strate (Ventrex Laboratories) and the
presence of the enzyme confirmed by
inhibition with the converting enzyme
inhibitor SQ 14,225 (Table 1).

Thus these cells contain all of the
components of the complete renin-angio-
tensin system. Renin appears to be pres-
ent in an inactive form. Although some
investigators equate trypsin-activated re-
nin with prorenin (4), the possibility that
it represents renin bound to a protein
inhibitor (/8) cannot be excluded entire-
ly. Inactive renin in plasma can be acti-
vated in vitro by exposure to an acid pH
or to a variety of proteolytic enzymes
including trypsin, kallikrein, and nerve
growth factor (19). However, it is not
established that this activation occurs in
vivo. Similarly, the nature of this inac-
tive renin and its endogenous mechanism
of activation remains unknown. NG108-
15 cells, a line of relatively homogeneous
cells that express many properties of
differentiated neurons, may prove useful
in studies of the control of synthesis,
secretion, and mechanism of action of
renin and angiotensin within the nervous
system.

The widespread presence of all com-
ponents of the renin-angiotensin system
in brain suggests that the role of this
system may encompass more than blood
pressure and volume regulation. The po-
tential linkage of renin and angiotensin to
processes of neuronal excitation (20) re-
mains unexplored. It is possible that the
entire renin-angiotensin cascade can be
completed within a single nerve cell, and
that control of the activation of intracel-
lular renin might be a regulatory step in
this pathway.
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Both . and 5 Opiate Receptors Exist on the Same Neuron

Abstract. Low concentrations of the relatively selective opiate receptor agonists
dihydromorphine and normorphine (. receptor agonists) and p-Ala’-p-Lew’-enkeph-
alin (a & receptor agonist) were applied to single enteric neurons while the frequency
of action potential firing was recorded. Most neurons that were inhibited by the
agonists were also inhibited by the & agonist, but the two receptors could be
distinguished by the higher concentration of naloxone required to antagonize the §
agonist. The results indicate that enteric neurons bear both . and 3 receptors and
that cell firing is inhibited if either receptor type is activated.

Plant opiates, synthetic opiate-like
drugs, the naturally occurring opioid
peptide enkephalin, and many enkepha-
lin analogs all bind to a limited number of
sites on neuronal membranes (/-3).
Studies of the displacement of labeled
ligands by unlabeled ligands (3, 4) and
experiments in which binding site alkyl-
ation is prevented by prior exposure to

an unlabeled ligand (5, 6) have provided
convincing evidence  that two binding
sites can be distinguished. Pharmacolog-
ical experiments also indicate two dis-
tinct sites, termed p and & receptors (3).
The existence of two types of opiate
receptors raises the question of whether
they are borne by discrete neuronal pop-
ulations and whether the functional con-
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Fig. 1. Inhibition of neuronal firing by DHM (10 nM) and DADLE (I nM). Binding studies
carried out on membrane homogenates in tris buffer indicate that the ligands bind to distinct
sites at these concentrations (8). Both agonists caused approximately equal but submaximal
depression of firing. Naloxone (1 nM) completely prevented the effect of DHM but had little
effect on the inhibition due to DADLE. A slightly higher concentration of naloxone (3 nM)
largely prevented the effect of DADILE. Both agonists again inhibited cell firing after washout of
the naloxone. The control firing rate of this neuron slowly declined during the 2-hour recording

period.
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Table 1. Number (and percentage)} of myenteric neurons in which firing was inhibited by DMH

or DADLE or both.

Inhibition Inhibition Inhibition N
Treatment by DHM by DADLE by DHM . o
only only and DADLE inhibition
DHM (10 nM) plus 25 (19) 5(4) 39 (30 60 (47)
DADLE (1 nM)
DHM (30 nM) plus 2 (10) 3 (16) 11 (58) 3 (16)

DADLE (10 nM)

sequences of their selective occupation
are the same. However, it is difficult to
examine this in the central nervous sys-
tem in vivo because the concentrations
of the selective ligands must be precisely
known. The myenteric plexus of the
guinea pig ileum contains binding sites
for both the u ligand dihydromorphine
(DHM) and the 8 ligand p-Ala®-p-Leu’-
enkephalin (DADLE) (7, 8). We exam-
ined the effects of low concentrations of
these substances on action potential dis-
charge of single myenteric neurons in
vitro and attempted to differentiate fur-
ther between the two sites by applying
naloxone.

