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FIG. 1. Mean percent change from baseline (+S.E.M.) tail-flick
latency (TFL) of rats that ate either amniotic fluid + beef or beef
bouillon + beef, after receiving either a morphine (3 mg/kg, IP) or
saline (1 ml/kg, IP) injection (n==8/group). I=injection;
*=significantly different from all other groups. p<0.01.

does not, by itself, produce analgesia, are consistent with
our previous report on the effects of placenta ingestion on
morphine-induced analgesia [ 15]. The effect of amniotic-fluid
ingestion is more modest than the effect of placenta inges-
tion: ingestion of 4 g placenta produced an increase in TFL
of nearly 71% (over morphine controls) in 20 min, whereas
ingestion of 1 ml amniotic fluid elevated TFL by about
30-35% in the same amount of time. There is no reason to
assume, of course, that 4 g placenta and 1 ml amniotic fluid
are equivalent doses, but some pilot work we have con-
ducted on different doses of amniotic fluid indicates that a
45-50% increase in TFL, over that produced by morphine
alone, may be the maximum change.

EXPERIMENT 2

Apparently, rats show an endorphin release when con-
fronted with certain ‘‘naturalistic activating’™ stimuli, such
as the odors released from stressed rats [5], or the sight of a
live cat [18]. Afterbirth material may be in the same category
of stimuli for virgin rats; their response to it is intense but
dichotomous. Some virgin rats (and mice) approach it and
consume it immediately, completely, and avidly. The rest
behave as if they are afraid of it, backing into a corner,
attempting to leap out of the cage, or in the case of mice,
rattling their tails |14].

It is possible then, that the opiate-enhancement effect we
observed was due to the initial response the rats have to the
smell and perhaps sight of the afterbirth material, rather than
one specifically resulting from ingesting the material. In Ex-
periment 1 and in our previous papers [15,16], the rats that
ate the material were the only ones that saw and smelled it.
Therefore, the present experiment was designed to deter-
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FIG. 2. Mean percent change from baseline (+S.E.M.) tail-flick
latency (TFL) of rats that received an injection of morphine (3
mg/kg, IP) and either ate amniotic fluid + beef or beef bouillon + beef,
or were merely exposed to amniotic fluid + beef or beef bouillon + beef
(n==8/group; *=p<0.01).

mine whether seeing and smelling amniotic fluid (and beef),
but not ingesting it, is sufficient to produce enhancement of
opiate-mediated analgesia.

METHOD
Subjects

Sixteen Long-Evans virgin female rats, at least 90 days of
age and having regular estrous cycles, were used. All sub-
jects had received a single injection of morphine sulfate (3
mg/kg) some weeks prior to the start of Experiment 2. They
were housed and fed identically to the rats in Experiment 1.
Testing was conducted between 0800 and 1030 hr.

Apparatus

The TFL-testing apparatus was the same as that used in
Experiment 1.

Procedure

The procedures were the same as those used in Experi-
ment | for the morphine-treated rats, except that the dish
containing either beef bouillon + beef (Group BB/Expose) or
amniotic fluid + beef (Group AF/Expose) was placed 5 cm
beneath the center of the subject’s cage. These subjects were
exposed to amniotic fluid and bouillon before the test, as
were the subjects in Experiment 1.

The rats in this experiment were compared to those of
Experiment 1 that had ingested either bouillon + beef (Group
BB/Ingest) or amniotic fluid + beef (Group AF/Ingest)
after an injection of morphine sulfate (n=8/group). This re-
sulted in a 2x2x2 design: **Food’’ (amniotic fluid + beef,
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bouillon + beef) x Treatment (ingestion, exposure) X Time
(pre, post), with repeated measures on the Time factor.

RESULTS AND DISCUSSION

The results of the second experiment are presented in Fig. 2.

A 3-way ANOVA revealed a significant Food X Treatment
x Time interaction, F(1,28)=4.93, p<0.05. A probe of the
Food x Treatment interaction in the baseline condition (pre)
indicated that there were no significant differences between
the groups (BB/Ingest=3.53+0.04 sec; AF/Ingest=3.56=x0.11
sec.: BB/Expose=3.48+0.34; AF/Expose=3.54x0.09 sec),
F(1,56)<1.00.

