the use of endotoxin-contaminated pro-
tein preparations should be avoided in
any kind of biomedical research unless it
can be shown that the particular system
is insensitive to endotoxins. The endo-
toxin content of processed biological ma-
terials should be stated by the supplier,
or should be tested by the investigator
before they are used in biological re-
search.

Laszro Z. Bito
Research Division, Department of
Ophthalmology, College of Physicians
and Surgeons, Columbia University,
New York 10032
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An Analog of Enkephalin Having Prolonged

Opiate-Like Effects in vivo

Abstract. Intraventricular administration of the enkephalin analog, [D-Ala?]-Met-
enkephalin, induces profound and long-lasting analgesia, as well as other opiate-like
behavioral effects in the rat. This analgesia was highly dose dependent, of much
greater magnitude, and about 30 times longer lasting than that produced by the
naturally occurring peptide, methionine-enkephalin. The behavioral effects of the [p-
Ala? analog could be completely reversed by the opiate antagonist, naloxone, sug-
gesting that these effects wzre mediated by opiate receptors. Systemic administration
of naloxone alone resulted in a significant increase in pain sensitivity. These findings
support the view that endogenous opiate systems may play an important role in modu-

lating pain sensitivity.

Endogenous peptides with strong
opiate agonist properties have been iso-
lated from the mammalian central ner-
vous system and identified by Hughes as
the pentapeptides methionine-enkepha-
lin (H-Tyr-Gly-Gly-Phe-Met-OH) and
leucine-enkephalin (H-Tyr-Gly-Gly-Phe-
Leu-OH) (I). The enkephalins were
shown to have potent opiate-like activity
in a number of assay systems (2). Simi-
larly, behavioral tests have confirmed
the opiate-like properties of enkephalin.
A very short-lasting but significant an-
algesia was demonstrated with the
D’ Amour-Smith tail-flick test (3) after in-
traventricular or localized midbrain in-
jections of methionine-enkephalin (100
to 200 ug) in the rat and mouse ¢). The
relative selectivity of the tail-flick test for
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opiate agonists (5) and the reports that
enkephalin-induced analgesia can be an-
tagonized by naloxone (4) suggest that
the analgesic effects of this peptide are
due to its actions on opiate receptors.
These results, in conjunction with re-
ports that electrical stimulation of local-
ized regions in the brainstem can induce
profound analgesia which appears to be
mediated by opiate receptors (6), have
prompted suggestions that endogenous
enkephalins may act to modulate pain
systems.

The brief analgesia produced by the
enkephalins, however, stands in marked
contrast to the much more prolonged ef-
fects of similar administrations of mor-
phine (7). Structurally, methionine-en-
kephalin resembles morphine and mor-

phine-related narcotics most closely
when a type I B-bend conformation is as-
signed to the H-Tyr-Gly-Gly sequence of
the pentapeptide (8). Additional evi-
dence (9) suggests the possibility that the
preferred type I B-bend conformation
may be stabilized by the substitution of a
p-amino acid for the second glycine in
this sequence.

We now report a profound and long-
lasting analgesia induced by intra-
cerebroventricular administration of [D-
Ala?]-methionine-enkephalin, a finding
consistent with a recent report on a simi-
lar analog published since the submis-
sion of this report (/0). Further, we
found that naloxone, a blocker of opiate
receptors, produced the opposite effect
of increased sensitivity in otherwise un-
treated animals. These findings provide
evidence for a functional role of endoge-
nous opiate systems in th: modulation of
pain sensitivity.

Permanent intraventricular cannulas
were surgically implanted in six male al-
bino (Holtzman) rats 120 to 180 days old
(11). Examination of cannula placements
after injection of a marker dye revealed
the presence of dye in the ventricles of
all animals. After 1 week for post-
operative recovery, each rat was tested
for analgesia by the tail-flick test both be-
fore and after intraventricular adminis-
tration of 200 ug of me hionine-enkepha-
lin, 200 ug [D-Ala?]-meihionine-enkepha-
lin, or the injection vehicle. Peptide
synthesis has been described (/2). Pep-
tides were dissolved in Ringer’s solution
just before injection and were then ad-
ministered in 10-ul volumes over a peri-
od of 1 minute by means of a micro-
syringe. Control injections consisted of
the vehicle alone adjusted to a pH of 4.0
to approximate the pH of the drug solu-
tion. Each rat received all treatments
with tests separated by at least 48 hours.
Control tests with the vehicle alone were
given first and last, with the two drug
treatments intervening in counterbal-
anced order. Each test consisted of a
baseline period during which the latency
to withdraw the tail from a radiant heat
source (3) was recorded every 2 minutes.
A maximum latency of 10 seconds was
used since the intense heat cre ted by
this procedure could cause lasti::« tissue
damage. After the establishivnt of
stable tail-flick latencies (3.5 to .5 sec-
onds), baseline latencies were i+=:orded
for a period of 10 minutes. The drug or
control was then administered, and tail-
flick latencies were recorded every 2
minutes for a minimum of 10 minutes or
until latencies had returned to within 30
percent of baseline values.

