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EFFECT OF LEUCINE-ENKEPHALIN ON INTERNEURONAL
TRANSMISSION OF EXCITATION

V. P. Fisenko, O. N, Chichenkov, UDC 615.212.7.015.4:612,816.3
and R, N, Alyautdin

Experiments on unanesthetized cats immohilized with flaxedil showed that injection of leucine-
enkephalin (1 mg) into the lateral ventricle is followed by inhibition of evoked responses in the
ventrolateral columns of the spinal cord and of segmental interneuronal transmission in the
spinal cord and by a decrease in the amplitude of potentials in cortical somatosensory area I
evoked by sciatic nerve stimulation. Naloxone (1 mg/kg, intravenously) prevented these effects
of leucine-enkephalin, Preliminary injection of methysergide (2.5 mg/ kg, intraperitoneally)led
to weakening of the effect of leucine-enkephalin on spinal interneuronal transmission, Leucine-
enkephalin did not change the amplitude of polysynaptic potentials of the glossomandibular re-
flex, the are of which is closed in the brain stem.

KEY WORDS: leucine-enkephalin; naloxone; interneuronal transmission of excitation; methy-
sergide,

Narcotic analgesics are known to influence interneuronal transmission of excitation at different levels
of the CNS [1~3]. Analgesia is produced by these substances through their specific interaction with opiate re-
ceptors, present in various regions of the CNS [13]. Serotoninergic mechanisms also take part in the develop-
ment of the analgesic effect of drugs belonging to the morphine group [15]. The pentapeptides leucine-enke~
phalin and methionine~enkephalin are endogenous neuromediators with morphine-like activity [7, 11]. Elec-
trical stimulation of the raphe nuclei induces analgesia [9], which is evidently connected with an increase in
the liberation of polypeptides with morphine-like activity [6]. There is thus a definite parallel between the
effects of narcotic analgesics and of morphine-like polypeptides, l

The object of this investigation was to study the effect of one morphine-like polypeptide, namely leucine-
enkephalin, on interneuronal transmission of excitation in the CNS, on the character of its interaction with
naloxone, a specific antagonist of the narcotic analgesics, and with methysergide, which blocks serotoninergic
receptors.

EXPERIMENTAL METHOD

Experiments were carried out on unanesthetized cats of both sexes, weighing 2.8-3.5 kg, immobilized
with flaxedil (2 mg/kg, intravenously). The preliminary manipulations — dissection of the sciatic nerve, spinal
cord, anterior roots of the cord at the level of segments L7-S1, trephining of the skull, and catheterization of
veins and arteries — were carried out under ether anesthesia. Artificial ventillation was provided by the DP-5
apparatus at the rate of 205 ml air/kg body weight - min [8]. Evoked potentials, in response to stimulation of
the central end of the divided sciatic nerve with single supramaximal (5-12 V) pulses of current 0.1 msec in
duration, were recorded in cortical somatosensory area I on the contralateral side, and also in the ventro-
lateral columns of the spinal cord at the level of segments L2-13 on both ipsi~ and contralateral sides. Mono~
synaptic and polysynaptic responses in the anterior roots of the spinal cord during analogous sciatic nerve
stimulation and polysynaptic potentials in the central structures of the glossomandibular reflex, arising in the
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Fig. 1. Effect of leucine-enkephalin on EPs at different levels

of the CNS to single sciatic nerve stimulation. A) EPs in ventro-
lateral columns of spinal cord; B) mono- and polysynaptic spinal
cord potentials; C) EPs of cortical somatosensory area 1. 1) Back-
ground; II) 5 min after injection of leucine-enkephalin (1 mg) into
lateral ventricle; IIT) recovery; V) 10 min after injection of naloxone
(1 mg/kg, intravenously); V) 5 min after second injection of leucine~
enkephalin. Left: scheme showing arrangement of stimulating elec-
trodes (SE) and recording electrodes (RE). Right: vertical lines,
calibration of EP amplitude (A 50 uV, B 100 uV, C 100 pV); hori-
zontal lines, time marker (A 5 msee, B 5 msee, C 20 msec).
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Fig. 2. Effect of leucine-enkephalin on EPs in spinal
cord. A) EPs in ventrolateral columns of spinal cord;

B) mono- and polysynaptic spinal cord potentials, I)
Background; II) 45 min after injection of methysergide
(2.5 mg/kg, intraperitoneally); 11T) 5 min after injection
of leucine-enkephalin (1 mg) into lateral ventricle; V)
recovery of EP, Vertical lines: calibration of amplitude
(A 50 uV, B 100 uV); horizontal lines: time marker (A
and B, 5 msec).

