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In the present work, we have studied the effects of systemic 
morphine on the electrophysiological properties of ventro- 
medial medulla (VMM) neurons in the awake, freely moving 
rat. By means of a chronically implanted single-unit record- 
ing device, a drug delivery catheter, and the use of controlled 
innocuous and noxious cutaneous stimuli, we were able to 
study precisely the spontaneous and evoked VMM neuronal 
activities. We have particularly focused our attention upon 
the VMM “multimodal, multireceptive” units, excited by non- 
noxious and noxious stimuli (VMM MULT ON), which we have 
already determined as the neuronal class potentially in- 
volved in nociceptive processes at VMM level. We found 
that morphine (3 mg/kg, i.v.) does not affect the spontaneous 
activity of these neurons whereas their responses to noxious 
heat are strongly attenuated (70%), over a prolonged period 
(about 2 hr) associated with an increase in the response 
latency. This action of morphine appears to be pharmaco- 
logically specific since it is dose dependent to some extent, 
and is reversed by 0.3 mg/kg of naloxone. In parallel with 
this pharmacological specificity, we have also demonstrated 
a preferential physiological effect since the response of the 
VMM MULT ON neurons to light touch application is not af- 
fected by morphine. This specificity is emphasized by the 
fact that morphine does not modify the activity of the other 
VMM neuronal groups such as the units unresponsive to any 
kind of peripheral stimuli, and does not reveal “new” neu- 
ronal classes such as those we have found in previous stud- 
ies after barbiturate administration. The differential effect 
upon the noxious versus innocuous inputs of these units 
produced by the opiate reinforces their participation in no- 
ciceptive processing since similar effects have been re- 
ported in well-known nociceptive somatosensory structures 
such as the dorsal horn of the spinal cord. Furthermore, 
although the precise mechanisms of action have not yet 
been determined, the spinal projection of the VMM MULT 
ON neurons, previously demonstrated by our group, sug- 
gests their involvement in an opiate descending spinal con- 
trol system of nociception. Although speculative, one can 
imagine either a direct facilitatory MULT ON spinal effect 
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being attenuated by morphine (disfacilitation), or a mor- 
phine-induced disinhibition of inhibitory GABAergic neurons 
acting upon the MULT ON neurons. 

It has been well established that the ventromedial medulla 
(VMM; nuclei raphe magnus, paragigantocellularis, magnocel- 
lularis pars alpha), which plays a critical role in stimulation- 
produced analgesia and the descending control systems of no- 
ciceptive information at the spinal level, is also involved in 
opiate analgesia (see reviews in Basbaum and Fields, 1978, 1984; 
Besson et al., 1978a, 1982; Willis, 1982; Duggan and North, 
1984; Besson and Chaouch, 1987; Fields et al., 1991). Indeed, 
combined behavioral and neuropharmacological studies have 
shown that morphine microinjected into the nuclei raphe mag- 
nus (NRM) and paragigantocellularis produced strong analgesic 
effects (Akaike et al., 1978; Dickenson et al., 1979; Levy and 
Proudfit, 1979; Azami et al., 1980b), the magnitude of which 
is similar to those obtained by electrical stimulation of these 
structures. Furthermore, the antinociceptive effects produced 
by the microinjection of morphine were reversed by systemic 
naloxone. Very recently, it has been shown that intracerebro- 
ventricular or intrathecal morphine suppresses the spinal cord 
c-fos expression evoked by noxious stimuli (Botchkina et al., 
1990; Gogas et al., 199 1). Moreover, electrolytic lesions and the 
reversible inactivation of the NRM (Proudfit and Anderson, 
1975; Yaksh et al., 1977; Chance et al., 1978; Azami et al., 
1980a; Proudfit, 1980, 198 1; Young et al., 1984), or the de- 
struction of the dorsolateral funiculus of the spinal cord (which 
contains many descending fibers from NRM; Basbaum et al., 
1977; Barton et al., 1980) strongly attenuate morphine anal- 
gesia. Marked interferences between the morphine antinocicep- 
tive effects and NRM stimulation producing analgesia have been 
reported. As a matter of fact, a cross-tolerance between both 
phenomena (Oliveras et al., 1978) was demonstrated and NRM 
stimulation-produced analgesia was attenuated after naloxone 
administration (Oliveras et al., 1977; Zorman et al., 198 1). 

Since these behavioral and neuropharmacological data are 
fairly consistent and favor the involvement of the VMM de- 
scending control systems in morphine analgesia, one could ex- 
pect that the more precise electrophysiological single-unit stud- 
ies, at the VMM level, would be reasonably coherent. 
Unfortunately, many of these works, which were mostly per- 
formed under anesthesia, have produced disparate results, taken 
as a whole. For instance, numerous studies have reported that 
the spontaneous activity of the VMM neurons, some of which 
have not been well characterized, was not affected, increased, 
decreased, or increaseddecreased by morphine in variable per- 
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centages from study to study (Anderson et al., 1977; Deakin et 
al., 1977; Satoh et al., 1979; Azami et al., 1980b; Toda, 1982; 
Fields et al., 1983, 1988; Vasko et al., 1984; Chiang and Pan, 
1985; Heinricher and Rosenfeld, 1985; Chiang and Gao, 1986). 
Moreover, the reversal of the morphine effects by naloxone was 
not observed in all these studies. In the nonanesthetized, freely 
moving cat, morphine did not affect the activity of the so-called 
VMM “serotoninergic” neurons (Auerbach et al., 1985). A sim- 
ilar heterogeneity of results was also obtained with the VMM 
single-unit evoked activity following nociceptive and non-no- 
ciceptive stimulation (Fields and Anderson, 1978; Azami et al., 
198 1; Fields et al., 1983, 1988; Heinricher and Rosenfeld, 1985; 
Barbaro et al., 1986; Chiang and Gao, 1986). 

