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Buprenorphine blocks diffuse noxious inhibitory controls in the rat 
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Abstract 

A C-fibre reflex elicited by electrical stimulation within the territory of the sural nerve was recorded from the ipsilateral 
biceps femoris muscle in anaesthetised rats. Such reflex responses can be inhibited by applying noxious conditioning stimuli to 
heterotopic areas of the body. These inhibitory processes have been termed diffuse noxious inhibitory controls. The responses 
were recorded before, during and after the immersion of the tail in a thermoregulated waterbath (at 50°C) for 1 rain. The C-fibre 
reflex responses were depressed by a maximum of 71 _+ 3% at 45 s after the start of such conditioning stimuli. A dose of 3/xg/kg 
buprenorphine completely blocked the inhibition and post-stimulus effects triggered by the heterotopic noxious stimuli. In the 
0.3-3/zg/kg range, buprenorphine increased, in a dose-dependent manner, the magnitude of the inhibition. These doses did not 
produce any changes in the C-fibre reflex itself. The results are discussed in terms of the mechanisms underlying the analgesic 
properties of buprenorphine. 
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1. Introduct ion 

Buprenorphine is a partial agonist of opioid recep- 
tors, with a high lipid solubility and high receptor 
affinity but a low intrinsic activity (Dum and Herz, 
1981; Boas and Villiger, 1985). Because of these phar- 
macological properties, its clinical applications have 
been restricted to the control of postoperative pain 
(Harcus et al., 1980; Ellis et al., 1982). 

It is well established that in animals and humans, 
opioid analgesia results from actions occurring at both 
spinal and supraspinal sites. The spinal action involves 
a potent depression of the transmission of nociceptive 
signals from the first relays in the central nervous 
system, i.e., the dorsal horn neurons of the spinal cord 
(see Duggan and North, 1984; Yaksh and Noueihed, 
1985). In the rat, the C-fibre reflex is a useful tool for 
pharmacological studies of spinal nociceptive transmis- 
sion (Strimbu-Gozariu et al., 1993; Guirimand et al., 
1994). We reported recently that buprenorphine,  
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whether applied via an intravenous, intrathecal or in- 
tracerebroventricular route, facilitated the C-fibre re- 
flex and did not block spinal transmission of nocicep- 
tive signals (Guirimand et al., 1995a, b). The lack of a 
direct or indirect depressive spinal effect suggested 
that understanding the mechanism of action of 
buprenorphine required other hypotheses implicating 
supraspinal sites of action (Guirimand et aI., 1995a, b). 
In fact, a second, indirect and complementary, 
antinociceptive action of opioids can result from their 
effects at some brain sites where they can modulate 
descending inhibitory controls which in turn modulate 
signals of pain. A number of studies, using intracere- 
bral mieroinjection techniques, have focused on the 
involvement of particular supraspinal areas in mor- 
phine analgesia, e.g. the periaqueductal gray and nu- 
cleus raphe magnus (for a review, see Yaksh and 
Malmberg, 1994). However, although some electro- 
physiological studies in rats and cats support the pro- 
posal that morphine increases descending inhibitory 
controls (Bennett  and Mayer, 1979; Jurna and Zetler, 
1985; Gebhart  et al., 1984; D u e t  al., 1984), other 
results lead to the opposite conclusion, namely that 
morphine decreases descending inhibitory controls 
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(Sinclair, 1986; Bouhassira et al., 1988; Le Bars et al., 
1980; Llewelyn et al., 1987; Dickenson and Le Bars, 
1987a, b). Electrophysiological studies both in experi- 
mental animals (I_e Bars et al., 1981) and in man (Le 
Bars et al., 1992) support the hypothesis that low 
systemic doses of morphine exhibit antinociceptive 
properties by blocking those descending inhibitory con- 
trois which are triggered by noxious stimuli and termed 
diffuse noxious inhibitory controls (see Discussion). In 
man, a 0.05 mg /kg  intravenous dose of morphine did 
not induce any change in the R m reflex, indicating a 
lack of direct depressive effect; however such a dose 
completely blocked the inhibitory effects of heterotopic 
noxious thermal stimuli, thus suggesting a supraspinal 
site of action (Le Bars et al., 1992). The analgesic 
effects of low doses of morphine probably involve such 
mechanisms. By analogy with morphine, it has been 
proposed that buprenorphine produces analgesia by 
modulating descending inhibitory systems originating 
from the brainstem and acting on spinal nociceptive 
neurons. 

