cent remained in tyramine), areas show-
ing intense labeling were similarly local-
ized within dense granule-containing ef-
ferent fibers. Sections parallel to the
cornea were surveyed for efferent pro-
files within ommatidia near rhabdoms.
All efferent profiles in this region were
labeled. We conclude that efferent fibers
in both ventral and lateral eyes synthe-
size and store octopamine.

The ability of efferent fibers to release
newly synthesized octopamine was test-
ed in experiments such as that illustrated
in Fig. 3. Ventral eyes were incubated
overnight in [*Hltyramine, rinsed with
normal saline, and then depolarized with
200 mM KCI in the presence of saline
containing either normal Ca?* or zero
Ca®* plus 2 mM CoCl,. Depolarization
dramatically increased the rate of efflux
of radioactivity from ventral eyes, and
approximately 60 percent of this radioac-
tivity was identified by high-voltage elec-
trophoresis as octopamine. No octopa-
mine was found in the rinses with normal
saline. Octopamine release was revers-
ibly blocked in saline containing zero
Ca®" plus CoCly; thus release is depen-
dent on extracellular calcium. Potassium
depolarization also stimulated octopa-
mine release in the lateral eve.

‘Many observations now support the
idea that octopamine, a known neuro-
transmitter of invertebrates (/2), is a
neurotransmitter in Limulus retinal effer-
ents. We have shown that Limulus eyes
contain and synthesize octopamine, that
new synthesized octopamine is located
exclusively in efferent fibers in both ven-
tral and lateral eyes, and that octopa-
mine is released from efferent fibers with
depolarization. Octopamine-stimulated
increases in adenosine 3’,5'-monophos-
phate have been measured in both ven-
tral photoreceptor cells (/3) and in lateral
eyes (/4), suggesting that octopamine
receptors are present in both types of
eyes. Low concentrations of octopamine
injected into lateral eyes also mimic elec-
trophysiological and anatomical effects
of natural efferent activity (/5).

Functions of efferent innervation to
Limulus ventral eyes are not known.
However, the frequent direct contacts
between octopamine-containing efferent
fibers and ventral photoreceptor rhab-
doms suggest that octopamine may be
involved in regulating sensitivity, rhab-
dom turnover, or other metabolic func-
tions of the photoreceptor cell. The iden-
tification of octopamine as a likely neu-
rotransmitter in efferents to lateral eyes
opens up new possibilities for investiga-
tions of the mechanisms of known effer-
ent effects. A thorough understanding of
the effects of octopamine and efferent
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innervation in the Limulus visual sys-
tem, a preparation that is already well
characterized, may provide a basis for
investigating efferent function in other
species and give new information on
basic sensory mechanisms.
B.-A. BATTELLE
J. A. Evans
Laboratory of Vision Research,
National Eye Institute,
Bethesda, Maryland 20205
S. C. CHAMBERLAIN
Institute for Sensory Research,
Syracuse University,
Syracuse, New York 13210
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Naloxone Reverses Neonatal Depression

Caused by Fetal Asphyxia

Abstract. Pregnant near-term rabbits were given an intravenous dose of saline or
the opiate antagonist naloxone and then asphyxiated. The fetuses were delivered by
cesarean section and evaluated for respiration, color, muscle tone, response to
stimulation, and general activity at 1, 3, 5, 10, 15, and 30 minutes of age. The
naloxone-treated pups had significantly better scores during the first 15 minutes after
birth than the saline-treated pups. Naloxone did not adversely affect the scores of
nonasphyxiated pups. These data suggest that endogenous opiates worsen the
neonatal depression caused by intrauterine asphyxia and that this effect can be

reversed by naloxone.

Endogenous opiates appear to play a
role in the ventilatory response of neo-
nates to asphyxia or hypoxia (/-3). In
the neonatal rabbit the primary apnea
induced by asphyxia is nearly abolished
by naloxone, an opiate antagonist (I).
The characteristic neonatal response to
hypoxia—respiratory stimulation fol-
lowed by respiratory depression—is also
abolished by naloxone (3). However,
naloxone does not affect the ventilatory
response to hypercapnia or hypoxemia
in the adult rabbit or human (3, 4). Thus,
endogenous opiates appear to influence
the ventilatory response to chemical
stimuli only early in life.

Many of the characteristics of the neo-
nate that has suffered intrauterine as-
phyxia mimic the effects of exogenously
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administered opiates: ventilatory depres-
sion, hypotonia or flaccidity, and de-
pressed reflex responses and spontane-
ous activity (5). We therefore postulated
that endogenous opiates might be impli-
cated in the neonatal depression seen
following intrauterine asphyxia.