V)
/

motor branch of the mandibular nerve to supramaximal stimulation of the lingual nerve, also were evaluated.
The experiments began 2-2.5 h after inhalation of ether ceased. EPs were recorded by a monopolar method
in the cortex and ventrolateral columns of the spinal cord, and those of the glossomandibular and segmental
reflexes were recorded by a bipolar method. Leucine-enkephalin (1 mg in 0.1 ml Ringer's solution) was in~
jected from a microinjector into the lateral ventricle through a burr-hole in the skull (coordinates A 14,0,

L 2,5, H +7.0 according to Snider and Niemer [12]) in the course of 45-60 sec. Repeated injection of Ringer's
solution into the lateral ventricle in control experiments did not cause changes in EP recordable in the above-
mentioned CNS formations. Naloxone (1 mg/kg) was injected intravenously 10 min before or 3-5 min after
injection of leucine~encephalin, and methysergide (2.5 mg/kg) was injected intraperitoneally 45 min before
leucine~enkephalin, Tn the course of each experiment the blood pressure in the femoral artery was recorded
and the animals' body temperature was kept constant.



EXPERIMENTAL RESULTS

Leucine~enkephalin was shown to cause a decrease in amplitude of EP in the ventrolateral columns of
the spinal cord by 30-50% (P<0.01), A more marked decrease in the amplitude of EP was observed on the
contralateral side relative to the stimulated nerve (Fig. 1A). This polypeptide also characteristically mod-
ified segmental synaptic transmission in the spinal cord (Fig. 1B): The amplitude of the monosynaptic re-
sponse fell by 15-20% (P<0.01) and that of the polysynaptic by 50-60% (P<0.,01). The maximal effect of the
action of leucine-enkephalin was observed 5 min after injection of this compound, and after 15 min the ampli-
tude of EP was at its initial level, Repeated injections of leucine-enkephalin (with intervals of 30 min between
injections) were unaccompanied by any manifestations of tachyphylaxis. After preliminary (10 min before in-
jection of leucine-enkephalin) intravenous injection of naloxone (1 mg/kg) no changes in EP were found in the
ventrolateral columns of the spinal cord, or in the amplitude of the monosynaptic and polysynaptic spinal cord
potentials (Fig, 1), Administration of naloxone 3-5 min after injection of leucine-enkephalin led to rapid re~
covery of the above responses.

Methysergide (2.5 mg/kg) caused no significant change in the amplitude of EPs to sciatic nerve stimula~
tion in the ventrolateral columns, and also in the anterior roots of the spinal cord, but it reduced the inhibitory
effect of leucine-enkephalin, For instance, injection of leucine~enkephalin 45-60 min after preliminary injec~
tion of methysergide led to only very slight changes (7-12%) in the amplitude of the evoked responses (Fig. 2),

Leucine-enkephalin did not change the amplitude of EPs arising in the motor branch of the mandibular
nerve to stimulation of the lingual nerve, but changed the rhythm of brain electrical activity. Paroxysmal dis-
charges were observed on the EEG,

Leucine-enkephalin reduced the amplitude of EP in somatosensory area [ of the cortex evoked by single
supramaximal stimulation of the sciatic nerve, Naloxone, which did not affect cortical EPs, completely pre-
vented the inhibitory action of leucine-enkephalin (Fig. 1C).

This investigation thus showed that leucine-enkephalin inhibits interneuronal transmission in the ventro-
lateral columns of the spinal cord, modifies segmental monosynaptic and polysynaptic spinal cord potentials,
does not affect the central components of the glossomandibular reflex, and slightly reduces EPs in cortical
sensomotor area I. Similar changes in interneuronal transmission in the CNS have been observed following
the use of preparations of the morphine group in curarized cats [1, 2, 10]. Baxter et al., [3] and Urca et al.,
[15] have obtained evidence of the ability of morphine and enkephalins to cause the appearance of paroxysmal
discharges on the EEG following intraventricular injection of these compounds, The above-mentioned effects
of leucine~enkephalin are distinguished by their specificity, for they are prevented or abolished by naloxone,
an antagonist of narcotic analgesies [4, 5]. Methysergide, which blocks serotoninergic receptor structures,
also diminished the effect of leucine~enkephalin on the spinal cord; this confirms the view that the influence
of narcotic analgesics and of morphine-like polypeptides on the spinal cord is connected with their activation
of descending inhibitory influences, for which, in the opinion of Hokflet et al. [6], serotonin is the possible
mediator.
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