1. Fetal and placental
weights were analyzed as above using day of slaughter
(d 44 to 46) as a covariate. Data for two gilts
slaughtered on d 47 of pregnancy were deleted from
this analysis, because the measurements for this day
were not evenly distributed between treatments and
were, therefore, confounded with treatment. All other
traits were unaffected by day of pregnancy at slaugh-
ter. Simple correlations were calculated between all
traits measured in adult UHO gilts.

Results

Rates of gain were not affected by UHO at any age
or by retinyl palmitate treatment (not shown). A
treatment × age interaction was detected for plasma
retinoid concentration ( P < .01); plasma retinoid was
greater in retinyl palmitate-treated gilts during the
treatment period (d 28 and 84) and decreased to
control concentrations by d 112 (Figure 1). No effect
of retinyl palmitate treatment or treatment × age
interaction was detected on plasma RBP (Figure 1),
although there was an effect of day of age ( P < .05).

Least squares means for traits measured on neona-
tal gilts are summarized in Table 2. Repeatabilities of
morphometric measurements of the uterus ranged
from .91 (d 28 and 112) to .93 (d 84) for uterine area,

.79 (d 28) to .93 (d 84) for longitudinal myometrium,

.70 (d 28) to .95 (d 84) for circular myometrium, .75
(d 28) to .90 (d 112) for endometrial area, .61 (d 28)
to .95 (d 112) for glandular epithelial area, and 0 (d
28) to .86 (d 112) for luminal epithelial area; these
results indicate that duplicate measurements of each
trait, except luminal epithelial area, are sufficient to
provide an accurate determination of the traits. No
day of age × treatment interaction was detected for
any trait measured. An effect of day of age was
detected for uterine weight ( P < .01), nondialyzable
radioactivity ( P < .01), irRBP ( P < .05), uterine area
( P < .01), longitudinal myometrial area ( P < .01),
circular myometrial area ( P < .01), endometrial area
( P < .01), and luminal epithelial area ( P < .01). An
effect of retinyl palmitate treatment was detected for
only longitudinal and circular myometrial areas ( P <
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Table 1. Orthogonal contrasts used to evaluate traits in adult gilts either left intact
(I) or unilaterally hysterectomized-ovariectomized (UHO) on day 28, 84, or

112 and treated with either vehicle (V) or retinyl palmitate (R)

aParentheses contain the number of gilts in each group.
bContrast 7 was used instead of Contrast 6 when the main effect of retinyl palmitate treatment (Contrast 3) was significant. Contrast 7 is

orthogonal with Contrasts 1, 2, 4, and 5, but not 3.

Treatment

I UHO, d 28 UHO, d 84 UHO, d 112

Contrast V(7)a V(7) R(6) V(8) R(8) V(8) R(9)

( 1 ) UHO, d 84 vs UHO, d 112 0 0 0 1 1 −1 −1
( 2 ) UHO, d 28 vs UHO, d 84 + UHO, d 112 0 1 1 −.5 −.5 −.5 −.5
( 3 ) Main effect, retinyl palmitate 0 1 −1 1 −1 1 −1
( 4 ) Interaction, UHO, d 84, d 112, and retinyl palmitate 0 0 0 1 −1 −1 1
( 5 ) Interaction, UHO, d 28, d 84 + d 112 and retinyl palmitate 0 1 −1 −.5 .5 −.5 .5
( 6 ) Main effect, UHO 1 −.167 −.167 −.167 −.167 −.167 −.167
( 7 ) Main effect, UHO, alternateb 1 −.33 0 −.33 0 −.33 0

.05), although areas of the other uterine components
also decreased numerically after retinyl palmitate
treatment. No effect of retinyl palmitate was detected
on individual uterine wall components when results
were expressed as a percentage of total uterine area.

