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Opiate Withdrawal in utero Increases Neonatal

Morbidity in the Rat

Abstract. Long-term oral administration of the long-acting opiate l-a-acetylmeth-
adol (LAAM) to female rats beginning on the day of conception interfered with the
dams’ ability to carry litters to term. When treatment was initiated 3 weeks prior to
mating this effect was not observed. Daily administration of the opiate antagonist
naloxone from day 14 of gestation through term, to precipitate withdrawal in utero,
resulted in increased stillbirths, decreased pup weight and size, and weight loss 24
hours after birth. These data question the validity of animal experiments which
purport to be models for methadone maintenance programs but in which treatment is
started immediately prior to or soon after conception. They also suggest that
withdrawal in utero may be responsible for many of the adverse effects of opiates on

human and animal development.

In the United States methadone main-
tenance is the major form of therapy for
heroin addiction. Considerable data have
been gathered concerning the effects of
methadone on the pregnant addict and
her offspring. It is generally accepted
that children born to methadone addict-
ed women have a higher incidence of
morbidity (for example, low birth
weights) and mortality than do those
born to nonaddicted women (I, 2). These
data, however, are difficult to interpret
because many of the women use other
drugs concurrently, few receive ade-
quate prenatal care, and some may even
experience withdrawal during pregnancy
(2—4). When these factors are controlled,
perinatal morbidity and mortality are sig-
nificantly reduced (2).

Studies in the rat (5) have shown that
offspring exposed to methadone in utero
have low birth weights. The possibility
that drug withdrawal in utero, rather
than the direct effect of opiates on
growth, may be responsible for the low
birth weights has not been investigated.
This is a reasonable alternative, since
methadone is commonly administered
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once daily, even though the half-life of
methadone in rat plasma after long-term
administration of the drug is less than 2
hours (6). This schedule of administra-
tion might therefore result in opiate with-
drawal prior to the subsequent injection,
as has been demonstrated in rats injected
twice daily with morphine (7). That the
fetus may itself experience withdrawal
has been shown in the lamb (8) and chick
(9) by injection of the antagonist nalox-
one into the opiate-dependent fetus.
Stryker (3) has recently presented clini-
cal evidence for spontaneous fetal with-
drawal from methadone, as shown by
heart rate aberrations, increased fetal
activity, and by meconium-stained amni-
otic fluid at birth.

The present study was undertaken to
determine if withdrawal in utero, rather
than opiate exposure per se, is responsi-
ble for at least some of the adverse
effects of opiates in humans and other
animals. We also examined the role of
tolerance in the severity of so-called
direct drug effects. One question was
whether extended opiate treatment
would attenuate any detrimental effects

of the opiate that might occur as a result
of the drug not being given until near the
time of conception (5, 10).

We administered [-a-acetylmethadol
(LAAM), a long-acting derivative of
methadone, to pregnant rats. In clinical
trials for treatment of heroin addiction,
LAAM is administered three times per
week, whereas methadone is adminis-
tered daily (/7). Animal studies have
shown that LAAM is more potent and
longer acting than methadone (/2), and
results in a more stabilized state of de-
pendence (13). We have shown (14) that
operant behavior is suppressed for at
least 24 hours after a single dose of
LAAM, but completely recovers within
5 hours after relatively high doses of
methadone. By using the long-acting opi-
ate and by precipitating withdrawal with
naloxone we hoped to distinguish be-
tween the direct effects of the opiate and
those produced by withdrawal in utero.
To study tolerance, we initiated treat-
ment for one group of rats 3 weeks
before they were mated and for a second
group, at the time of conception.