The only TFLs that changed significantly as a conse-
quence of treatment (ingestion or exposure) were those of
the group that ingested amniotic fluid (Group AF/Ingest).
The TFLs of this group increased by about 40%, whereas
those of the other groups increased by only about 10%. The
increase in latency of Group AF/Ingest (pre=3.56+0.11 sec;
post=5.02+0.31 sec) was significant, F(1,28)=28.5, p<0.01.
The increases in latency shown by the other three groups
were not statistically significant. The post-treatment mean
latency of Group AF/Ingest was also significantly greater
than those of Groups BB/Ingest (3.80+0.16 sec),
F(1,56)=21.3, p<0.01, and AF/Expose (3.89+0.27 sec),
F(1,56)=18.48, p<0.01.

Clearly, sensory exposure to amniotic fluid (and beef) did
not enhance morphine-induced analgesia, whereas ingestion
of amniotic fluid (and beef) did.

EXPERIMENT 3

It is possible that the enhancing effect of amniotic fluid
ingestion on morphine analgesia, as observed in Experiment
1, was due to oropharyngeal factors such as the taste, tex-
ture, or effect on mouth tissues, rather than due to the effect
of the fluid in, or absorbed by, the stomach or intestine. It is
also possible that the effect seen in Experiment 1 was the
result of an interaction between amniotic fluid and beef. To
test for these possible confounds, we examined the effect on
morphine analgesia of amniotic fluid delivered directly to the
stomach by means of an orogastric tube.

METHOD
Subjects

Eight virgin adult Long-Evans female rats, with regular
estrous cycles, were used as subjects. They were housed and
maintained as described in Experiment 1.

Apparatus

The experimental and control fluids were administered by
means of an orogastric tube consisting of a 3.65-cm curved,
stainless steel intubation needle, having a 2.25-mm ball end
(Popper, Inc.). The needle was fitted to a 1-cc tuberculin
syringe.

Pain thresholds were assessed using the TFL testing
apparatus described in Experiment 1.

Procedure

Each rat was tested in each of four conditions: intubated
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F1G. 3. Mean percent change from baseline (+S.E.M.) tail-flick
latency (TFL) of rats that received either amniotic fluid or beef
bouillon by orogastric tube after receiving an injection of either
morphine (3 mgkg, IP) or saline (I mlkg, IP) (n=8/group).
I=injection; **=significantly different from all other groups,
p<0.01; *=significantly different from the morphine/beef bouillon
group, p<<0.01.

with amniotic fluid after morphine injection (Group M/AF);
intubation with beef bouillon after morphine injection (Group
M/BB); intubated with amniotic fluid after saline injection
(Group S/AF); intubated with beef bouillon after saline injec-
tion (Group S/BB). The order of conditions was counterbal-
anced. The rats were given a l-week interval between condi-
tions. In each condition, the rats were measured for baseline
TFL (Ty), injected with drug, 15 min later intubated with fluid,
and then given TFL tests 10, 30, 70, and 150 min after intu-
bation (Tg, T3, Tz, T150)- This resulted in a 2x2Xx5 design:
Drug (morphine, saline) X Fluid (amniotic fluid, beef bouil-
lon) x Time, with repeated measures on all three variables.
Amniotic fluid was collected and stored as described in
Experiment 1. Bouillon was mixed and stored as described in
Experiment 1. These fluids were administered in a volume of
1 ml over a period of 1 min, to rats that had been food and
water deprived for 3 hr. Each rat had been intubated five
times before the first test day (no fluid was infused).
Testing was conducted between 0800 and 1400 hr.

RESULTS AND DISCUSSION

The baseline mean TFLs (T,) did not differ among the
groups. They ranged from 3.29+0.16 sec (Group S/AF) to
3.48+0.06 sec (Group M/BB), F(1,32)<1.00.

The results of the third experiment are presented in Fig.
3. As in Experiment 1, the ingestion of amniotic fluid en-
hanced morphine analgesia, even when the amniotic fluid
was delivered by stomach tube. The 3-way ANOVA re-
vealed a significant Fluid X Drug interaction, F(1,7)=7.97,
p<0.05, and a significant effect of Time, F(4,28)=7.55,
p<0.01 (with a Greenhouse-Geisser correction).