The present study was designed to test this hypothe- 
sis using systemic injections of buprenorphine and nox- 
ious thermal conditioning stimuli. 

2. Materials and methods 

1994, 1995a; Falinower et al., 1994). Electrophysiologi- 
cal recordings of C-fibre reflex activity elicited by elec- 
trical stimulation within the receptive field of the ipsi- 
lateral sural nerve were made from the biceps femoris 
muscle. For this purpose, a pair of non-insulated plat- 
inum-iridium needle electrodes was inserted subcuta- 
neously in the medial part of the fourth and the lateral 
part of the fifth toe. Electromyographic (EMG) re- 
sponses were recorded with another pair of non-in- 
sulated platinum-iridium needles that were inserted 
through the skin into the biceps femoris muscle. 

The electrical stimuli were single square-wave shocks 
of 2 ms duration and were delivered once every 6 s 
from a constant current stimulator. The stimulus inten- 
sities and the EMG responses were fed to an oscillo- 
scope for continuous monitoring and to a computerised 
system which digitized and recorded the EMG  from 50 
ms before until 450 ms after the start of the stimulus. 
The digitized EMG  recordings were full-wave rectified 
and the C-fibre-evoked responses were integrated 
within a time-window starting 150 ms and finishing 450 
ms after the start of the stimulus. The individual reflex 
responses were plotted either against time to allow the 
study of their temporal evolution or against stimulus 
intensity to build recruitment curves. The integrals 
were expressed in millivolts x milliseconds (mV x ms) 
and the current intensities in milliamperes (mA). 

2.1. Animal preparation 

The general procedure was very similar to those 
described previously (Strimbu-Gozariu et al., 1993; 
Guirimand et al., 1994). In brief, experiments were 
carried out on Sprague-Dawley rats, weighing 350-400 
g. During surgery (tracheotomy and cannulation of a 
jugular vein), the animals were deeply anaesthetised 
with 2.5% halothane in a nitrous oxide/oxygen mixture 
( 2 / 3 : 1 / 3 ) .  After  surgery, the concentra t ion of 
halothane was lowered to 1.2% in 100% oxygen. 
Throughout  the experiments, the animals were artifi- 
cially ventilated (50 counts /min)  and the heart rate 
was monitored continuously. The levels of 0 2 , end-tidal 
CO 2 (3.2-3.5%) and halothane (1.2%) were monitored 
continuously using a capnometer (Capnomac II, Datex 
Instruments, Helsinki, Finland). The measurements of 
CO 2 and halothane were performed by infra-red ab- 
sorbtion and that of 0 2 by a fast paramagnetic ana- 
lyzer. These parameters were displayed digitally and 
were linked to an alarm. Body temperature was main- 
tained at 37 + 0.5°C by means of a homeothermic 
blanket system. 

2.2. Electrophysiological recordings 

The methods employed have been described previ- 
ously (Strimbu-Gozariu et al., 1993; Guirimand et al., 

2.3. Control period characteristics and conditioning pro- 
cedure 

All experiments started with a control period during 
which the characteristics of the reflex were deter- 
mined. Then, 20-30 min after the end of surgery and 
decrease in the level of anaesthesia (i.e. when the 
expired halothane was reduced to 1.2%), the applica- 
tion of 15 mA stimuli to the sural nerve receptive field 
resulted in stable supramaximal reflex responses which 
showed minimal fluctuations. This preliminary finding 
was regarded as a prerequisite for starting the condi- 
tioning procedure. In order to determine the threshold 
of the C-fibre reflex, a control recruitment curve was 
built by increasing the stimulus intensity. Reflex re- 
sponses increased monotonically and reached a plateau 
at high intensities. The threshold of the C-fibre-evoked 
response was defined as being the intersection of the 
polymodal regression curve and the abscissa (see Guiri- 
mand et al., 1994). Thereafter,  constant-current stimuli 
(1.5 x threshold) were applied. The stability of EMG 
responses was then checked for a period of 10 min. 