Taking into account that these complex results were observed 
under anesthesia, which could explain their heterogeneity, we 
have attempted to reexamine the effects of morphine upon the 
VMM single-unit activity in the awake, freely moving rat in the 
present study. Our attention has been particularly focused upon 
the “multimodal, multireceptive” neurons, activated by nox- 
ious and non-noxious stimuli (MULT ON), previously de- 
scribed as the only VMM neuronal class potentially involved 
in nociception and its control in the awake, freely moving rat 
(Oliveras et al., 1989, 1990a). 

Materials and Methods 
One hundred two rats weighing between 250 and 350 gm were used in 
the present study. They were kept one to a cage before and after the 
chronic implantations. They received food and water ad libitum, the 
light/dark cycle was 12 hr, and the animals’ room temperature was kept 
constant at 21 + O.YC. 

Chronic implantation of the single-unit recording device and 
the jugular catheter for drug administration 

The chronic implantation of the device has been described in detail in 
a previous technical work (Oliveras et al., 1990b). Briefly, the rats were 
anesthetized with ketamine (150 mg/kg, i.p.) and positioned into the 
stereotaxic frame in the horizontal position. Thereafter, the tip of a 
guide cannula was lowered from 0.2 to 0.5 mm above the VMM, ac- 
cording to the stereotaxic coordinates of FiIkova and Marsala (1967) 
(A-P, 2.8; L, 0.0). This guide was fixed to the recording device, which 
allows vertical movements of the recording electrode (50 pm Teflon- 
coated platinum-iridium wire) outside the guide cannula via a driven 
nut-bolt spring-loaded system. The device was solidly fixed to the cra- 
nium with a strong biological glue (Super-Bond, Sun Medical Co., Ltd.) 
and acrylic. One silver loop, placed through and under the skull, was 
used as the reference electrode. 

In order to minimize stress and avoid the potential loss of neurons 
due to handling for intravenous morphine administration, a 6-cm-long 
Teflon catheter (diameter, 0.2-0.4 mm), filled with heparin and plugged 
with a fine stainless steel wire (diameter, 50 pm), was inserted a few 
millimeters into the external jugular vein. This catheter was solidly fixed 
in place with four silk sutures. It was then passed under the skin of the 
neck in front of the ear and its extremity, connected to a bent stainless 
steel tube used for the subsequent connection to the injection syringe 
via another 70-cm-long catheter, and was cemented close to the single- 
unit recording device. Finally, the catheter was lightly heparinized every 
2 d. 

Recording procedures 

Three days postoperatively, the rats were habituated to the recording 
Plexiglas chamber (45 x 45 x 35 cm) and connected to the recording 
apparatus with flexible shielded cables long enough to allow free motion. 
The electrical recordings between the platinum electrode and the ref- 
erence were amplified, filtered, and monitored continuously on a os- 
cilloscope. All the electrical signals (action potentials and the stimulus 
trigger) were stored on magnetic tape for a subsequent signal analysis. 
This was achieved via a window discriminator and a microcomputer 
in order to produce spike histogram analysis. 

Peripheral stimuli 

In order to search and characterize the VMM MULT ON neurons, we 
applied mechanical stimuli such as air puffs or light touch (manual or 
with a brush) and noxious pinch delivered onto various body regions. 
The pinches were applied to the skin by means of serrated forceps with 
a pressure sufficient for vocalization and attempts to escape. In addition, 
we have systematically used claps and more controlled auditory stimuli 
such as a loud pure tone (600 Hz, 80 dB, 300 msec). As in previous 
studies (Oliveras et al., 1989, 1990a), we have also checked whether 
some VMM neurons were specifically activated by active or passive 
body movements such as neck flexion or extension, for example (“move- 
ment” units, or MVT), and the presence of units that were not driven 
by any kind of peripheral stimulations (UNRES). In order to study the 
effects of morphine precisely, we finally used controlled cutaneous in- 
nocuous and noxious stimuli. 

Controlled non-noxious stimulus. This stimulus (described in detail 
in Olivtras et al., 1990b) was produced by a flat, smooth brush mounted 
onto an electromagnet upon which was applied an intermittent 24 V 
DC voltage (six electromagnetic displacements over 300 msec). The 
brush and electromagnet were included in a device that could also be 
used manually. The brush-skin distance was kept constant with a small 
ring in front of the brush and gently placed on the back of the animal. 
When applied to the experimenters, this type of stimulus was felt as a 
very light tactile fluttering sensation. 

Noxious heat stimulus. This type of stimulus was applied via a contact 
probe (5 mm diameter) glued onto the shaved skin of the animal’s back 
at the time of experimentation. This arrangement allowed free motion 
of the rat. The heat pulses (from 36°C to 5O”C), at a speed of 8”C/sec, 
were produced by a 0.5 set 24 V DC voltage applied through the probe 
passive resistance. The pulses were controlled by a copper-constantan 
thermocouple glued to the heating surface of the thermal probe. The 
time course of the heat stimulus appears in Figure 9. With the experi- 
menters, this noxious heat pulse induced the well-known double pain 
sensation produced by a brief noxious stimulus (Lewis and Pochin, 
1938; Landau and Bishop, 1953; Sinclair and Stockes, 1964; Price et 
al., 1977). 

