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Abstract

Opioids produce antinociception, and ingested placenta or amniotic fluid modifies that antinociception. More specifically, ingested
placenta enhances the antinociception produced by selective activation of central k-opioid or 6-opioid receptors but attenuates that produced
by activation of central p-opioid receptors. Opioids also slow gut transit by acting on central or peripheral p-opioid receptors. Therefore, we
hypothesized that ingested placenta would reverse the slowing of gut transit that is produced by morphine, a preferential p-opioid-receptor
agonist. Rats were injected with morphine either centrally or systemically and fed placenta, after which gastrointestinal transit was
evaluated. We report here that ingested placenta reversed the slowing of gut transit produced by centrally administered morphine but did not
affect the slowing of gut transit produced by systemically administered morphine. These results suggest another likely consequence of
placentophagia at parturition in mammals—reversal of opioid-mediated, pregnancy-based disruption of gastrointestinal function—as well as
an important consideration in opioid-based treatments for pain in humans—enhancement of desirable effects with attenuation of adverse

effects.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Placenta or amniotic fluid, when ingested, enhances the
antinociception produced by endogenous and exogenous
opioids [17—-19], including the endogenous opioid-mediated
antinociception that is characteristic of late pregnancy
[13,21] and that is produced by vaginocervical stimulation
[9,16,20]. The mechanism of action for this enhancement of
opioid processes has been elucidated by demonstrations that
enhancement is blocked by gastric vagotomy [27] and does
not rely on digestion of placenta [25], that ingested amniotic
fluid enhances the central nervous system (CNS) action, but
not the peripheral nervous system (PNS) action, of injected
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morphine [8], and that ingested placenta enhances opioid
antinociception mediated by k- or d-opioid receptors but
actually attenuates that mediated by p-opioid receptors [7].

Another effect of central or systemic opioids is a
slowing of gut transit [3,6,15], which is believed to be
mediated by p-opioid receptor activity both centrally and
peripherally [2,12,23,24,28]. This is believed to occur
centrally by action in the dorsal vagal complex of the
hindbrain [10], which is part of the vagovagal neuro-
circuitry that influences gastrointestinal function [11], yet
it is believed to occur peripherally by disruption of the role
of local opioids in intestinal muscular contraction and
relaxation [22,23].

Because ingested placenta has been shown to inhibit
opioid processes that are mediated by p-opioid receptors, we
hypothesized that ingested placenta would reverse the slow-
ing of gut transit that is produced by administration of
morphine, a preferential p-opioid-receptor agonist.
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2. Materials and methods
2.1. Subjects

Nulliparous, female Long-Evans rats were used, all of
which were born and maintained in the Behavioral Neuro-
science Research Facility of the University at Buffalo De-
partment of Psychology. Rats were housed individually
under a 14:10 light/dark cycle (lights on at 0500h EST) in
32 X 20 x20-cm plastic cages (Experiment 1) or in
24.5 x 18 X 18-cm wire-mesh cages (Experiment 2) with
water and food (Harlan Teklad Rodent Diet 8640) available
ad lib. All rats exhibited at least two normal estrous cycles
prior to testing, as determined by daily microscopic inspec-
tion of vaginal epithelial cells obtained by vaginal lavage
with physiological saline. All rats weighed 230-320 g and
were 75—125 days of age at the time of testing. Rats in
Experiment 2 underwent stereotaxic surgery and were
allowed at least 2 weeks for postoperative recovery prior to
testing. Food and water were removed from all cages 2 h prior
to testing. All procedures were approved by the University at
Buffalo Institutional Animal Care and Use Committee.

2.2. Materials

Morphine sulfate (Sigma) was dissolved in physiological
saline vehicle prior to injection. A test meal, used to
determine gastrointestinal transit rate, was composed of
methyl cellulose (Sigma), deionized water, and green food
color (McCormick), mixed 3.5 g:100 ml:1 ml, respectively,
and allowed to stand for at least 1 h after mixing to reach
maximum viscosity. A 4 ml:1 ml mix of Ketaset (ketamine
hydrochloride, 100 mg/ml; Sigma) and Rompun (xylazine,
20 mg/ml; Sigma), respectively, was used as anesthetic for
surgery.