On day 30 of pregnancy (full term is 31
days), rabbits were injected intravenous-
ly with naloxone (1 mg/kg) or saline (2.5
ml). Five minutes later, each doe was
placed in a 2-liter chamber into which
flowed nitrogen with 7 percent CO, at
the rate of 20 liters per minute, rapidly
replacing the air. Within 3 or 4 minutes
the animal died. Eight minutes after be-
ing placed in the chamber, the doe was
removed from the chamber and her uter-
us was exposed by laparotomy. At 10
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ninutes the fetuses were delivered as
-apidly as possible by cesarean section.
Jelivery took approximately 30 to 40
seconds. All the fetuses in the control
ind treated groups survived the asphyx-
al insult. The pups (six to eight per litter)
~ere placed in numbered bins and kept
warm by an overhead heating lamp. An
sbserver (R.J.C.) who did not know
vhether the doe had received saline or
1aloxone assessed the condition of the
sups 1, 3, 5, 10, 15, and 30 minutes after
heir delivery. The parameters were res-
siration (regular, shallow, or gasping or
ibsent), color (pink, dusky, or cyanotic),
nuscle tone {good, fair, or absent), re-
sponse to stimulation (good, fair, or ab-
sent), and general activity (good, fair, or
ibsent). For each parameter, 2, 1, or 0
»oints were scored, giving a maximum
score of 10 in a normal, healthy pup.

The 10-minute period of asphyxia was
:hosen because preliminary experiments
-evealed that after an 8-minute asphyxia-
ion all fetuses had scores of 9 or 10.
Prolonging the period of asphyxia to 15
ninutes killed half the fetuses.

Pups whose mothers received nalox-
e (N = 27) had significantly higher
scores 1, 3, 5, 10, and 15 minutes after
sirth than did pups whose mothers re-
ceived saline (N = 24) (Fig. 1). At 30
ninutes of age, naloxone-treated pups
1ad a slightly higher score than control
sups, but the difference was not statisti-
zally significant.

In a control experiment, pregnant
loes, injected as before, were placed in
‘he chamber with air instead of the anox-
¢ mixture. They were removed after 10
ninutes and killed by cervical disloca-
:don. There were 12 fetuses in the saline
zroup and 16 in the naloxone group. All
1ad scores of 9 to 10 at 1 minute after
sirth, and this score did not change with
iime.

Depression of cardiorespiratory func-
:ion, muscle tone, skeletal motor activi-
ty, and reflexes immediately after birth
are signs of antepartum asphyxia (5).
The present study suggests that the poor
condition of neonates asphyxiated in
1tero is due at least in part to the release
of endogenous opiates. The study also
ndicates that naloxone might be effec-
iive in resuscitating neonates that have
suffered asphyxia during delivery.
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Fig. 1. Mean postnatal scores for pups treated
with naloxone or saline and asphyxiated in
utero. Asterisks indicate significant differ-
ences (P < .05, Spearman’s rank correlation
test). All pups in both groups survived to 30
minutes.

However, these conclusions must be
tempered with recent information sug-
gesting that naloxone may not be as
selective an antagonist of endogenous
opiates as previously thought (6). For
example, high doses of naloxone can
reverse diazepam-induced respiratory
depression, suggesting that naloxone
competes with diazepam receptors (7).
Alternatively, the respiratory depression
associated with diazepam might be in-
duced by endogenous opiates.

The American Academy of Pediatrics
has recommended that naloxone be re-
served for adjunctive therapy in human
infants who are depressed at birth and
who are at high risk for ventilatory de-
pression secondary to narcotic exposure
(8). The academy has suggested, on the-
oretical grounds, that the routine use of
naloxone may interfere with important
endogenous opiate-mediated stress re-
sponses. We agree that naloxone should
not be used clinically until an appropri-
ately controlled trial is performed to test
for potential adverse as well as beneficial
effects of naloxone in the depressed new-
born infant not exposed to exogenous

narcotics. In our study, naloxone did not
affect the parameters we measured in the
nonasphyxiated newborn rabbits.

A study by Goodlin (9) indicated that
morphine protects against the effects of
intrauterine asphyxia and that naloxone
interferes with the ability to resuscitate
asphyxiated rabbit neonates. However,
the method of resuscitation Goodlin
used, hyperbaric oxygenation, is not in
general clinical use. The mechanism for
the decreased survival of asphyxiated
pups given naloxone and then resuscitat-
ed with hyperbaric oxygen is not known.

Wardlaw et al. (10) reported high con-
centrations of circulating B-endorphin
and B-lipotropin in the human fetus at
term. There was an excellent negative
correlation between the concentration of
B-endorphin and the pH of umbilical
arterial blood, suggesting that hypoxia
and secondary acidosis stimulate the re-
lease of endogenous opiates. Our data
are consistent with the findings of Ward-
law et al. and suggest that endogenous
opiates have adverse physiological ef-
fects in the neonate which are reversible
with naloxone.

Victor CHERNICK
RANnDY J. CrAIG
Perinatal Physiology Laboratory,
Department of Pediatrics, Children’s
Hospital, University of Manitoba,
Winnipeg, Manitoba R3E O0W1, Canada
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