As reported previously, various noxious (thermal or 
mechanical) heterotopic conditioning stimuli produced 
clear-cut depressions of C-fibre reflex activity 
(Falinower et al., 1994). Thermal conditioning stimuli 
were delivered using a thermoregulated (50°C) and 
agitated waterbath into which the tail was immersed up 
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to 2 / 3  of its length. This temperature was chosen 
following pilot studies and based on previous reports 
(Falinower et al., 1994) which concluded that inhibition 
was related to the temperature of the bath in the 
47-52°C range. These conditioning procedures were 
applied for 1 rain with an interval of at least 10 min 
between successive tests. Such an interval was chosen 
to allow the study of post-stimulus effects and to avoid 
any phenomenon of sensitization of skin receptors 
(Beitel and Dubner, 1976; Lamotte et al., 1982) which 
could introduce bias into the results. Two conditioning 
tests were performed during the control period. 

2.4. Pharmacological procedure and processing of data 

The effects of intravenous buprenorphine hydro- 
chloride (Schering-Plough) on diffuse noxious in- 
hibitory controls were determined for four doses of the 
drug (0.3, 1, 2 and 3 / z g / k g )  and compared to those of 
saline, using the analysis of variance. Drugs were in- 
jected over a period of 30 s. The two conditioning 
procedures were repeated 30 rain after the administra- 
tion of the drug. For each sequence, the mean control 
response was calculated over the 3 min preceding the 
conditioning period and each reflex response of the 
sequence was expressed as a percentage of this mean. 
Calculating the areas under the time-course curves 
between the start of the conditioning test and a 3 min 
post-stimulus period provided an overview of the in- 

hibitory processes and allowed a comparison of the 
effects of saline and various doses of buprenorphine. 
In order to analyse these effects in more detail, the 
percentage inhibition due to diffuse noxious inhibitory 
controls in each individual sequence, was calculated 
with reference to the unconditioned C-fibre reflex re- 
sponses in that particular sequence. Inhibitions were 
calculated during the first 30 s of immersion of the tail. 
For each animal, the percentage decrease in diffuse 
noxious inhibitory controls was calculated as: 

( mean inhibition after injection ) 
100 × 1 - 

mean control inhibition 

A mean dose-response curve was built on a semilog- 
arithmic plot to illustrate the effect of buprenorphine 
on diffuse noxious inhibitory controls. Least squares 
linear regression was used for curve fitting and analysis 
of variance was performed to test the linearity of the 
dose-response curve. Results were considered signifi- 
cant at P < 0.05. The data are expressed as means + 
S.E.M. Each dose was studied in five to seven rats, 
each of which was used only once. 