The saline-injected rats (Groups S/AF and S/BB) showed
no significant change from baseline TFL.




AMNIOTIC FLUID AND ANALGESIA

813

TABLE 1

MEAN PERCENT CHANGE FROM BASELINE TAIL-FLICK LATENCY OF NALTREXONE- OR SALINE-
TREATED RATS AFTER RECEIVING MORPHINE AND AFTER INGESTING EITHER AMNIOTIC FLUID
OR BEEF BOUILLON

Test
THI Tl{(l
Fluid n Naltrexone Saline Naltrexone Saline
Amniotic Fluid 8 +2.0+19 +26.8 + 5.6* —0.69 = 1.1 +50.5 + 9.8%
Beef Bouillon 7 +2.7 2.7 +14.0 = 7.1* —1.89 + 1.8 +7.9 + 6.9

*Significantly greater than baseline and naltrexone group, p<0.01,
Significantly greater than all other means, p<0.01.

The morphine-injected group that received amniotic fluid
had significantly longer TFLs than all other groups, and than
its own baseline, at T, F(1,32)=8.21, p<<0.01, and T,
F(1,32)=7.21, p<0.01. By T;,, however, Group M/AF had
TFLs that were significantly longer than only Group M/BB,
F(1,62)=6.79, p<0.01. By T,;, there were no statistically
significant differences among the groups.

Although some of the rats that were injected with a
threshold dose of morphine, and that also received bouillon
(Group M/BB), showed an elevation of TFL at T, the group
did not differ significantly from the saline-injected groups.

These data were consistent with those of Experiment 1
and previous studies [15,16] in also showing that amniotic
fluid ingestion, in the absence of opiate-induced analge51a
does not produce analgesia.

EXPERIMENT 4

To verify that amniotic fluid specifically enhances the
opiate-mediated effects of morphine, rats were tested in a
design similar to that used in Experiment 3, except that half
of them received treatment with the opiate-blocker naltrexone
as part of the protocol.

METHOD
Subjects

Fifteen Long-Evans female rats, 90-150 days old, that
had demonstrated regular estrous cyclicity were used. They
were housed and maintained as described in Experiment 1.

Apparatus

The intubation instrument was an improved version of
that described in Experiment 3; rather than a steel intubation
needle, we used a blunted section of PE 203 tubing fitted to a
16-ga hypodermic needle.

Pain thresholds were assessed using the same TFL testing
apparatus described in the preceding experiments.

Procedure

Each rat was assigned to one of the two Fluid groups
(amniotic fluid, Group AF, n=8; beef bouillon, Group BB,
n=7) and tested in each of two Drug conditions (naltrexone,
saline). All rats received morphine (3 mg/kg, IP) on both

tests, which occurred 1 week apart, and were balanced so
that half the rats were tested with naltrexone first and the
remainder tested with saline first. Each test consisted of sev-
eral TFL determinations, resulting in a 2xX2x4 design: Fluid
(amniotic fluid, beef bouillon) X Drug (naltrexone, saline) X
Time, with repeated measures on the Drug and Time variables.

Since both morphine and Drug were injected, the se-
quence of procedures was slightly different from that de-
scribed in Experiment 3. The rats were habituated to the
restrainer and to the intubation procedure prior to testing, as
described previously. Food and water were removed 3 hr
prior to the test. For the test, first a Pre-Naltrexone/Pre-
Morphine baseline was determined. This was followed im-
mediately by a Drug injection (naltrexone, 5 mg/kg SC, or
saline, 1 ml SC). After 20 min, a Post-Naltrexone/Pre-
Morphine baseline was determined (T},), and a morphine in-
jection administered. Fifteen minutes later, the amniotic
fluid or beef bouillon was intubated, and after 10 min (T,,)
and 30 min (T,,), TFLs were again measured.