Eflects of morphine 

After control periods, morphine hydrochoride (Meram Laboratories, 3 
mg/kg or 0.3 mg/kg) or naloxone (Narcan, Du Pont Laboratories, 0.3 
mg/kg) was slowly administered in small volumes (0.1-0.25 ml) fol- 
lowed by 0.2 ml of saline via the 70-cm-long catheter (see above). In 
the case of the saline administration, a volume of 0.4 ml was injected. 
For the two different VMM penetrations, one in the awake condition, 
and the other after morphine administration (see below), morphine (3 
mg/kg) was injected at once before any recording in the same conditions 
as above. 

EEG activity. The EEG activity was recorded in some rats in order 
to gauge the possible sedative effects of 3 mg/kg of morphine. This was 
done by means of a small silver ball chronically placed above the dura 
matter between the bregma and lambda and a bone reference. The EEG 
recordings started 2 hr before the morphine injection and lasted for 2 
hr. As clearly shown in the representative example in Figure 1, there 
were no obvious changes in the EEG activity after morphine in our 
experimental conditions, as compared to the 2 hr control period. Indeed, 
morphine did not induce the high-voltage, low-frequency activity de- 
scribed in the systematic study of Bronzino et al. (1982) who used, 
however, higher doses of morphine. We have only observed that some 
spindles, clearly visible at 60 min and later in the control period, were 
more numerous after the morphine injection at comparable times. How- 
ever, these spindles could not be the direct consequence of morphine 
administration since, in the work of Bronzino et al. (1982), the EEG 
modifications produced by morphine administration (2.5 and 5.0 mg/ 
kg/i.p.) appeared sooner, within 1 min of the injection. 

Study of the VMM neuronal suontaneous activity. We studied the 
effect of 3 mg/kg of morphine upon the spontaneous activity of the 
MULT ON and UNRES neurons. This activitv was disnlaved contin- 
uously on a chart recorder with 5 set bins, and simultaneously interspike 
interval histograms were constructed every 5 min from lo3 action po- 
tentials. The spontaneous activity was recorded during the 30 min before 
morphine or saline administrations and 90 min after. During these 
periods, the animals were not administered any kind of auditory or 
cutaneous stimulation. They were walking and scuffing items clues at 
least. 
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Figure 1. Example of a surface EEG recording before and after mor- 
phine administration (3 mg/kg, i.v.) in the awake, freely moving rat. 
After the 2 hr control period, one can observe that there is no major 
modification of the EEG activity: only some spindles occurring from 
60 min to 120 min in the control period were more numerous after 
morphine administration at comparable times. 

Eflects of morphine upon the MULT ON responses to peripheral stim- 
uli. The non-noxious stimulus consisted of a 300 msec light touch con- 
trolled stimulus applied only once every 5 min on six MULT ON 
neurons (responding with intense bursts of activation following the ap- 
plication of air puff, tap on table, pinch, and a noxious heat-calibrated 
pulse from 36°C to WC), kept long enough in eight tested rats to gauge 
sufficiently the time course of morphine (120 min after a 15 min control 
period). As opposed to the noxious heat experiments (see below), only 
one dose of morphine (3 mg/kg) was used with the light touch stimulus. 
Saline was tested on the evoked activity of six other MULT ON neurons 
(15 recorded rats) in the same conditions. 

The noxious stimulus consisted of a noxious heat stimulus (pulse 
from 36°C to 50°C) applied once every 5 min during 135 min, and the 
morphine (0.3 or 3 mg/kg) or saline was injected after a 15 min control 
period. For the two doses of morphine and the saline solution, three 
different groups of six MULT ON neurons (respectively, 18, 12, and 
10 recorded rats) were studied. In order to antagonize the effects of 
morphine (3 mg/kg), we injected naloxone (0.3 mg/kg) 18 min after the 
morphine administration in four other MULT ON neurons (kept long 
enough in 10 rats). 

The statistical comparisons between all these various morphine, sa- 
line, and naloxone treatments were made with a one-way ANOVA, 
taking into account all the absolute measurements of the evoked re- 
sponses during the 15 min control period or from the time of admin- 
istration until the end of the experiment. The “evoked response” was 
the total neuronal response from which was subtracted an equal period 
of spontaneous activity. 

Study of VMM neuronal activity after the administration of morphine 
(3 mg/kg). In order to examine whether morphine revealed “new” neu- 
ronal classes, such as we have already reported following other phar- 
macological treatment (barbiturate) in previous experiments (Oliveras 
et al., unpublished observations), we performed VMM explorations in 
29 awake, drug-free rats, and 3 days after, in the same awake morphine- 
treated animals. Each neuron isolated during these explorations was 
characterized with qualitative stimuli similar to those described above. 
In the case of the explorations performed under morphine, however, 
the noxious stimuli were much more intense: in particular, we used a 
noxious heat pulse from 36°C to 65°C. Under these conditions, the 
recordings started 15 min after the injection and never exceeded 60 
min. 