2.3. Placenta collection and administration

Rat placenta was collected from time-bred pregnant
female rats killed by CO, asphyxiation on Day 21 of
pregnancy (presence of vaginal sperm indicates Day 1).
The collection procedure in our laboratory is to remove
placentas from a rat immediately after death and, between
20 and 30 min after death, freeze the placentas at —20° C
for later use [18]. Pregnant-rat liver, which was also col-
lected during the placenta-collection procedure and treated
similarly, was used as a control substance for placenta in all
experiments, because it is similar in consistency and com-
position to placenta and it has been shown not to exhibit an
opioid-modifying effect [1]. Placenta or liver was presented
to each rat in a 37 X 25-mm Stender dish.

2.4. Procedural habituation

Rats were habituated to the testing procedure for 5 days
prior to testing by daily orogastric intubation without

infusion. Rats used in Experiment 2 were further habituated
each day to the handling they received during administration
of drug. Because it was necessary that rats eat placenta and
liver within 5 min during testing, all rats were also habit-
uated to these substances under the following schedule: rats
were each presented daily with 0.5 g of lean ground beef,
which they typically eat promptly, until they ate the ground
beef within 5 min on two consecutive days; then presented
daily with 0.5 g of ground beef with placenta (0.25 g each)
until they ate that within 5 min on 1 day; then presented
daily with 0.5 g of placenta until they ate that within 5 min
on two consecutive days; then presented daily with 0.5 g of
liver until they ate that within 5 min on 1 day. In our
laboratory, this habituation takes a mean of 7.54 & 2.85 days
to complete.

2.5. Stereotaxic surgery

To prepare for i.c.v. administration of drug in Experiment
2, a Kopf stereotaxic apparatus was used to implant an
indwelling, stainless steel, 22-ga, 6-mm-long guide cannula
into each rat’s brain. Each rat was anesthetized with an
injection (1.0 ml/kg i.p.) of the Ketaset-Rompun mix,
described above, and had a guide cannula implanted with
the ventral tip lying 0.5 mm above the right lateral ventricle
of the brain (coordinates were AP=0.0 mm from bregma,
ML= —2.0 mm from the midsagittal sinus, DV=—2.8 mm
from surface of the brain, with the incisor bar at +3.0 mm).
The guide cannula was secured to the skull with dental
cement and three stainless steel anchor screws fastened to
the skull. A stainless steel wire, cut to be flush with the
ventral tip of the guide cannula, was kept in the cannula to
maintain patency.

2.6. Drug administration

Anesthetic was injected with a 25-ga hypodermic needle
and a 1-cm® plastic syringe. Morphine was injected either in
a similar fashion (i.p.) or i.c.v. at a rate of 1.0 pl/min through
a stainless steel, 28-ga, 7-mm-long injection cannula
inserted through an indwelling guide cannula. This arrange-
ment allowed the injection cannula to extend into the lateral
ventricle | mm beyond the ventral tip of the guide cannula.
During i.p. injections, rats were held vertically in the
experimenter’s hand; during i.c.v. injections, rats sat on
the lap of the experimenter as the experimenter sat next to
the infusion pump.

2.7. Gastrointestinal transit evaluation

Gastrointestinal transit was evaluated by monitoring the
passage of a test meal through the small intestine. Test meals
were administered by orogastric infusion, and rats were
killed by CO, asphyxiation 15 min after infusion of the test
meal. An incision was then made on each rat’s ventrum
from 2 cm above the vagina to the sternum, and the small
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intestine was promptly clamped at the farthest-traveled
portion of the infused test meal. The small intestine was
then severed at both the duodenogastric and ileocecal
junctions, removed intact from the diaphragm, and laid
out taut for measurement. The length of the upper segment
of small intestine, from its duodenogastric end to the farthest
portion of the test meal, was measured, as was the entire
small intestine. Gastrointestinal transit was determined by
calculating the percentage of the small intestine that the test
meal traveled. The experimenter measuring gastrointestinal
transit was blind to the rat’s experimental condition at the
time of measurement.

