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Naloxone Antagonism of Electrical Stimulation
Induced Tail Erection in Mice™”
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LEE,H. K., C. Y. CHAI, M. J. WAYNER AND L. C. KAO. Naloxone antagonism of electrical stimulation induced tail
erection in mice. PHARMAC. BIOCHEM. BEHAYV. 11(2) 227-229, 1979.—Tail erection was induced by focal electrical
stimulation of the mesencephalic central gray through chronically implanted electrodes in mice. The response was current
intensity dependent. Pretreatment with naloxone (5 mg/kg IP), a specific narcotic antagonist, abolished tail erection
produced by low electrical current. In contrast, the tail response elicited by higher current was only partially blocked by
naloxone. The results suggest that electrical stimulation induces tail erection by releasing an endogenous opioid peptide

from the mesencephalic central gray.
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FOCAL electrical stimulation of the mesencephalic central
gray produces tail erection in mice [12]. Electric stimulation
induced tail erection exhibits some similarities to tail erec-
tion induced by narcotic agents. Both appear to exert their
effects in periaqueductal gray of the mesencephalon {11,12].
In addition, drugs which affect dopaminergic transmission in
the central nervous system, e.g., haloperidol, attenuate both
morphine induced tail erection (MITE) and stimulation in-
duced tail erection [10,12]). In the present study, another
similarity between stimulation induced tail erection and
MITE [1] was observed. Tail erection induced by electrical
stimulation can be blocked by naloxone, a specific narcotic
antagonist.

METHOD

Male albino mice, weighing 20-25 g, were used. They
were placed in individual cages for observation. The experi-
mental room was kept at 25°C and relatively quiet.

The methods for producing focal electrical stimulation
were previously described [12]). In brief, one bipolar elec-
trode constructed of twisted stainless steel wire (0.2 mm
dia.) teflon insulated except for the cut cross section at the
tip was implanted in the midbrain in each animal under
sodium pentobarbital anesthesia (36 mg/kg IP). The elec-
trode was secured to the skull with a stainless steel screw
and acrylic resin.

Animals were tested for tail erection one week after the

electrode implantation. Brain stimulation was provided
by a Grass S88 stimulator with an isolation unit and a con-
stant current unit. Stimulation consisted of 100 msec trains
of biphasic, rectangular wave pulse pairs. The frequency of
pulse pairs was 50/sec. Each pulse pair consisted of two 50
usec pulses of opposite polarity separated by 100 usec.
Three trains of pulses were delivered every sec. The dura-
tion of brain stimulation was 10 sec. Current intensities were
1.0, 2.0, and 3.0 mA. Tail response was evaluated ac-
cording to the criteria described in previous articles [10-12].
Two latencies were measured: the first, from the time stimu-
lation was turned on to when the tail was elevated to at least
45° to the horizontal; the second, from the time stimulation
was turned on to when the tail was elevated to at least 90° to
the horizontal. Duration of tail erection was defined as the
total time the tail was elevated at least 45°. All times were
measured by means of stop watches. Only mice which re-
sponded to brain stimulation of 3.0 mA by tail elevations of at
least 90° to the horizontal were selected [12] and then sub-
jected to the drug treatments.

Effects of naloxone on stimulation induced tail erection
were studied as follows. Animals were given three testing
sessions, each separated by 4 days. These are referred to as
predrug, drug, and postdrug sessions. In the predrug session,
animals were injected intraperitoneally with a matched vol-
ume of the naloxone vehicle (0.9% saline) and were tested 10
min later for tail response induced by brain stimulation. The
drug session was identical except that animals received
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TABLE 1

ANTAGONISTIC EFFECT OF NALOXONE (5 MG/KG IP) ON TAIL ERECTION
INDUCED BY ELECTRICAL STIMULATION OF THE MESENCEPHALIC
CENTRAL GRAY IN MICE*

Current  No. of mice  Latency: No. of mice Latency: Duration:
intensity  responded median responded median median
(mA) (=45°) and (=9%0°) and and

0. teste range 0. teste range range
(sec) (sec) (sec)

Predrug

1.0 4/9 3(2-5 4/9 4 (3-6) 6 (4-20)

2.0 6/9 2(1-7) 6/9 3(2-9 25 (7-717)

3.0 9/9 1 (1-6) 9/9 2(2-8) 35 (6-95)
Drug

1.0 0/9 — 0/9 — —

2.0 0/9 — 0/9 — —

3.0 2/9 1&2 2/9 2&3 7& 10

*Brain stimulation consisted of 100 msec trains of biphasic, rectangular
wave pulse pairs. Pulse pairs were delivered at 50/sec. Each pulse pair con-
sisted of two 50 usec pulses of opposite polarity separated by 100 usec. Trains
of pulses were delivered at 3/sec. The duration of stimulation was 10 sec.

naloxone (5 mg/kg IP) instead of saline. The postdrug session
was identical to the predrug session.