Both methionine-enkephalin and the
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[D-Ala?] analog produced elevations
greater than control values in the latency
to tail-flick (Fig. 1). Although elevations
after control injections were non-
significant, both methionine-enkephalin
and the [D-Ala?] analog produced signifi-
cant increases over their baseline values
and over the control values. All com-
parisons were significant at the .03 level
(two-tailed randomization tests). Figure
1 also illustrates that the [D-Ala?] analog
produced a much more profound effect
than did methionine-enkephalin, as evi-
denced by a significantly greater magni-
tude (the maximum increase in tail-flick
latency, mean = standard error of the
mean, after administration of [D-Ala?]
was 5.7 = 0.18, and after methionine-en-
kephalin it was 2.0 = 1.0, P = .03); the
duration of the analgesia—that is, the
mean time (minutes) of more than 30 per-
cent elevation in tail-flick latency was,
for [p-Ala?], 51 = 6.8, and for methio-
nine-enkephalin it was 4 = 2.89, P = .03.

Analgesia produced by both methio-
nine-enkephalin and the [D-Ala?] analog
was generally accompanied by other be-
havioral changes, especially at the higher
doses. Shortly after injection, the rats of-
ten exhibited a coarse tremor (/3) fol-
lowed by a marked immobility and a stu-
porous appearance. These motor effects
were prolonged and dramatic after treat-

ment with the [D-Ala?] analog. In this
condition many animals would lie mo-
tionless on their backs for an hour or
more and show no response to exceed-
ingly noxious pinches to the face or
tongue. An additional observation was
that a spontaneous seminal emission of-
ten occurred. Naloxone completely re-
versed the analgesia as well as the other
behavioral effects of the [D-Ala?] analog,
strongly suggesting that these effects
were mediated by opiate receptors. Two
rats each received intraventricular in-
jections of 200 ug of [p-Ala*-methio-
nine-enkephalin in two separate tests,
and tail-flick latencies were measured as
described above. When the latency to
tail-withdrawal exceeded baseline values
by 30 percent for three consecutive tests,
either naloxone hydrochloride (Endo
Laboratories), at 10 mg/kg, or the saline
vehicle was administered subcuta-
neously. One animal received the saline
injection on the first test and naloxone on
the second; the other received treat-
ments in the opposite order. The tail-
flick latencies returned to baseline values
within a few minutes after naloxone in-
jections (Fig. 1, lower panel), while la-
tencies remained elevated for more than
50 minutes after saline injections.

A systematic dose comparison of the
[D-Ala?] analog revealed a high degree of

dose dependency for the analgesic ef-
fects of the peptide. A separate group of
six rats was used for these tests. Surgery
and testing were performed as outlined
above with the exception that animals re-
ceived counterbalanced administrations
of three levels of a single drug as well as
two control tests with the vehicle alone.
As illustrated in Fig. 2, higher doses of
[D-Ala?]-methionine-enkephalin resulted
in both a greater magnitude and duration
of analgesia (P = .01 and .04, respec-
tively; Friedman’s analysis of variance).

Our results confirm earlier observa-
tions that methionine-enkephalin pro-
duces moderate levels of analgesia for
short periods of time. Furthermore, our
data together with a recent independent
report (/0) indicate that a closely related
analog, [D-Ala?]-methionine-enkephalin,
can induce a much more profound and
long-lasting analgesia at a comparable
dose level. These findings are consistent
with a recent demonstration of the great-
er potency of this analog on the dopa po-
tentiation test (/4) and our report of its
greater potency in two bioassay systems
(12). Furthermore, we have found that
the [p-Ala?] analogs of « and y endor-
phins also have much more potent anal-
gesic and sedative effects than the natu-
rally occurring peptides (15).

In this and previous reports, enkepha-
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Fig. 1 (left). (Upper) Median time course of analgesia, as measured by
the tail-flick test, after intraventricular injections of methionine-en-

kephalin (200 ug),[D-Ala?]-methionine-enkephalin (200 ug), or the
Ringer’s vehicle (N = 6; each animal received all treatments).
(Lower) Effects of subcutaneous administration of naloxone hydrochloride, or the saline vehicle, on the time course of analgesia induced by
200 ug of [p-Ala?]-methionine-enkephalin (N = 2; each animal received both treatments).
magnitude and duration of analgesia produced by [D-Ala%]-methionine-enkephalin or a control injection of the vehicle alone (C). Duration is the
time from the first to the last criterion elevation (30 percent above baseline) in the latency to tail-withdrawal. Magnitude is taken as the average
latency within this period (N = 6; each animal received all treatments).