Histological controls 

The recording system was left in place at least 2 weeks after implantation 
in order to mark the electrode track clearly. The animals were injected 
with a lethal dose of pentobarbital (120 mg/kg, i.p.) and perfused with 

300 ml of saline (NaClO.9%) followed by 300 ml of 10% formaldehyde. 
The brainstem was removed, cut into 100 pm frontal serial sections 
corresponding to the VMM region, and stained with cresyl violet. The 
site for each neuron recorded in the VMM was determined from the 
distance between the trace of the guide cannula and the electrode tip 
mark measured in millimeters, and the relative position of the driving 
nut noted at the time of recording (Oliveras et al., 1990b). 

Results 
Recording of the VMM neuronal activity in the same awake, 
drug-free, and morphine-treated (3 mg/kg) rats 
The results of such an approach are summarized in Figure 2 
and include 52 neurons in the morphine-free condition and 44 
units in the same but morphine-treated animals. In this figure, 
it clearly appears that in both conditions, the single-unit re- 
cording sites are almost all located in the VMM. The presence 
and the relative proportion of the different neuronal classes that 
we have already described in the awake rat are comparable in 
both conditions (MULT ON, MVT, UNRES). Moreover, Figure 
2 shows that the regional distribution of these neuronal groups 
within the VMM is the same whatever were the experimental 
conditions. However, besides these neuronal categories that we 
have always found in the freely moving rat, we have also re- 
corded a few other different units exclusively under morphine, 
such as five units with a very slow, regular spontaneous activity 
(about 2 Hz), not modified by peripheral stimuli, and only one 
neuron specifically excited by a non-noxious stimulus. 

All these data demonstrate that under morphine the VMM 
neuronal classes are similar to those encountered in morphine- 
free animals, as opposed to previous results that we observed 
after barbiturate administration (see Discussion). 

Eflects of morphine (3 mg/kg) upon the VMM single-unit 
spontaneous activity in the awake, freely moving rat 

As outlined in the Materials and Methods, these experiments 
were exclusively performed upon the VMM MULT ON and 
UNRES units. For the MULT ON (Fig. 3, in which five neurons 
were tested systematically for 2 hr), although the robust changes 
in activity of some cells were produced by the animal’s move- 
ments (see upper recording of Fig. 3), the mean frequency dis- 
charge calculated in the five neurons every 5 min showed that 
morphine does not modify the VMM MULT ON units’ spon- 
taneous activity. A similar phenomenon was observed with sa- 
line administration in five other units. 

For the VMM UNRES units, as for the MULT ON units, 
morphine does not affect the spontaneous activity (Fig. 4). Fur- 
thermore, it was noted that the movement did not change the 
spontaneous activity, unlike the MULT ON neurons, further 
emphasizing the regularity of these units as shown in the ex- 
ample in Figure 4. 

In the cases of the saline or morphine administrations for the 
VMM MULT ON and UNRES neurons, there is no statistical 
difference among the 5 min measurements pooled together. 

Eflects of morphine (3 mg/kg) upon the MULT ON neuronal 
excitations evoked by light touch and noxious heat 
applications 

After saline administration (six neurons all located in the VMM; 
see Fig. 1 l), the mean magnitude of the light touch responses 
measured every 5 min was fairly stable throughout the 125 min 
experiment (Fig. 5). Indeed, there is no statistical difference 
between the measurements from the time of saline injection to 
the end of the experiment. In addition, these measures are not 
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Figure 2. Schematic representation of the recording sites corresponding to the units found in the same rats tested first awake, drug-free, and a 
few days later after the administration of 3 mg/kg of morphine. MULT ON, multimodal, multireceptive neurons activated by various non-noxious 
and noxious stimuli; MVT, units exclusively responding to movement such as neck flexion; UNRES, units unresponsive to any kind of peripheral 
stimulation; SLOW, neurons with a slow (2 Hz), more or less regular spontaneous activity and unresponsive to peripheral stimulation; INN ONLY, 
neuron exclusively responding to light touch. The numbers in parentheses correspond to units found in each neuronal group. One can observe that, 
except for five slow neurons, morphine has not changed the VMM physiology either qualitatively or quantitatively. In addition, there was no 
particular distortion of the spatial repartition of the recording sites after morphine administration. NRM, Nucleus raphe magnus; NRP, nucleus 
raphe pallidus; NGC, nucleus gigantocellularis; NPGC, nucleus paragigantocellularis; P, pyramidal tract. 

different from those made during the preinjection control pe- 
riod. Figure 5 also shows that 3 mg/kg of morphine did not 
produce any obvious modification of the mean magnitude of 
the light touch responses, as compared to the preinjection or 
saline measurements. These observations are confirmed by the 
fact that there is no statistical difference between the saline and 
morphine conditions. The cumulative peristimulus histograms 
in Figure 6 (six neurons pooled together) demonstrate that at 
20 and 100 min after morphine administration, neither the 
maximum frequency of discharge nor the shape and latency of 
the light touch responses are altered by morphine, as compared 
to the preinjection control histogram. The lack of morphine 
effect upon the light touch latency is also clearly illustrated with 
the single-unit recording example in Figure 7. These rough ob- 
servations are confirmed by the precise measurement of the 
latency values of the six neurons (ranging from 40 to 44 msec). 
Indeed, there is no statistical difference (all the latency values 
every 5 min pooled together) between the saline and morphine 
experiments. Finally, Figure 7 also shows that the morphine 
administration does not modify either the amplitude or the 
polarity of the MULT ON unit action potentials. 