At the end of experiments, anatomical sites of electrical
stimulation were confirmed histologically as described prev-
iously [13].

RESULTS

In the present study, focal electrical stimulation of the
midbrain produced a current dependent tail response, which
confirmed a previous finding [12]. As shown in Table 1, elec-
trical stimulation of 1.0 mA caused 4 out of 9 mice to elevate
their tails to at least 45° with a median latency of 3 sec and to
at least 90° with a median latency of 4 sec. Increasing the
current intensity to 2.0 mA caused 6 out of 9 mice to elevate
their tails to at least 90°. When 3.0 mA was used, all 9 ani-
mals displayed tail erection of at least 90°. Moreover, the
duration of tail erection was also current dependent. The
median duration of tail erection was 6, 25, and 35 sec for
current intensity of 1.0, 2.0 and 3.0 mA, respectively.

Naloxone (5 mg/kg IP) antagonized the tail response pro-
duced by electrical stimulation. It abolished all tail erection
produced by brain stimulation with current intensities of 1.0
and 2.0 mA (Table 1). With a higher stimulation intensity (3.0
mA), naloxone caused only a partial reversal, i.e., 7 out of 9
animals (78%). Increasing the dose of naloxone to 10 mg/kg
IP failed to produce a greater inhibition of tail response in
two animals which did not respond to a smaller dose of
naloxone.

Tail response to brain stimulation fully recovered by the
postdrug session. Histological examination revealed that
sites of stimulation of these 9 animals were in the lateral part
of the mesencephalic central gray, similar to those reported
previously [12].

DISCUSSION

Antagonism of electrical stimulation induced tail erection
by naloxone supports an earlier contention [12] that similar

mechanisms are involved in tail erection elicited by electrical
stimulation and narcotic agents. Recently, several endogen-
ous opioid peptides have been isolated from brain and pituit-
ary [6, 8, 14]. Some of these substances are found in high
concentrations in areas overlapping those where stereo-
specific binding of opiates occurs [16,17]. Periaqueductal gray
of the mesencephalon is one of the areas showing such a close
relationship between opioid peptides and opiate receptors
[9,17]. In addition, endogenous opioid peptides might exert
their physiological functions in the central nervous system as
neurotransmitters [5]). Thus, tail erection induced by electri-
cal stimulation of the mesencephalic central gray might re-
sult from the release of an opioid peptide and binding with
opiate receptors.

The fact that tail erection at moderate stimulation inten-
sities persists considerably beyond the duration of stimula-
tion indicates the involvement of a chemical mediator.
Naloxone would antagonize the action of this peptide as it
does in many other central areas {2, 3, 7].

On the other hand, the present study indicates that tail
erection produced by higher electrical stimulation currents
cannot be completely prevented by naloxone. This cannot
be due to an insufficient amount of the drug because 10
mg/kg of naloxone did not result in a greater inhibition than 5
mg/kg. It is possible that midbrain stimulation activates more
than a single underlying mechanism. Strong electrical stimu-
lation might induce release of other substrates of activation
with which specific opiate antagonists do not interact.
Dopamine is a strong possibility, since previous studies have
indicated that this putative transmitter might play an impor-
tant role in tail erection induced by electrical stimulation and
narcotic agents [10,12].

Present evidence indicates that there is a neural pathway
in the brain which utilizes an endogenous opioid peptide to
activate tail movements. Activation of this particular
locomotor system can be produced either pharmacologically
by direct stimulation of opiate receptors or electrically by
release of the opioid peptides. In both cases, tail responses
are blocked by narcotic antagonists. Moreover, activation of
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this locomotor system by opiates can be used as an indica- in emotional behavior is not known. However, the
tion of presumed euphoric activity in man [4]. At present, the  periaqueductal gray in the mesencephalon is involved in self
exact mechanism of this opioid peptide modulated pathway stimulation behavior [15].
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