Fig. 2 (right). Dose-response comparison of the
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lins or their analogs have been shown to
exert profound effects upon behavioral
systems. Nevertheless, there has been
relatively little direct evidence con-
cerning the role of endogenous opiate
systems in normal behavioral regulation.
If endogenous opiate systems are nor-
mally active in reducing pain, then
blockade of opiate receptors should en-
hance pain sensitivity. To test this possi-
bility, we examined the effects of nalox-
one, a specific blocker of opiate recep-
tors, on sensitivity to pain as measured
by the tail-flick test. Twelve male albino
(Holtzman) rats were given a single tail-
flick test according to the general proce-

dures outlined above. After baseline -

testing, six animals were injected with
naloxone (2 mg/kg, subcutaneously) and
the other six received subcutaneous in-
jections of the saline vehicle alone. After
drug treatments, tail-flick latencies were
redetermined (3-minute intertrial inter-
val) over the course of the subsequent 20
minutes. We found that while baseline
latencies did not differ between the two
groups and while saline produced no sig-
nificant change in latencies, naloxone in-
duced a significant decline in the latency
to tail-withdrawal relative both to base-
line values before injection (mean base-
line latency, 4.42 seconds; latency after
injection, 3.39 seconds; ¢, 5.81; 5 d.f.;
P < .01) and saline control latencies
(mean latencies after saline injections,
4.50 seconds; after naloxone, 3.39 sec-
onds; ¢, 3.37, 10 d.f., P < .01). Thus,
blockade of opiate receptors in other-
wise untreated animals increased their
sensitivity to the thermal stimuli used in
the present test, indicating that opiate
systems may act normally to suppress
sensitivity to certain classes of stimuli.
This suggestion is supported by a report
in which a different measure of thermal
sensitivity (the hot plate test) was used
(16), although other workers have chal-
lenged this view because of their failure
to obtain enhanced pain reactions to
electric shock after naloxone administra-
tion (/7). In view of our findings it seems
highly possible that endogenous opiate
systems may exert differential tonic in-
fluences on different sensory modalities.

The demonstration that the naturally
occurring opiate-like peptide methio-
nine-enkephalin or its potent analog [D-
Ala?]-methionine-enkephalin can pro-
duce analgesia, whereas the opiate re-
ceptor blocker, naloxone, induces hypal-
gesia, supports the suggestion that en-
dogenous opiate systems may function
to regulate tonic sensitivity of central
pain systems. The previous demonstra-
tion that physical stress can induce a re-
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lease of endogenous enkephalin and a
corresponding marked analgesia in the
rat further indicates that the tonic activi-
ty of opiate systems can be modulated by
environmental influences.
J. MICHAEL WALKER
GARY G. BERNTSON
CURT A. SANDMAN
Department of Psychology,
Ohio State University, Columbus 43210
DaviD H. Coy, ANDREW V. SCHALLY
ABBA J. KASTIN
Tulane University School of Medicine
and Veterans Administration Hospital,
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Angiotensin Injected into the Neostriatum After

Learning Disrupts Retention Performance

Abstract. Angiotensin 11, injected into the dorsal neostriatum of rats 5 minutes after
they had learned a passive avoidance task, disrupted the retention of the task 24 hours
later. Identical neostriatal injections given 22 hours after learning (2 hours before
retention) were without effect on retention performance. Ventral neostriatum or poste-
rior thalamus were ineffective sites for injection of angiotensin. Injection of thyrotro-
pin releasing hormone or lysine-8-vasopressin into the dorsal neostriatum was inef-
fective. These findings indicate a possible role for endogenous angiotensin in the
neostriatum on retention performance and suggest potential involvement in mnemon-

ic processes.

The nigro-neostriatal system has re-
cently been implicated in learning and
memory processes. Lesions and electri-
cal stimulation of the neostriatum or the
substantia nigra (/) produce deficits in
the acquisition or retention of active and
passive avoidance tasks or both. Manip-
ulation of the synaptic transmitters with-
in this system also affects learning and
memory (2). Thus the nigro-neostriatal
system, in addition to its well-known
role in motor functions, may also be in-
volved in memory mechanisms.

Recent evidence indicating that pep-
tides play an important role in learning

and memory (3) prompted us to investi-
gate the effects of angiotensin 11, a pep-
tide that is endogenous to the nigro-neo-
striatal system. In particular, this octa-
peptide is present in the neostriatum
along with its precursors and metabolic
enzymes (4); angiotensin-converting en-
zyme is present, indeed, in highest con-
centrations in the neostriatum (5). This
enzymatic system is isolated from circu-
lating angiotensin II by the blood-brain
barrier (4), suggesting a separate func-
tional role for this peptide in the brain.
Although other peptides affect avoidance
learning when injected intracerebrally
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