Least squares means for traits measured on adult
pregnant gilts are summarized in Table 3. No age at
UHO × retinyl palmitate treatment interactions and
no effect of age at UHO were detected for any of the
traits measured; therefore, the results obtained from
gilts that received UHO at different ages were
combined. Age at puberty was unaffected by either
UHO or retinyl palmitate treatment. Age at breeding
was unaffected by UHO treatment, but it was later ( P
< .05) in retinyl palmitate-treated gilts. Examination
of the data indicates that the increased age at
breeding was most likely due to breeding more retinyl
palmitate-treated gilts on their third cycle for manage-
ment reasons (i.e., some gilts were not bred on their
second cycle when breeding them would have resulted
in too many gilts at slaughter). The difference in
mean age at breeding between treatment groups
(approximately 17 d) is small and is therefore
unlikely to meaningfully influence the other factors
measured. An effect of retinyl palmitate treatment
was detected only for uterine length ( P < .05). Effects
of UHO were detected for number of fetuses ( P < .05),
empty uterine weight ( P < .01), and uterine length ( P
< .01). None of the other traits was affected by retinyl
palmitate or UHO treatment.

Number of fetuses in adult UHO gilts was posi-
tively correlated with number of CL (r = .51, P < .01),
endometrial RBP secretion (r = .46, P < .01), and
uterine length (r = .36, P < .05) and negatively
correlated with average placental weight (r = −.58, P <
.01) and average fetal weight (r = −.46, P < .01).
Endometrial RBP secretion was negatively correlated
with placental weight (r = −.40, P < .01) and fetal
weight (r = −.59, P < .01).

Discussion

Our results indicate that treatment of gilts during
the prepubertal period with retinyl palmitate in-
creased uterine length in adult gilts. Results obtained
during the prepubertal period indicate that the retinyl
palmitate treatment inhibited myometrial develop-
ment. These effects could be the result of conversion of
retinyl palmitate to retinoic acid, followed by activa-
tion of retinoic acid receptors within the developing
myometrium. Retinoic acid receptors control transcrip-
tion of a variety of genes and could, therefore,
influence development of tissues in which they are
present (DeLuca, 1991). It seems possible that
decreased myometrial development could increase
uterine length, because the strength of the contractile
state of the myometrium likely influences uterine
length. These results contrast with previous results; a
specific effect of retinyl palmitate on endometrial
gland area was detected (Vallet et al., 1995). Several
possible explanations for the disparity in the results
could be suggested. First, the dosage used previously
(10,000 IU/d) was greater than that used in the
current experiment and resulted in a greater increase
in plasma retinoids than that reported here and also
resulted in an increase (28%) in plasma RBP. In the
current experiment, retinyl palmitate treatment did
not influence plasma RBP concentrations. It is possi-
ble that the greater doses used previously are
necessary to obtain increased plasma RBP and en-
dometrial gland development. Because long-term
treatment of gilts with 10,000 IU/d of retinyl palmi-
tate seemed likely to result in toxicity, reduced
dosages were used in the current experiment. A second
possibility is that the stimulation caused by early
retinyl palmitate treatment may not be a permanent
alteration in endometrial gland development. Retinyl
palmitate may accelerate development without affect-
ing the overall extent of development. Thus, by 28 d of
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Table 2. Uterine weight (g), production of nondialyzable radioactivity (dpm × 10−6/g of tissue),
immunoreactive retinol binding protein (relative units/[g·tissue]), and morphometric
measurements (mm2) for neonatal gilts treated with vehicle (V) or retinyl palmitate

(R; 14,000 IU/[kg·wk]) and unilaterally hysterectomized on day 28, 84, or 112 after birth

aEffect of day of age ( P < .01).
bEffect of day of age ( P < .05).
cEffect of retinyl palmitate ( P ≤ .05).
dMeans ± SE calculated from analysis of variance; numbers of observations in parentheses.

Day of age

Trait and treatment 28 84 112

Uterine wta

V .68 ± .89 (10)d 5.45 ± .94 ( 9 ) 11.71 ± .94 ( 9 )
R .61 ± 1.00 ( 8 ) 3.92 ± .89 (10) 10.95 ± .89 (10)

Nondialyzable radioactivitya

V .89 ± .07 (10) .76 ± .07 ( 9 ) 1.16 ± .07 ( 9 )
R .85 ± .08 ( 6 ) .74 ± .07 ( 9 ) 1.18 ± .07 (10)