The rats were Sprague-Dawley de-
rived females (Holtzman) weighing ap-
proximately 280 g. LAAM (1 or 4 mg/kg)
was administered orally in water, by
gavage. For rats treated 3 weeks before
being mated, the first three doses were
spaced 3 days apart, the next two were 2
days apart, and all remaining doses were
administered daily. After 21 days the
females were randomly assigned to
males of proved fertility (Holtzman).
They were placed with the males for ten
consecutive days or until mating had
occurred, as determined by the presence
of sperm in a vaginal lavage taken each
morning. To study the effects of with-
drawal in utero, naloxone (1 mg/kg) (Nx)
was administered subcutaneously to half
of the rats 4 and 2 hours before their dose
of water (WNx) or LAAM (1LNx and
4L.Nx) from day 14 of gestation through
parturition. The remaining rats received
saline (WS, 1LS and 4LS). To study
tolerance, a second group of females, as
yet untreated, were mated as described.
After conception (+C) they were as-
signed to treatment groups and given
water (W+C) or LAAM (1 or 4 mg/kg)
(IL+C or 4L +C) daily but were not
injected with saline or naloxone during
gestation.

Successful mating occurred in about
85 percent of all females, and was not
affected by treatment. With the excep-
tion of the 4L+ C group, 81 percent (47
of 58) of these matings resulted in the
delivery of a litter. However, only 12.5
percent (one of eight) 4L.+C dams deliv-
ered litters. Examination of the uteri of
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Table 1. Effects of LAAM or withdrawal from LAAM on rat pups at birth and after 24 hours.
Data are expressed as mean = SEM and were analyzed by ANOVA using litters as the
experimental unit. Duncan’s New Multiple Range test was utilized for comparison of individual
treatment means if a significant (p < .05) treatment effect was observed.

Num-
ber Implan- Percentage
Group (_’f tation Decidua Live pups - l:ircenttetigf survivingg
lit- sites pecte 24 hourst
ters
WS-W+C 12 124 =05 11.7 =05 11.5+05 985 = 1.0 100.0 = 0.0
WNx 4 135+« 1.7 123 =21 12019 985 = 15 938 = 6.3
1LS 7 14306 131 =08 11.7=15 889 = 97 64.3 = 15.3%
IL+C 6 133 08 118 =09 11.2 =08 950+ 34 50.0 = 17.1%
1LNx 6 122 06 11.0 =07 75=13 68.1 = 1048 36.0 = 13.3§
4LS 6 13.5 06 12706 105+ 1.0 839+ 8.5 45.8 = 20.8%
4LNx 5 124+13 114 =16 8.6 = 2. 74.7 £ 14.4§ 25.0 = 15.8§

*Percentage expected = (live pups/decidua) x 100; data were transformed (arc sin square root) to reduce

variance prior to statistical analysis,
(see text). EP < .05, compared to WS -W+C.

the remaining dams in this group 22 days
after conception (that is, on the expected
day of parturition) did not reveal the
presence of implantation sites or resorp-
tions. In comparison with the 4L+C
group, 85.7 percent (six of seven) 4L.S
dams ‘carried their litters to term
(P < .01, Fisher’s exact probability test)
(15).

Administration of naloxone from day
14 of gestation through parturition pre-
cipitated a daily weight loss of approxi-
mately 25 g in dams treated with either
dose of LAAM (/6). Despite the weight
loss precipitated each day, this effect
was only transient, since maternal
weight gain during gestation was no dif-
ferent  across  treatment  groups
[F(6,39) = 1.7, P > .10]. ;

Although treatment with LAAM prior
to conception did not reduce the number
of implantation sites or decidua or in-
crease the number of resorptions, prena-
tal withdrawal from either dose of
LAAM did reduce litter size (Table 1).
Stillbirths, early deaths, or infanticide
are presumed responsible for this effect.

- Pups prenatally exposed to LAAM did
not differ from controls in body weight or
nose-to-tail length at birth (Fig. 1). Pups
prenatally withdrawn from either dose of
LAAM, however, demonstrated signifi-
cantly reduced birth weights (Fig. 1A)
and nose-to-tail lengths (Fig. 1B).

In an attempt to study the effects of
postnatal withdrawal, litters were culled
to no more than eight pups, half of which
were injected subcutaneously with nal-
oxone (0.5 ug/g), and the remainder with
saline. Of 102 pups (27 litters) prenatally
exposed to LAAM with or without pre-
natally administered naloxone, 94 died
within 24 hours when given naloxone
postnatally. In contrast, only one of 60
pups (16 litters) prenatally exposed to
water died after postnatal administration
of naloxone (x° = 127.5; P < .0001).