3. Results 

3.1. General findings 

The experimental procedure consisted of sequences 
during which the C-fibre reflex elicited by stimulation 
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Fig. 1. Individual examples of reflex responses to C-fibre activation: EMG recordings from the biceps femoris. The responses were elicited by 
electrical stimulation (2 ms duration; 1.5 x threshold intensity) of the sural nerve territory at the time indicated by an arrow. The responses were 
analysed within a 150-450 ms post-stimulus time-window (horizontal bar). The upper traces were recorded before the conditioning procedure. 
The intermediate traces were recorded during the conditioning procedure, i.e. immersion of the tail for 1 min in a 50°C waterbath. The lower 
traces were recorded during the 3 min after the conditioning procedure (post-stimulus effects). (A) Recordings during the control period. The 
C-fibre reflex responses were depressed during and after the application of the heterotopic noxious thermal stimuli. (B) 30 min following 3 
#g/kg intravenous buprenorphine, no change occurred in the control response (upper traces) but the depression of C-fibre reflex triggered by 
heterotopic noxious stimuli was completely blocked (middle traces). Post-stimulus effects were also completely blocked (lower traces). 
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of the sural nerve was recorded before, during and 
after the application of a noxious thermal conditioning 
stimulus (50°C) to the tail. Such sequences were per- 
formed before and 30 min following the administration 
of saline or buprenorphine.  Buprenorphine blocked 
the inhibition elicited by the heterotopic noxious stimu- 
lus in a dose-dependent manner. 
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Fig. 2, Overall results showing the time courses of the effects of 
saline or buprenorphine on diffuse noxious inhibitory controls. Ordi- 
nate: C-fibre-evoked EMG responses, elicited by a constant stimulus 
intensity (1.5 × threshold for the C-fibre reflex in the control situa- 
tion) and expressed as percentages of the mean control values 
calculated during the 3 min period preceding the conditioning proce- 
dure. Saline (A) or buprenorphine (B) was injected following a 
control period of at least 10 min. For clarity of presentation, only the 
3 min before and after the conditioning procedure are represented. 
The shaded areas represent the 1 rnin period of the conditioning 
procedure. For each dose, the mean result from five to seven rats 
was considered while for each animal, the mean result from two 
conditioning tests separated by an interval of more than 10 min was 
considered. Saline (A) and 0.3/~g/kg buprenorphine did not modify 
the depression of the C-fibre reflex seen during and after the 
application of the heterotopic noxious stimuli. Buprenorphine (1 and 
2 /xg/kg) reduced the inhibitions elicited by heterotopic stimuli and 
delayed them by comparison with the controls. Buprenorphine (3 
~g/kg) completely blocked the depression of the C-fibre reflex 
induced by the application of a heterotopic noxious stimulus. This 
dose also completely blocked post-stimulus effects. 

3.2. Characteristics of  the reflex, and effects of the het- 
erotopic noxious conditioning stimulus in the control 
period 

As described previously (Strimbu-Gozariu et al., 
1993; Guirimand et al., 1994, 1995a; Falinower et al., 
1994), electrical stimulation within the receptive field 
of the sural nerve elicited a two-component response 
in the ipsilateral biceps femoris muscle. The first com- 
ponent  had a short latency (10-100 ms) and a low 
threshold. The second had a longer latency (150-450 
ms) and a higher threshold (10.4 + 0.5 mA). This latter 
threshold was higher than that reported in a previous 
study (6.8 + 0.2 mA; Guirimand et al., 1994) in which a 
lower concentration of halothane was used (0.9% as 
opposed to 1.2% in the present study). The first com- 
ponent of the reflex response is probably due to activa- 
tion of myelinated cutaneous afferent fibres; it has 
been demonstrated that the second is elicited by acti- 
vation of unmyelinated afferent fibres and thus it has 
been termed the C-fibre reflex (Falinower et al., 1994). 
The present work focused on the analysis of this C-fibre 
reflex elicited by a stimulus intensity of 1.5 × threshold. 

Fig. 1 shows individual examples of electromyo- 
graphic responses elicited by a 1.5 × threshold stimulus 
intensity. These reflexes exhibit the classical electro- 
physiological features of a polysynaptic reflex. As illus- 
trated in Fig. 1A, the C-fibre reflex responses were 
strongly depressed during (middle trace) and after 
(lower trace) the application of the noxious thermal 
(50°C) conditioning stimuli to the tail. The overall time 
courses of the inhibitory effects elicited by the hetero- 
topic noxious stimulus are shown in Fig. 2A. In the 
control periods, there were no statistical differences 
between the various experimental groups. Pooling all 
data from the control periods allowed the character- 
istics of these inhibitions to be determined carefully: 
the depressive effects appeared rapidly, within less 
than 6 s of the start of the conditioning stimulus; the 
maximal effect (71 + 3%) occurred 45 s following the 
start. This depressive effect outlasted the conditioning 
period by several min: for example, 3 rain after removal 
of the tail from the hot water, there remained an 
inhibition of 15 + 4%. 