Immunoreactive retinol binding proteinb

V 24.3 ± 3.2 (10) 14.3 ± 3.8 ( 9 ) 21.3 ± 3.8 ( 9 )
R 20.8 ± 4.7 ( 6 ) 14.0 ± 4.0 ( 8 ) 16.3 ± 3.2 (10)

Uterine areaa

V 5.09 ± 2.68 (10) 30.29 ± 2.84 ( 9 ) 39.92 ± 2.84 ( 9 )
R 4.86 ± 3.04 ( 8 ) 24.55 ± 2.68 (10) 34.66 ± 2.68 (10)

Longitudinal myometrial areaac

V .58 ± .47 (10) 5.11 ± .50 ( 9 ) 6.13 ± .50 ( 9 )
R .60 ± .53 ( 8 ) 3.59 ± .47 (10) 5.18 ± .47 (10)

Circular myometrial areaac

V 1.57 ± .63 (10) 6.93 ± .67 ( 9 ) 9.55 ± .67 ( 9 )
R 1.44 ± .71 ( 8 ) 5.22 ± .63 (10) 8.18 ± .63 (10)

Endometrial areaa

V 2.95 ± 1.80 (10) 18.23 ± 1.91 ( 9 ) 24.27 ± 1.91 ( 9 )
R 2.82 ± 2.04 ( 8 ) 15.75 ± 1.80 (10) 21.32 ± 1.80 (10)

Uterine glandular epithelial areaa

V .40 ± .27 (10) 2.57 ± .29 ( 9 ) 2.72 ± .29 ( 9 )
R .43 ± .31 ( 8 ) 1.91 ± .27 (10) 2.77 ± .27 (10)

Uterine lumenal epithelial areaa

V .19 ± .07 (10) .55 ± .07 ( 9 ) .81 ± .07 ( 9 )
R .13 ± .08 ( 8 ) .50 ± .07 (10) .70 ± .07 (10)

age the advantage caused by retinyl palmitate treat-
ment may no longer be present.

Despite increased length of the uterus due to retinyl
palmitate treatment and a significant correlation
between uterine length and number of fetuses, there
was no change in uterine capacity due to retinyl
palmitate treatment as measured by litter size in
UHO gilts. Litter size in UHO gilts has been used
previously to measure uterine capacity (Christenson
et al., 1987). The fact that UHO treatment signifi-
cantly decreased litter size compared to that in intact
pigs indicates that UHO treatment effectively reduced
uterine space below that necessary to maintain all
available embryos. Thus, UHO treatment in this
experiment was an effective means to measure treat-
ment effects on uterine capacity, but retinyl palmitate
at the dosage used did not influence uterine capacity.

Several reports indicate that uterine length and
litter size in UHO pigs are correlated (Wu et al., 1987,
1989; Chen and Dziuk, 1993). The correlation be-
tween uterine length and litter size does not allow a

conclusion as to cause and effect (i.e., is the uterus
larger because more conceptuses are present, or are
there more conceptuses present because the uterus is
larger?). Results of the current experiment indicate
that the increase in uterine length due to retinyl
palmitate is not due to increased number of concep-
tuses because no increase in litter size was detected.
Furthermore, the effect of retinyl palmitate on uterine
length remains after correction of the data for number
of conceptuses using covariate analysis (data not
shown). Thus, the increase in uterine length does not
seem to be due to increased number of conceptuses.

It has been estimated that each potential conceptus
requires 25 cm of uterine length or greater for fetal
survival to d 41 to be unaffected. Retinyl palmitate
increased uterine length by 20 cm, indicating that
uterine capacity should have increased by .80 pigs per
litter. As previously indicated, no such increase was
detected; however, with the number of pigs used in
this experiment and the variation in litter size in
UHO gilts, even if such an increase had been obtained
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Table 3. Reproductive traits for gilts slaughtered on days 44 to 47 of gestation after prepubertal treatment
of intact gilts with vehicle (V-I) or unilaterally hysterectomized-ovariectomized (pooled across age

at UHO) gilts with vehicle (V-UHO) or retinyl palmitate (14,000 IU/[kg·wk]; R-UHO)

aNumber of observations was 7 for V-I and 23 for V-UHO and R-UHO.
bMeans ± SE calculated from analysis of variance.
cEffect of retinyl palmitate ( P < .05).
dEffect of UHO ( P < .05).
eEffect of UHO ( P < .01).
fCorrected using day of slaughter as a covariate. Number of observations was 7, 21, and 23 for V-I, V-UHO, and R-UHO, respectively.