944

tData represent survival only of pups injected with saline after birth

§P < .05, compared to WNx.

Many of the LAAM-exposed pups ap-
peared cyanotic soon after receiving na-
loxone, suggesting that their cardiovas-
cular-pulmonary system was not suffi-
ciently developed to cope with the stress
of withdrawal. The survival for 24 hours
of pups injected with saline at birth was
significantly reduced in all LAAM
groups (Table 1). In addition, whereas
significant weight gain (P < .05) was ob-
served in WS—-W+C (10.3 = 1.4 per-
cent, mean x standard error) and WNx
(13.8 = 1.9 percent) pups, 1ILS (-0.6 =
3.8 percent), 1IL+C (—0.8 = 2.2 per-
cent), and 4LS (1.4 = 7.8 percent)
pups did not gain weight, and 1LNx
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Fig. 1. Effect of prenatally administered
LAAM and precipitated withdrawal from
LAAM on (A) body weights and (B) nose-to-
tail lengths of pups at birth. Litters were born
to mothers exposed to water (W) or 1 or 4 mg
of LAAM per kilogram per day (/L or 4L)
starting 3 weeks before conception and given
saline (S) or naloxone (Nx) (1 mg/kg) twice
daily from day 14 of gestation through parturi-
tion, or first exposed to water or LAAM (1
mg/kg per day) 1 day after conception (W+C
or 1L+ C). Numbers at the bottom of the bars
represent the number of litters per treatment
group used for analysis. Data are expressed as
mean = standard error. Asterisks indicate
P < .05 compared to WNx (/9).

(—8.6 = 4.3 percent) and 4LNx (-8.0
+ 3.4 percent) pups actually lost weight
(P < .05). The 1L+ C pups did not differ
from ILS pups on any parameter mea-
sured in this study.

Thus, initiating long-term opiate ad-
ministration at the time of conception
(4L +C) interferes with normal repro-
ductive function of females such that
implantation does not occur or, if it does,
hormonal balance is so altered that preg-
nancy cannot be maintained. Tolerance
to this effect does develop since treat-
ment for 3 to 4 weeks prior to mating
(4L.S) negated this effect. Although a
prerequisite for admittance into metha-
done maintenance programs is a long-
standing history of opiate addiction (17),
in many animal studies treatment is initi-
ated near the time of conception or
sometime during gestation (5, /0). Such
studies may lead to erroneous conclu-
sions concerning the risk to the pregnant
addict or her offspring, since the clinical
use of the drug has not been approximat-
ed.

Our data clearly demonstrate the ef-
fects of withdrawal in utero on the out-
come of pregnancy. Litters from dams
put through withdrawal daily from day
14 of gestation through parturition had a
higher incidence of stillbirths and early
deaths, lower birth weights, and shorter
nose-to-tail lengths. In the first 24 hours
after birth these pups lost weight, where-
as water-treated pups gained weight and
LAAM-treated pups did not change
weight. These data support the hypothe-
sis that withdrawal in utero may be re-
sponsible for the higher incidence of
stillbirths, low birth weights, and small
size reported in animal and clinical stud-
ies with opiates.

The doses of LAAM used in this study
were not without effect themselves. Al-
though the LAAM-exposed pups were
no different from controls at birth, differ-
ences did emerge within the next 24
hours. Survival of the LAAM-exposed
pups was reduced and those which did
survive did not gain weight comparable
to controls. Whereas postnatal with-
drawal may be responsible for the in-
creased mortality, as was shown when
withdrawal was precipitated by direct
injection of the neonate with naloxone,
chronic intoxication, due to the persis-
tent activity of LAAM or its metabolites
in the rat (12, 14, 18), might also depress
feeding or other behavior necessary for
normal growth and survival and thereby
result in diminished growth and in-
creased mortality.