The preparation was perfused at 37°C
with a physiological saline solution and
the action potentials of single myenteric
neurons were recorded with glass suc-
tion electrodes (9). Drugs were applied
by changing the superfusing solution to
one which differed only in its content of
the drugs. Both DHM and DADLE were
applied to the same neurons. In the ma-
jority of experiments (129 neurons), 10
nM DHM and 1 nM DADLE were ap-
plied. It was considered that at these
concentrations the agonists might act
more or less selectively on w and 8
receptors (8). Firing of 47 percent of the
129 neurons was not affected by either
ligand and firing of 30 percent was inhib-
ited by both (Table 1). The degree of
inhibition caused by DHM was approxi-
mately the same as that caused by
DADLE (Fig. 1). Twenty-five neurons
were inhibited by DHM but not by DA-
DLE, whereas the firing of only five cells
were inhibited by DADLE but not by
DHM. The relatively small number of
cells affected only by DADLE may have
resulted from the low concentration
used, because a concentration ten times
higher selectively inhibited 16 percent of
the cells (Table 1). Increasing the con-
centrations of DHM and DADLE in-
creased the proportion of cells inhibited
by both ligands (Table 1), perhaps be-
cause they no longer acted selectively on
their receptors.

More naloxone is required to displace
tritiated DADLE than to displace tritiat-
ed DHM from their binding sites in guin-
ea pig ileum and cow brain (§); median
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inhibitory concentrations are 13.5 and
18.5 nM naloxone, respectively, for triti-
ated DADLE and 2.3 and 3.3 nM nalox-
one, respectively, for tritiated DHM. We
therefore exposed cells inhibited by both
agonists to a low concentration of nalox-
one (1 nM). This prevented the action of
DHM without changing the inhibition
induced by DADLE (Fig. 1). Since the
initial degree of inhibition caused by 10
nM DHM was about the same as that
caused by 1 nM DADLE, it appears that
the two receptors are distinct. This effect
of naloxone was reversed after the tissue
was washed for several minutes (Fig. 1).
In other experiments, increasing the con-
centration of naloxone to 10 nM resulted
in antagonism of the effects of DHM and
DADLE.

Whereas binding experiments show
distinct w and & sites in the guin€a pig
myenteric plexus (8), pharmacological
studies on the electrically induced,
nerve-mediated contractile response of
the longitudinal muscle have not detect-
ed a 3 receptor in this tissue (3, 8, 10).
Our results are direct evidence for the
existence of a & receptor and show that
its occupation by an agonist has an ef-
fect—inhibition of cell firing-—that is the

same as the effect of a . receptor agonist
acting on a p receptor on the same
neuron. Important differences in the
physiological consequences of w and 8§
receptor agonists may exist which are
beyond the resolution of our extracellu-
lar recording technique, but one com-
mon result of both is a depression of
neuronal excitability.
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Efferents to the Retina Have Multiple Sources in Teleost Fish

Abstract. Multiple efferent systems project to the retina in three species of teleost
fish investigated with the horseradish peroxidase technique. These animals are the
first vertebrates shown to have more than one central nervous system structire
projecting to the retina. The connections discovered may reflect a primitive
organization of retina-brain interconnections.

One of the questions of neurobiology
is the significance of interspecific vari-
ability in brain organization. Certain cell
aggregations present in some species are
absent in others. An example of such
variability is the absence or presence of
efferent systems projecting to the retina.
The most celebrated system of this kind
is found in birds, in which a large, con-
spicuous cell group in the caudal mesen-
cephalon projects to the contralateral
eye (I). A comparable cell group has
been observed in some reptiles (2—4), but
has not been identified in other verte-
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brate classes (5, 6). Nevertheless, it has
been argued that the cell group may exist
in other vertebrates but that it lacks a
projection to the retina (7). Optic nerve
efferents have been described in mam-
mals (8), although the sources of such
fibers remain unknown (6). In reptiles a
cell group in the ventral thalamus was
recently identified with the horseradish
peroxidase (HRP) technique. In the
snake it is called the nucleus of the
ventral supraoptic commissure () and in
the lizard it is called the centrifugal optic
thalamic nucleus (9). It is located near
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