Taking into account six other MULT ON neurons, all located 
in the VMM (see Fig. 1 l), the mean magnitude of the noxious 
heat responses over time does not have the same stability as 
the light touch responses, either before or after saline admin- 
istration (Fig. 8). More particularly, we can note “habituation” 
of the noxious heat responses (in agreement with a previous 
observation; Oliveras et al., 1990a) occurring before the saline 

administration. However, this “habituation” is no longer a fac- 
tor after saline is injected (third stimulation), and from this time 
to the end of the experiment (120 min), the responses are stable 
(no statistical difference between the values). For another group 
of six MULT ON neurons (also all located in the VMM; see 
Fig. 1 l), on which were tested the effects of 3 mg/kg of morphine, 
there is no statistical difference between the preinjection control 
values and saline during the same period. However, after mor- 
phine administration, there is a massive attenuation ofthe MULT 
ON responses to noxious heat compared to saline. This drastic 
reduction, which is about 70% (based upon the means of all the 
measurements in each experimental situation), lasts 120 min 
and is highly statistically significant as compared to saline (F = 
92.8; df = 1; p < 0.00001). Following morphine, the decrease 
of the MULT ON responses was gradual until 20 min, after 
which, with the exception ofonly a few points, a very progressive 
yet incomplete return to the saline values is observed. By con- 
trast to the results obtained with the light touch stimulus, it 
appears that 3 mg/kg of morphine induces a remarkable increase 
in the response latencies to the noxious heat application, par- 
ticularly well illustrated in Figure 9, also showing that morphine 
does not modify either the amplitude or the polarity of the 
MULT ON action potentials. This increase in latency is about 
300 msec, calculated with the peristimulus histograms of Figure 
6, at 20 and 100 min after morphine injection. In Figure 6, one 
can also note that the initial burst of activation due to the light 
touch application is predominant as compared to the maximum 
frequence discharge produced by the 50°C noxious heat appli- 
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Figure 3. Lack of effect of morphine (3 mg/kg) upon the spontaneous activity of the VMM MULT ON neurons in the awake, freely moving rats. 
The upper tracing shows the spontaneous activity of one unit. The lines below the tracing represent the animal’s movements. Although these 
movements would have distorted the appreciation of the morphine effects, clearly visible in the tracing, the lower graphs, representing the mean 
frequency discharge collected from lo3 impulses in five units every 5 min, demonstrate that morphine has no effect, taking into account the 30 
min control period. 
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Figure 4. Lack of effect of morphine (3 mg/kg) upon the spontaneous activity of the VMM UNRES neurons in the awake, freely moving rat. The 
tracing and graphs are in agreement with Figure 3. As for the MULT ON neurons, it appears that morphine has no effect upon the UNRES units’ 
spontaneous activity. 
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Figure 5. Lack of effects of morphine (3 mg/kg) upon the evoked responses of six MULT ON VMM neurons consecutive to a controlled light 
touch stimulus applied to the back of the awake, freely moving rat. On the ordinates are figured the mean responses of the six neurons calculated 
on the basis of the number of impulses occurring within 2 set following the beginning of the stimulus from which was subtracted an equal period 
of spontaneous activity. imp, Number of action potentials. The arrow indicates the intravenous administration. One can observe that morphine 
does not modify these responses as compared to the saline experiment realized onto a different group of six MULT ON VMM units (confirmed 
by the statistical calculations; see text). 

cation, a phenomenon that we have previously reported (Olive- 
ras et al., 1990a). 

Specificity of the efects of morphine on the responses of the 
VMM MULT ON units to noxious heat application 

Due to the obvious difficulty of performing long pharmacolog- 
ical experiments with single-unit recordings in the awake freely 
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moving rat, we did not attempt a complete dose-response mor- 
phine study in the present work. However, the use of a small 
dose of morphine such as 0.3 mg/kg upon six neurons (see Fig. 
11 for the location of the recording sites) revealed that the mag- 
nitude of the morphine effects depended on the dose to some 
extent, taking into account the MULT ON response to noxious 
heat. Thus, Figure 8 clearly illustrates that 0.3 mg/kg elicits 
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Figure 6. Cumulative peristimulus histograms showing the effects of 0.3 and 3 mg/kg of morphine upon the magnitude and latency of the evoked 
responses consecutive to light touch and noxious heat applications onto the VMM MULT ON neurons. These histograms, which have been 
smoothed out (STRATIGRAPHIC smoothing program), were obtained in three different groups of six units before morphine administration (control) 
and at 20 and 100 min after, each group corresponding to a given experimental situation. The line below the right histograms indicates application 
of the light touch stimulus. Note that 3 mg/kg do not change either the amplitude or the latency of the light touch responses. Alternatively, the 
magnitudes of the responses to noxious heat were reduced by morphine, with a very pronounced effect with 3 mg/kg. The latency of the responses 
was increased only with 3 mg/kg (20 and 100 min). 
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Figure 7. Lack of effect of 3 mg/kg of morphine upon the responses 
consecutive to controlled light touch application at the level of the back 
onto the MULT ON VMM neurons: example ofone unit. The bar below 
the recordings indicates application of the stimulus. It clearly appears 
from these tracings that morphine did not change either the latency and 
the burst of activation induced by light touch, or the amplitude and 
polarity of the action potentials. 
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much less of an effect than 3 mg/kg. The statistical calculations 
show that 0.3 mg/kg of morphine significantly reduces the MULT 
ON responses to noxious heat by about 25% (70% for 3 mg/kg) 
as compared to saline (F = 27.4; df = 1; p < 0.00001). Fur- 
thermore, the tendency to return to saline values appears sooner 
and is more pronounced with 0.3 mg/kg than 3 mg/kg. Also 
with 0.3 mg/kg of morphine, there is no shift in the latency of 
the noxious heat response as shown in Figure 6. Finally, Figure 
6 also demonstrates that 3 mg/kg of morphine decreases the 
magnitude ofthe noxious heat responses with no particular effect 
upon the eventual early and late phases of the noxious heat 
response (possibly due to A6 and C peripheral fibers), as has 
been shown in other systems (see reviews in Besson et al., 1978a,b; 
Duggan and North, 1984; Besson and Chaouch, 1987). 