2.8. Experimental design and procedure

Experiment 1 was performed to determine whether
ingested placenta can reverse the effect of systemically
administered morphine on gastrointestinal transit. Six rats
were randomly assigned to each of eight groups in a
4 x 2 design, Systemic Morphine Dose X Ingestate. Dur-
ing testing, rats were injected with morphine sulfate at
one of four doses (0.00, 0.05, 0.50, 3.00 mg/kg, i.p.).
Ten minutes later they were presented with either pla-
centa or liver (0.5 g), which they promptly ate, and 5
min later were infused orogastrically with a test meal.
Infusion of the test meal lasted approximately 15 s.
Gastrointestinal transit was evaluated 15 min after infu-
sion of the meal.

Experiment 2 was performed to determine whether
ingested placenta can reverse the effect of centrally admin-
istered morphine on gastrointestinal transit. Six rats were
randomly assigned to each of six groups in a 3 X 2 design,
Central Morphine Dose X Ingestate. During testing, rats
were presented with either placenta or liver (0.5 g), which
they promptly ate. Five minutes later they were injected
centrally with morphine sulfate in 0.5 pl physiological
saline vehicle at one of three doses (0.0, 2.5, 20.0 ng,
i.c.v.), and 15 min later were infused orogastrically with a
test meal. Gastrointestinal transit was evaluated 15 min after
infusion of the meal. To verify cannula placement after
transit was evaluated, each rat was injected with methyl blue
dye (0.5 pl, i.c.v.) in the same fashion that morphine was
administered. Each rat’s brain was then removed, frozen at
—14° C, and sliced at 40 um. Accurate placement and
infusion was indicated by the presence of dye in the lateral
ventricle. The experimenter who verified placement site was
blind to the rat’s experimental condition at the time of
verification.

2.9. Statistical analyses

Parametric analyses were performed when appropriate,
and, when possible, analyses were performed on a personal
computer using statistical software. The specific tests used
are described below. All analyses were performed using
o=0.05.

3. Results

In Experiment 1, ingested placenta did not affect gut
transit that had been slowed by systemically administered
morphine. Fig. 1 shows gastrointestinal transit as a function
of morphine dose and ingestate for rats injected systemically
with morphine. Six of the twelve rats (three liver-fed, three
placenta-fed) that were injected with the highest dose of
morphine showed 0% gastrointestinal transit, which likely
contributed to the statistically significant difference between
the highest and lowest group variances, F(7, 40)=3.15,
p=0.01. Because of these extreme values, nonparametric
statistical analyses were used. Independent Kruskal—Wallis
one-way analyses revealed a significant effect of dose of
morphine on gut transit in placenta-fed rats, H(3)=14.98,
p=0.002, and in liver-fed rats, H(3)=9.22, p=0.026, such
that a larger dose of morphine produced a greater slowing of
gut transit. The same effect was seen in all (pooled) rats,
H(3)=22.97, p<0.001. There was no difference, however,
between the liver- and placenta-fed rats at any of the four
doses of morphine, as revealed by Mann—Whitney U-tests
(p>0.39).

In Experiment 2, however, ingested placenta did reverse
the slowing of gut transit that was produced by centrally
administered morphine. Fig. 2 shows gastrointestinal transit
as a function of morphine dose and ingestate for rats
injected centrally with morphine. The extreme variances
seen in Experiment 1 were not seen in this experiment, so
parametric statistical analyses were used. A two-way
ANOVA revealed a significant effect of dose of morphine,
F(2, 30)=10.50, p<0.001, such that a larger dose of
morphine produced a greater slowing of gut transit, and a
significant interaction between dose of morphine and inges-
tate, F(2, 30)=5.49, p=0.009. Because of the problem
interpreting main effects in the presence of an interaction,
independent one-way ANOVAs were performed on the data
from the liver- and placenta-fed rats. There was a significant
effect of dose of morphine on gut transit in liver-fed rats,
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Fig. 1. Mean percent gastrointestinal transit ( = S.E.M.) for rats that were
injected intraperitoneally with morphine and then fed liver (hatched bars) or
placenta (open bars).
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Fig. 2. Mean percent gastrointestinal transit ( + S.E.M.) for rats that were
fed liver (hatched bars) or placenta (open bars) and then injected
intracerebroventricularly with morphine (*»<0.01).