V-I V-UHO R-UHO

Age at pubertya 219.9 ± 9.9b 213.4 ± 5.2 220.2 ± 5.2
Age at breedingc 245.1 ± 9.8 239.5 ± 5.1 256.3 ± 5.1
Number of corpora lutea 11.4 ± 1.1 11.1 ± .6 11.8 ± .6
Number of fetusesd 10.3 ± .9 7.8 ± .5 8.0 ± .5
Empty uterine wt, kge 1.19 ± .07 .74 ± .04 .79 ± .04
Uterine length, cmce 257.1 ± 13.8 140.7 ± 7.2 161.4 ± 7.2
Placental wt, gf 61.0 ± 6.3 51.4 ± 3.4 54.9 ± 3.3
Fetal wt, gf 19.8 ± .8 18.6 ± .4 19.3 ± .4
Allantoic fluid vol, mL 68.9 ± 14.4 66.6 ± 7.5 78.8 ± 7.5
Endometrial nondialyzable radioactivity (dpm × 10−5/g tissue) 2.32 ± .27 2.00 ± .14 2.28 ± .14
Endometrial retinol binding protein, mg/g of tissue 71.8 ± 12.6 66.8 ± 6.6 63.1 ± 6.6
Endometrial acid phosphatase activity, mmole Pi/(min·g tissue) 55.5 ± 8.3 57.9 ± 4.3 63.2 ± 4.3

it would not have been statistically significant. Much
greater sample sizes would be required to determine
whether this increase in uterine length increases
uterine capacity.

Significant correlations were obtained between
endometrial RBP secretion and litter size. This result
indicates that secretion of RBP by the endometrium
during this period of pregnancy may have an influence
on the survival of pigs and therefore uterine capacity.
Recently, a hypothesis to explain fetal loss due to
limitations in uterine capacity has been suggested in
which uteroferrin may be lethal to underdeveloped
fetuses in crowded uterine environments due to the
ability of uteroferrin to catalyze lipid peroxidation
(Vallet, 1995). Significant increases in uteroferrin
secretion by endometrium occur coincident with peri-
ods of fetal loss due to intrauterine crowding (Knight
et al., 1977; Basha et al., 1979; Chen and Dziuk, 1993;
Vallet and Christenson, 1993; Christenson et al.,
1995a,b). Retinol binding protein has been shown to
be capable of inhibiting the lipid peroxidation cata-
lyzed by uteroferrin. Furthermore, if RBP is capable of
protecting smaller conceptuses from loss, this would
tend to decrease the average placental and fetal
weights in a litter and may explain the negative
correlations with placental and fetal weights. Other
explanations are possible; however, the current results
are consistent with the above hypothesis and indicate
that factors that stimulate endometrial RBP secretion
may increase uterine capacity. Endometrial RBP
secretion seems to be correlated with conceptus
estrogen production (Trout et al., 1992; Harney et al.,
1994); however, RBP secretion by endometrium is
unaffected by estrogen treatment of either UHO
(treatment from d 30 to 45; Vallet and Christenson,
1994) or intact pigs (treatment from d 30 to 60; J. L.

Vallet, unpublished observations). Factors capable of
influencing RBP secretion by endometrium would
therefore be useful in further testing the relationship
between uterine capacity and RBP secretion.

In conclusion, long-term treatment of prepubertal
gilts with retinyl palmitate influences uterine develop-
ment (specifically myometrial development) and in-
creases uterine length. However, the increase in
uterine length did not increase uterine capacity in
treated gilts. Endometrial secretion of RBP was
correlated with uterine capacity, indicating that fac-
tors that are capable of stimulating endometrial RBP
may be useful in increasing uterine capacity during
first gestation.

Implications

Long-term prepubertal treatment of gilts with
retinyl palmitate at a dose of 14,000 IU/(wk·kg of
body weight) does not substantially influence uterine
capacity during first gestation.
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