The pharmacological specificity of morphine action on the 
MULT ON neuronal responses to noxious heat in our experi- 
mental conditions was demonstrated by naloxone as illustrated 
in Figure 10 (recording sites on Fig. 11). As compared to the 
morphine 3 mg/kg reference curve and taking into account that 
there is no significant difference between these data and the 
naloxone experiment before the naloxone administration (O-l 5 
min), 0.3 mg/kg of naloxone given 20 min after the 3 mg/kg 
morphine injection clearly and immediately reverses the mor- 
phine effects. This reversal is particularly obvious during the 30 
min following the naloxone administration since there is no 
statistical difference with saline during this period. Thereafter, 
it is noted that the naloxone effects are not obvious, with values 
identical to those of morphine toward the end of the experiment 
(statistical differences with saline: F = 1 1.2; df = 1; p < 0.001). 
The morphine reversal by naloxone cannot be attributed to the 
effects of naloxone per se, since the administration of naloxone 
alone induced a significant increase of the noxious heat re- 

0-D saline n=6 

k--A morph 0.3mglkg n=6 

O-.morph Bmglkg n=6 

Figure 8. Effects of 0.3 and 3 mg/kg 
of intravenous morphine upon the 
evoked responses of the VMM MULT 
ON neurons consecutive to the apph- 
cation of noxious heat pulses (from 36°C 
to 50°C) at the level of the back in the 
awake, freely moving rat. The ordinates 
and arrow indicate the same measures 
and event as in Figure 5 (taking into 
account an 8 set response from which 
was subtracted an equal period of spon- 
taneous activity). The saline and mor- 
phine experiments were realized in three 
different groups of six units. These 
curves show that, as compared to sa- 
line, 3 mg/kg of morphine reduces the 
noxious heat responses in great pro- 
portion (70%; see text) and for a long 

In,” time (more than 2 hr). Much less pro- 
8 6b 1M) 120 nounced effects were obtained with 0.3 

TIME mg/kg (25%). 
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CONTROL 

MORPH 20 mn 

MORPH 1OOmn 

Figure 9. Drastic effects of 3 mg/kg of morphine upon the VMM MULT ON neuronal responses consecutive to noxious heat application: example 
of one unit. Twenty minutes after morphine administration, one can see the huge reduction of the responses and the massive increase of the latency 
as compared to control before injection, still visible 100 min after. Although there was a huge effect upon the latency and the magnitude of the 
noxious heat response, 3 mg/kg of morphine do not change either the amplitude or polarity of the action potentials. 

sponses as compared to saline (not shown) (F = 25.5; df = 1; p 
< 0.0000 1). 

Discussion 

The use of the awake, freely moving rat as an approach for 
studying the effects of morphine upon the VA04 single-unit 
activity 
In the present work, we have demonstrated that it is possible 
to carry out a relatively complete pharmacological morphine 

320 

240 

Figure 10. Reversal of the morphine- % 

induced (3 mg/kg) attenuation of the iti 

VMM MULT ON neurons’ responses a 
consecutive to noxious heat application y 60 
by the intravenous administration of 0.3 
mg/kg of naloxone. The ordinates are 
as in Figure 8. As compared to saline 
(six units) and 3 mg/kg ofmorphine (six 
units) or to the period before its ad- 
ministration, 0.3 mg/kg of naloxone 
(four neurons, open circles with a solid 
dot) clearly reverses the morphine-in- 0 

duced attenuation for about 40 min (see 
text for statistical comparisons). 

study on the VMM single-unit activity in nonanesthetized, freely 
moving rats. This was the essential aim due to the confusing 
results in the literature obtained under anesthesia, as we pre- 
viously discussed. Our experiments were possible because we 
used improved technical devices, such as a single-unit recording 
device, an electromechanical stimulator, and a thermal contact 
probe that we have previously used successfully in other ap- 
proaches (Oliveras et al., 1989, 1990a), plus the chronically 
implanted catheter for drug delivery. 

o-0 saline n=6 
0-O morph 3mg/kg n=6 
O-0 morph 3mglKg + nal O.Smg/Kg n=4 

min 
I 

o-0 0 40 60 120 
TIME 
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NOXIOUS HEAT 

0 sal 
l morph 3mglkg 

@ morph 0.3mglkg 

* nal O.Smg/kg 

* nal0.3mg/kg + morph 3mg/kg 

Although it was difficult to perform these experiments for 
obvious reasons, we have been able to characterize the VMM 
single-unit activity and study it before and after morphine ad- 
ministration for a sufficient period of time (135 min). Hence, it 
was possible to study both the spontaneous and evoked activities 
of the different neuronal classes that we have already determined 
in previous studies (Olivtras et al., 1989, 1990a). For the evoked 
activity, the use of controlled peripheral non-noxious and nox- 
ious stimuli delivered every 5 min allowed us to determine with 
precision the time course and the magnitude of the morphine 
effects. In these conditions, morphine did not affect the units 
that are not driven by peripheral stimulation (UNRES) and the 
neurons exclusively activated by the animal movements, but 
strongly modified the VMM MULT ON nociceptive evoked 
activity. 