F(2, 15)=15.35, p<0.001, such that a larger dose of
morphine produced a greater slowing of gut transit, but
there was no effect of dose of morphine in placenta-fed rats,
F(2,15)=2.00, p=0.17. This latter result was undoubtedly
due to the fact that ingested placenta blocked the slowing of
gut transit that was produced by 20 pg morphine,
#(10)=3.72, p<0.01. Of the rats injected with 20 pg
morphine, the mean percent transit exhibited by liver-fed
rats was 8.79 * 8.79, whereas that exhibited by placenta-fed
rats was 38.84 + 5.14. Specifically, five of the six liver-fed
rats injected with 20 pug morphine showed 0% gastrointes-
tinal transit, but none of the six placenta-fed rats showed 0%
transit. Ingested placenta blocked the transit-slowing effect
of 20 pg morphine, such that gastrointestinal transit was not
different from that of rats injected with either 2.5 pg
morphine or saline. There was no difference between the
liver- and placenta-fed rats that were injected with either 2.5
png morphine or saline (p>0.54).

4. Discussion

The present research reveals that ingested placenta can
reverse the slowing of gut transit that is produced by
morphine acting centrally (Experiment 2). This same rever-
sal was not seen, however, when morphine was injected
systemically (Experiment 1). It is known that systemically
administered morphine can inhibit gastrointestinal transit
independent of a CNS morphine effect [14], and it is known
that ingested amniotic fluid modifies the CNS, but not PNS,
antinociceptive action of opioids [8], so it is reasonable to
conclude that the lack of placental influence in Experiment
1 was due to the peripheral action of morphine. The results
of Experiments 1 and 2 are consistent, then, with the results
of prior research that focused on antinociception, in that
they support the evidence that ingested placenta selectively
modifies the CNS-based action of opioids, and that such
modification is inhibitory when the opioid action is medi-
ated by p-opioid receptors.

Most of the research in our laboratory has used an
opioid-placenta order of presentation, similar to our protocol

in Experiment 1, which is the order that would occur at
parturition. We were reminded at the start of Experiment 2,
however, that a rat could disqualify herself from a trial if]
after being injected with morphine, she did not eat placenta
or liver within the required interval. Given the significant
resources invested in each rat (i.e., CNS surgery and
recovery), the time required to allow for metabolism of
the morphine before non-eating rats could be retested, and
the risk of damage during the interim to the rat and to the
cannula stage mounted to the rat’s head, we chose to present
placenta or liver 5 min before the morphine injection. Other
research in our laboratory has shown that the order of
presentation is irrelevant ([19], and personal observation),
and this placenta-opioid order of presentation is permissible,
given the duration of placental action [9].

As mentioned, ingested placenta or amniotic fluid enhan-
ces the antinociception of late pregnancy [13,21] and of
vaginocervical stimulation [9,6,20]. In addition to antinoci-
ception, a slowed gut transit is characteristic of late preg-
nancy [4]. Of particular importance, here, are the findings
that pregnancy antinociception is mediated by k-opioid [26]
and 6-opioid [5] receptors, that the opioid-based slowing of
gut transit is mediated by p-opioid receptors [2,12,23,
24,28], and that ingested placenta enhances k- and 6-
receptor-mediated antinociception but inhibits p-receptor-
mediated antinociception [7]. Therefore, as suggested by the
present results, ingestion of placenta or amniotic fluid at
parturition may enhance the antinociception of pregnancy as
well as help restore normal gut transit after parturition,
particularly when transit has been slowed by activity at p-
opioid receptors in the CNS.

The present results confirm that ingested placenta inhib-
its CNS p-receptor-mediated opioid processes, in this case
the slowing of gastrointestinal transit produced by mor-
phine. One of the widely studied side effects of opioid
treatment for pain in humans is a slowing of gastrointestinal
transit (constipation). Therefore, the present results, together
with prior results suggesting that ingested placenta or
amniotic fluid modifies, specifically, opioid function, should
make clear that the mechanism of placental modification of
opioid function has an important implication for human pain
management. This is particularly true given the possibility
that an understanding of the mechanism of placental action
could conceivably contribute to the development of adjunct
treatments for pain that enhance the desirable effects of CNS
opioids while actually blocking the undesirable effects of
those opioids.
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