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Effect of Intravenous Injection of DAGO on Neuronal
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Effects of intravenous injection of DAGO on impulse neuronal activity of the bulbar cardio-
vascular center were studied in acute experiments on cats narcotized with Nembutal. DAGO-
induced changes in activity of sensory neurons and interneurons were unidirectional and pre-
ceded hemodynamic shifts. The antiarrhythmic effect of DAGO is due to its direct action on
neurons of the bulbar cardiovascular center.
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Recent studies demonstrated an important role of opi-
oid peptides in heart protection from ischemia-induced
arrhythmias. In these studies direct effects of opioid
peptides on myocardial receptors [7] or central effects
of opioid peptides injected into brain ventricles [6,8]
were evaluated. Intravenous injections of opioid pep-
tides DAGO and DALD produce a chronotropic effect
on the heart via a neurogenic mechanism; the antiar-
rhythmic effect of DAGO depends on the state of car-
diac innervation [4,5].

Our aim was to study the effect of a highly selec-
tive synthetic p-opiate receptor antagonist DAGO on
impulse activity of bulbar cardiovascular neurons.

MATERIALS AND METHODS

Experiments were performed on 18 artificially venti-
lated cats, narcotized with Nembutal (40 mg/kg, intra-
peritoneally). Electrical activity of bulbar cardiovas-
cular neurons was recorded extracellularly using a
Pyrex glass microelectrodes filled with 2.5 M KCI (2-
4 u tip size, 7-10 MQ resistance).

Electrical signals were amplified with a specially
designed amplifier for microelectrode recording (Phy-
siological Department of Russian State Medical Uni-
versity).
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The microelectrode was introduced into the brain
using a Medikor stereotaxis apparatus equipped with
a precision mechanical micromanipulator. The search
was restricted to a region of the nucleus tractus soli-
tarius from 2 mm rostral to 2 mm caudal to obex [1].

To this end, the cat was placed in a stereotaxis,
occipital muscles were cut along the middle line from
the occipital crest to C;; and then laterally, pulled
apart, and fixed with ligatures. The occipital bone was
cut from the base upward, and a wax was applied to
prevent bleeding. The dura mater was cut along the
middle line and laterally, and pulled apart with liga-
tures. The brain surface was treated with mineral oil
to prevent drying. The manipulator with a microelec-
trode was set and oriented with respect to obex, and
spikes of bulbar neurons were recorded.

After attaining stable signal, a synthetic opioid
peptide DAGO (D-Ala2, ME-Phe4, Gly-ol5)-enkepha-
lin (Peptidnyi Sintez) was infused intravenously in a
dose of 20 pg/ml for 15 min.

Blood pressure (BP) in the femoral artery (EMT-
35), ECG (M-42 myograph amplifier), and volume
rate of respiration were continuously recorded (EMT-
320).

The recorded signals were fed into a 8-bit analog-
to-digital converter with a sampling rate of 16 kHz
(designed together with V. S. Sopov, Institute of Nu-
clear Physics, Moscow State University) coupled with
a computer via a standard port.
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Fig. 1. Impulse activity of sensory neuron (a, b) and interneuron (c, d). Baseline activity (a, ¢) and 30 sec after the start of DAGO infusion (b,
d). 1) neurogram; 2) ECG; 3) blood pressure; time scale: 2.5 msec per dot.

Functional identification of neurons was perfor-
med on the basis of baseline impulse activity [3].

Significant changes (p<0.05) in the mean burst
firing rate, number of impulses per burst, distribution
of bursts throughout the cardiac cycle, and changes in
rhythmicity of discharges in respect to the cardiac cy-
cle were evaluated. The test parameters were statisti-
cally analyzed using Excel 5.0 by a number of stan-
dard tests, including verification of normal distribu-
tion, calculation of means, and Student’s ¢ test for
comparing the mean values.

RESULTS

Activity of 34 bulbar cardiovascular neurons (6 affe-
rent neurons and 28 interneurons) was analyzed.

From 3 to 30 sec after the start of DAGO infu-
sion, changes in the discharge pattern were revealed
in 83% sensory neurons (Fig. 1, a, b) and 59% inter-
neurons (Fig. 1, ¢, d). By the end of the first minute,
responses of all sensory neurons and 75% interneurons
were observed: firing rate increased or decreased si-
multaneously in both types of neurons. Heart rate (HR),
systolic and mean dynamic BP did not differ from the
baseline values (160.0+4.2 bpm, 152.0+10.1 and 133.0+
5.2 mm Hg, respectively).

Thus, impulse activity of all sensory neurons and
the majority of interneurons changed within the first

minute of DAGO infusion, i.e. under conditions of sta-
ble HR and BP.

On the 3rd minute of DAGO infusion, HR de-
creased by 3.2% of the baseline (p<0.001), while BP
remained unchanged. Changes in impulse activity
were observed in all neurons. At this term impulse
activity decreased in most sensory neurons and inter-
neurons. On the 5th minute, a great majority of neu-
rons in both groups increased their firing rates.

On minutes 10-15, systolic BP tended to increase
(9.8%, p=0.12), although this increase was insignifi-
cant. HR (4%, p<0.001) decreased by 6.1% on the
15th min (p<0.01). The changes in activities of both
types of neurons remained co-directed throughout this
interval (Fig. 2).

Changes in neuronal activity observed during the
first seconds of DAGO injection, when hemodynamic
parameters remained stable, could be related to the
effect of DAGO on both peripheral p-opiate receptors
[11] and central p-opiate receptors in the nucleus trac-
tus solitarius [9,10], due to high permeability of the
blood-brain barrier for DAGO. Direct effects of DAGO
on central receptors were recently demonstrated: the an-
tiarrhythmic effect of DAGO persisted during the block-
ade of vagal afferent fibers and disappeared after vago-
tomy (blockade of both afferent and efferent fibers) [4].

Thus, impulse activity of sensory neurons and in-
terneurons during DAGO infusion underwent parallel
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Fig. 2. The number of sensory neurons (7) and interneurons responded (2) to intravenous DAGO infusion by increased (a) or decreased

(b) firing rate.

changes (Fig. 2). Previous experiments showed that
parallel changes in impulse activity of bulbar cardio-
vascular sensory neurons and interneurons are typical
of myocardial ischemia not associated with irreversible
ventricular fibrillation. And, on the contrary, opposite
changes in impulse activity of these neurons during
coronary occlusion culminated in animal death [2].
These findings confirm the hypothesis that the
antiarrhythmic effect of p-opiate receptor agonist DAGO
during myocardial ischemia is mediated by its direct in-
fluence on neurons of the bulbar cardiovascular center.
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