Specificity of the morphine effects upon the VMM neuronal 
activity in the awake, freely moving rat 

The fact that morphine does not modify the activity of the 
UNRES and movement VMM neurons demonstrates, to some 
extent, that it does not change the physiological properties of 
the VMM neuronal types other than the MULT ON units, in- 
dicating some amount of specificity. Moreover, we also showed 
that there was no major qualitative difference in terms of neu- 
ronal categories in rats tested drug-free and after morphine ad- 
ministration (first section of the Results). During the VMM 
penetrations performed under morphine, we only recorded five 
neurons (9% of the total neuronal population under morphine), 
with a slow and more or less regular spontaneous activity, rem- 
iniscent of the so-called “serotoninergic” VMM units that we 
did not find in the drug-free situation. This lack of modification 
highly contrasts with previous studies performed in similar ex- 
perimental conditions with pentobarbital (same rats tested first 
awake and then after barbiturate administration, Olidras et al., 

Figure II. Schematic representation 
of the recording sites corresponding to 
the neurons studied in the different ex- 
perimental situations. Each so/id and 
open symbol refers to a given treatment, 
the open symbols being the saline con- 
dition. All these recording sites are lo- 
cated in the VMM, with no preferential 
spatial repartition for a given condi- 
tion. The abbreviations are as in 
Figure 2. 

unpublished observations). Indeed, we found that pentobarbital 
reveals “new” neuronal classes as compared to the awake con- 
dition, such as units excited or inhibited or excited-inhibited 
by peripheral innocuous and/or noxious stimuli. As opposed to 
these results, morphine has not obviously revealed these “new” 
neuronal groups that were previously silent in awake, drug-free 
animals. 

We have also observed that morphine produces pharmaco- 
logically specific effects upon the MULT ON activity produced 
by the application of a controlled natural painful stimulus, nox- 
ious heat. Although we have not developed a complete phar- 
macological study, we have shown that morphine induces a 
strong reduction of the magnitude and an increase of the latency 
of the noxious heat response, which depended on the dose. We 
have also demonstrated that these effects are completely re- 
versed by naloxone. Although pharmacologically specific, the 
attenuation of the noxious heat responses could have been due 
to a more general sedative effect of morphine. However, the 
EEG recordings performed before and after morphine admin- 
istration showed that this is not the case. Morphine’s attenuation 
of noxious heat responses is unlikely to be due to habituation 
of the noxious heat responses, because such habituation was not 
seen in saline controls. Besides these results, we have also made 
the relevant observation that morphine does not affect the re- 
sponses of the MULT ON VMM neurons following the appli- 
cation of an innocuous stimulus, even with the relatively high 
intravenous dose of 3 mg/kg. These data demonstrating the 
specificity of morphine are quite remarkable since its action is 
exerted upon very convergent neuronal networks. 

The MULT ON neurons as the crucial target of the opiate 
action at VMM level 

Our data agree with some of the literature concerning the effects 
of morphine at VMM level in the anesthetized rat. Indeed, it 
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has been shown that morphine administered systemically or by 
microinjection into the periaqueductal gray (PAG) or by mi- 
croiontophoresis into the nucleus paragigantocellularis also in- 
duces a clear attenuation of the excitation following noxious 
stimulation in certain VMM neurons (Azami et al., 198 1; Hein- 
richer and Rosenfeld, 1985; Barbaro et al., 1986; Cheng et al., 
1986; Chiang and Gao, 1986; Fields et al., 1988). However, 
these studies reveal that, as opposed to our results, the morphine 
effects are multidirectional: it has been reported in variable 
proportions from study to study that the nociceptive responses 
ofthe VMM units (excitation or inhibition) could be potentiated 
or not affected by morphine, in addition to the above-mentioned 
inhibition. Also, these effects were reported on VMM sponta- 
neous activity (Anderson et al., 1977; Deakin et al., 1977; Satoh 
et al., 1979; Azami et al., 1980, 198 1; Toda, 1982; Fields et al., 
1983, 1988; Chiang and Pan, 1985; Heinricher and Rosenfeld, 
1985; Barbaro et al., 1986; Chiang and Gao, 1986) an obser- 
vation that we have not made. Furthermore, from some of these 
studies (Heinricher and Rosenfeld, 1985; Chiang and Gao, 1986) 
it appears difficult to determine precisely upon which neuronal 
type morphine is acting; hence, there is no available information 
on the potential differential effect of morphine on the VMM 
noxious versus innocuous inputs in anesthetized animals. In 
other works (Azami et al., 198 1; Cheng et al., 1986; Fields et 
al., 1988) morphine seems to affect preferentially the “noci- 
ceptive specific” VMM neurons, but the neuronal classes re- 
ported from these works were not defined with sufficient pre- 
cision. 