Our data indicate that studies in which
treatment of pregnant rats is initiated at
the time of conception or soon afterward
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may not be relevant to clinical mainte-
nance strategies and may lead to errone-
ous conclusions regarding risk to the
pregnant addict or her child. Further-
more, withdrawal in utero rather than
continuous opiate exposure may be re-
sponsible for many of the detrimental
sequelae reported for this class of drugs.
LEONARD LICHTBLAU
SHELDON B. SPARBER
Department of Pharmacology,
University of Minnesota
Minneapolis 55455
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Prenatal Withdrawal from Opiates Interferes with Hatching of

Otherwise Viable Chick Fetuses

Abstract. Fetal chicks were made opiate-dependent by injections of N-desmethyl-
l-a-acetylmethadol into the chorioallantois on day 3 of embryogenesis. The injec-
tions had no effect on subsequent hatchability; however, spontaneous fetal motility
was significantly depressed. Injection of naloxone caused a significant increase in
the motility of the opiate-exposed fetuses but had no effect on control fetuses. That
naloxone’s effect was an expression of opiate withdrawal and not due to antagonism
of depressed motility is also supported by the observation that naloxone significantly
reduced the hatchability of opiate-exposed chicks and not of control chicks. Thus the
withdrawal of a developing organism from a narcotic may be more deleterious to its

survival than continued exposure.

Both the effects of maternal narcotic
addiction on the newborn infant and the
neonatal narcotic withdrawal syndrome
have been subjects of extensive discus-
sion (I-4). Although the diagnosis of
withdrawal is often difficult to make,
approximately 85 percent of infants born
to addicted women show some signs of
withdrawal (3, 4). Less information is
available concerning fetal withdrawal,
which may present as great a threat to
the fetus and neonate as does postnatal
withdrawal to the neonate. Fetal with-
drawal, as evidenced by an increase in
fetal motility and a high incidence of
placental staining by meconium (3, 5),
may or may not be coincident with ma-
ternal withdrawal. However, maternal
withdrawal may itself exacerbate the ef-
fects of fetal withdrawal (3, 5). The pos-
sibility of fetal distress due to withdrawal
and of abortion or premature labor have
prompted some clinicians to recommend
maintaining pregnant addicts on low

doses of methadone. Others, in view of
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Fig. 1. Effect of naloxone on hatchability of
chick fetuses exposed to propylene glycol or
NLAAM. The open bar represents the hatch-
ability of vehicle-treated fetuses given saline
or naloxone on the 19th day of incubation
(N = 30). The shaded bars represent the
hatchability of fetuses treated with NLAAM
(2.5 mg/kg) and given saline or naloxone on
day 19.

the apparent toxic effects of opiate expo-
sure (6), encourage a drug-free state dur-
ing pregnancy or try to gradually reduce
the doses to the lowest possible level
before delivery.

We sought to determine whether the
effects of an opiate are less detrimental
to normal fetal development than with-
drawal precipitated by naloxone. Several
reports have described adverse conse-
quences of fetal exposure to opiates (7);
some of these effects may be attributed
to a direct action on the developing fe-
tus. However, many of these sequelae
may be secondary consequences of in
utero withdrawal [resulting from inap-
propriate dosing schedules (8) in species
that rapidly metabolize or excrete opi-
ates]. By using chick fetuses, we were
able to examine the direct effects of
opiates on a developing organism in the
absence of the maternal-fetal interaction
present in viviparous species (9). The
opiate used was N-desmethyl-/-a-acetyl-
methadol (NLAAM) (/0), a long-acting
substance. By using NLAAM in lieu of
the parent compound, we did not have to
rely on the immature metabolizing capa-
bilities of the chick embryo to ensure its
exposure to the most potent metabolite,
which is probably responsible for most
of the pharmacological effects in animals
and man (/0).

Fertile eggs of a White Leghorn strain
were obtained from a local hatchery,
randomly assigned to vehicle or drug
treatment groups, and placed in a rotat-
ing forced-air incubator maintained at
38°C and 58 percent relative humidity.
On the third day of incubation, 30 ul of
vehicle (50 percent propylene glycol) or
NLAAM (2.5 or 3.4 mg per kilogram of
egg) was injected into the chorioallantois
(11).

In the first experiment we determined
whether naloxone affects the hatchabil-
ity of fetuses treated with NLAAM. On
the 19th day of incubation, the chorioal-
lantois of eggs treated with vehicle or
NLAAM (2.5 mg/kg) was injected with
0.9 percent saline or naloxone (1.0 or 10
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