RESULTS AND DISCUSSION

A 2-way ANOVA determined that the Pre-Naltrexone/
Pre-Morphine and Post-Naltrexone/Pre-Morphine baselines
were the same for both the naltrexone and saline groups
(naltrexone: Pre=3.36%+0.08 sec; Post=3.33+0.07 sec;
saline: Pre=3.36=0.06 sec; Post=3.25+0.04 sec; F(1,14)=
1.04, p>0.05). Since the Pre-Naltrexone/Pre-Morphine and
Post-Naltrexone/Pre-Morphine baselines were the same,
only the Post-Naltrexone/Pre-Morphine baseline was used
for subsequent comparisons.

The results of Experiment 4 are summarized in Table 1.

As in Experiment 3, in the absence of naltrexone, amniotic
fluid significantly heightened morphine-induced analgesia at
both 10 and 30 min after ingestion, F(2,52)=49.00, p<0.01.
In the presence of naltrexone, however, not only was there
no effect of morphine on TFL, but amniotic fluid, too, was
ineffective, F(2,52)<<1.00. This is consonant with our previ-
ous report that the enhancing effect of placenta is specific to
opiate-mediated analgesia [15].

GENERAL DISCUSSION

In Experiment 1 we showed that ingestion of amniotic
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r‘ﬂuid enhances opiate-mediated analgesia, but although the
‘r‘fluid contains opioids [11], it is not, by itself, an analgesic.
{These results are consistent with our previous reports on the
effects of placenta-ingestion on opiate-mediated analgesia
[15,16]. In Experiment 2 we demonstrated that the effect of
amniotic fluid on opiate-mediated analgesia is the result of
ingestion of the fluid, not a reaction to the smell and sight of
the substance. In Experiment 3 we demonstrated that deliv-
ery of the fluid directly to the stomach, by means of an
orogastric tube, led to the enhancement effect, suggesting
that oropharyngeal factors such as taste (although that was
not entirely ruled out by the intubation procedure), texture,
and the necessity for chemical changes produced by compo-
nents of saliva, were not important. In Experiment 4 we
demonstrated that the analgesia-enhancing effect of
amniotic-fluid ingestion is specific to the opiate-mediated
analgesia produced by morphine. '

The dose of morphine used (3 mg/kg) was chosen because
it is close to the threshold dose for the production of
analgesia. In the present experiments, however, the eleva-
tion of TFL produced by morphine alone was considerably
less than that in our previous reports. The rats in the earlier
reports [15,16] had had no previous exposure to morphine,
whereas in the present experiments, the rats had had a prior
morphine injection (Experiments 1 and 2) or had two injec-
tions during the course of the experiment (Experiments 3 and
4). We have found that the TFL responses to 3 mg/kg mor-
phine are smaller and less variable if the rats had received a
previous injection of the same dose of morphine weeks ear-
lier. In the feeding paradigm, which was used in this and in
our previous reports, the first morphine injection elevated
TFL by about 35%, but if the procedure was repeated weeks
later, the same dose of morphine only produced an increase
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in TFL of about 10%. In the intubation paradigm (such as
that used in Experiments 3 and 4), the initial morphine
treatment elevated TFL by about 20%, whereas a repetition
weeks later produced an elevation of about 129%. This altera-
tion in the response to morphine by as few as one prior
treatment has been reported previously [10].

The finding that ingestion of amniotic fluid enhances
opiate-mediated analgesia, as does ingestion of placenta, is
particularly important for building a case that analgesia
enhancement is a major advantage of ingesting amniotic fluid
and placenta during and after delivery. If ingestion only of
placenta produced enhancement of opiate analgesia, we
would be hard-pressed to explain what advantage this would
have for mothers delivering only one neonate. The need to
reduce pain and discomfort is probably less after delivery
(when the placenta becomes available) than it is during de-
livery. Amniotic fluid ingestion, though, also produces
enhancement of opiate analgesia; since amniotic fluid is
available early in the delivery process, and has an effect
within minutes of ingestion, the advantage, as a reduction of
pain during delivery, would be significant even to monotoc-
ous mothers. Of course, it is possible that, as we have hy-
pothesized, the significant advantage of placentophagia is
opiate-enhancement, but that the important opiate effect en-
hanced is not analgesia, but another process. Enhanced
analgesia, therefore, might just be a desirable side-effect.
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