In our opinion, the above results and, by extension, perhaps 
others from supraspinal structures under anesthesia (Eidelberg 
and Bond, 1972; Kerr et al., 1974; Satoh et al., 1974; Shigenaga 
and Inoki, 1976; Duggan and Hall, 1977; Hill and Pepper, 1978; 
Hosford and Haigler, 1980; Morlhand and Gebhart, 198 1; Ha- 
kan and Henriksen, 1987) might be explained in part by the use 
of different anesthetics and lack of control of the level of an- 
esthesia in the majority of the studies. In addition, we have 
previously shown that barbiturate anesthesia distorts the elec- 
trophysiological properties of VMM neurons and can reveal 
neuronal classes that were “silent” in the awake condition, as 
we have underlined above. Hence, all these results tend to in- 
dicate that sometimes the effects of morphine have been studied 
upon systems that are not active in the awake, freely moving 
rat. This possible explanation together with the morphine se- 
lectivity toward the MULT ON units suggests a potential role 
in a VMM opiate mechanism. 

Functional aspects of the action of morphine on the VMM 
MULT ON neurons 

An important question is whether morphine affects directly or 
indirectly the activity of the MULT ON neurons. Although we 
cannot answer this in our experiments, a direct action is envis- 
aged. This is supported by the fact that the focal administration 
of small amounts of morphine into the VMM is effective at 
producing behavioral effects such as analgesia, reversed by in- 
tracerebral or systemic naloxone (Dickenson et al., 1979; Azami 
et al., 1980a,b; Heinricher and Rosenfeld, 1985). Moreover, in 
vitro studies have shown a direct opioid action on NRM neurons 
(Pan et al., 1990). We can, however, also hypothesize that the 
observed morphine effects at the VMM level could be indirectly 
due to an action on opioid-sensitive structures that project to 
the VMM. Although many areas could be implicated, the PAG 
gray matter is likely to be involved. Indeed, the VMM receives 

dense direct PAG afferents (Abols and Basbaum, 198 1; Beitz, 
1983; Fardin et al., 1984; Williams and Beitz, 1990) and mor- 
phine microinjected in the PAG strongly affected some VMM 
neurons (Heinricher and Rosenfeld, 1985). As we have outlined 
above, differential morphine effects similar to those we de- 
scribed have already been reported on some dorsal horn spinal 
cord neurons; hence, an action via the spinal cord is possible. 
However, it has been reported that 0.3 mg/kg of morphine, 
which is effective on the MULT ON VMM neurons, does not 
produce any depressive effect on spinal cord neurons (Le Bars 
et al., 1980). 

However, whatever the mechanisms of morphine action upon 
the VMM MULT ON neurons, another relevant question con- 
cerns the potential relationships between this neuronal group, 
the spinal cord, and the effects of morphine. Indeed, in addition 
to a direct depressive spinal effect on nociceptive processing, an 
indirect morphine action via descending controls of supraspinal 
origins (arising from the VMM among other regions) has been 
proposed (see reviews in Besson et al., 1978a,b; Besson and 
Chaouch, 1987), although the existence of such an indirect effect 
has been denied at the VMM level (Le Bars et al., 1980; Le Bars 
and Villanueva, 1988). Since the VMM MULT ON neurons are 
strongly affected by morphine and some of them project to the 
spinal cord through the lateral funiculus, as we have shown 
(Martin et al., 1990) it is reasonable to think that this neuronal 
class is involved in opiate descending control systems of noci- 
ception. However, our results are not in agreement with the idea 
that tonic descending controls (see reviews in Besson et al., 1982, 
1987) are reinforced by morphine. Indeed, the MULT ON VMM 
neurons rarely possess a sustained regular background activity, 
and even when present, this activity is not changed by morphine. 
This lack of morphine effect was also noted for the UNRES 
units, which could have played a possible role in such tonic 
systems, due to their relatively high and regular rate of spon- 
taneous activity. Our data would be rather in favor of an in- 
terference between morphine and the VMM phasic descending 
systems triggered by nociceptive stimulation. This proposal is 
in good agreement with the previous results obtained with other 
neuronal models such as those of Fields’ group, in which the 
VMM “ON cell” excitations in response to noxious stimulation 
are also strongly attenuated by morphine (Cheng et al., 1986; 
Fields et al., 1988) and the diffuse noxious inhibitory controls 
of Le Bars’ group, which are reduced by low doses of morphine 
(Le Bars et al., 198 1; Le Bars and Villanueva, 1988). However, 
we do not yet know what could be the consequences of the effect 
of morphine on MULT ON neurons for the spinal neuronal 
systems. Indeed, we do not know whether these units specifically 
control spinal nociceptive processing. This is due to the lack of 
information upon their spinal action such as their precise spinal 
targets and the nature of the effect (inhibitory or facilitatory?). 
However, we can envisage hypotheses that explain the attenu- 
ation of the spinal nociceptive attenuation produced by mor- 
phine via the VMM MULT ON neurons. As already suggested 
by Fields et al. (1988) the MULT ON units, like the “On-cells” 
of Fields’ group, would perhaps exert a facilitatory effect upon 
nociceptive spinal transmission. In such a case, the inhibitory 
morphine effect upon these neurons would finally result in a 
spinal “disfacilitation” of the nociceptive information. In the 
case of a MULT ON spinal inhibitory influence, like the “Off- 
cells” of Fields’ group, the mechanism is more complex since 
morphine would inhibit GABAergic neurons that inhibit the 
activity of the MULT ON units. 
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