3.3. Characteristics of responses following intravenous 
buprenorphine 

3.3.1. Effects of buprenorphine on the C-fibre reflex 
responses 

As shown in the individual example (Fig. 1A, B, 
upper traces), no change in the reflex response was 
seen when 3 /zg/kg buprenorphine was injected. In 
order to analyse the effects of buprenorphine, the 
reflex responses recorded 30 min after the injection of 
saline or buprenorphine over a 3 min period preceding 
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the conditioning test, were expressed as percentages of 
the corresponding control period (the 3 rain preceding 
the first conditioning test). The analysis of variance was 
used to compare the effects of buprenorphine with 
those of saline. Buprenorphine in the 0.3-3 /zg/kg 
range never induced a significant change in the uncon- 
ditioned C-fibre reflex responses, at least not at the 
low stimulus intensity (1.5 × threshold) used in this 
study (F(4,49) = 1.01; P = 0.41). 

4. Discussion 

The results of the present study confirmed that the 
C-fibre reflex can be strongly inhibited by a heterotopic 
noxious thermal stimulus. Low doses of intravenous 
buprenorphine, which did not modify the character- 
istics of the C-fibre reflex itself, blocked in a dose-de- 
pendent fashion these inhibitory effects triggered by 
heterotopic noxious conditioning stimuli. 

3.3.2. Effects of  buprenorphine on diffuse noxious in- 
hibitory controls 

As shown by in the individual example (Fig. 1B, 
middle trace), the inhibition of the C-fibre reflex 
elicited by immersion of the tail in 50°C water, was 
completely blocked following the injection of 3 /xg /kg  
buprenorphine. Overall, buprenorphine blocked the 
depressive effect induced by the conditioning hetero- 
topic noxious stimuli in a dose-dependent manner. 
Following 0 .3 /zg/kg buprenorphine, no changes were 
noticed (Fig. 2B). Intermediate doses (1 and 2 ~g/kg)  
reduced the inhibitions (Fig. 2C,D) while 3 /zg/kg 
buprenorphine completely blocked all inhibitions (Fig. 
2E). When the areas under the time-course curves 
starting at the beginning of the conditioning stimulus 
and lasting 4 rain were analysed, only the highest dose 
of buprenorphine (3 /~g/kg) achieved a statistically 
significant effect in comparison with the controls (P < 
0.0001). More detailed analysis showed that following 1 
and 2 ~g /kg  buprenorphine, the depressive effect 
appeared later than it did during the control periods. 
This phenomenon is shown in Fig. 3 in which the first 
30 s after the onset of the conditioning stimulus are 
considered: the percentage decrease in the inhibitions 
elicited by the heterotopic noxious stimuli increased 
with the dose. This percentage was linearly related to 
the logarithm of the dose in the 0.3-3 /~g/kg range. 
Over a longer period, the decrease in diffuse noxious 
inhibitory controls was less significant, suggesting that 
the phenomenon was slowed but not abolished. 
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Fig. 3. Dose-response  relationship for the effects of  buprenorphine  
on diffuse noxious inhibitory controls. The  dose-response curve was 
built by plotting on a semi-logarithmic scale the percentage reduc- 
tions in diffuse noxious inhibitory controls, calculated during the first 
30 s after the start of  the conditioning st imulus (ordinate) with 
respect to the dose (abscissa). The  relationship was linear in the 
0 . 3 - 3 / x g / k g  range (F(1,19) = 27.7; P < 0.01). 

4.1. Effects of a noxious conditioning stimulus on the 
C-fibre reflex response 

It was reported recently that, in normal anaes- 
thetised rats, electrical stimulation within the territory 
of the sural nerve elicited a C-fibre reflex which was 
inhibited by noxious conditioning stimuli (Falinower et 
al., 1994). When the conditioning stimulus was immer- 
sion of the hind paw or tail in a thermoregulated 
waterbath, these inhibitions were temperature-depen- 
dent. As discussed elsewhere (Falinower et al., 1994), 
such inhibitory processes are very reminiscent of dif- 
fuse noxious inhibitory controls, which modulate the 
activities of dorsal horn convergent neurons (for a 
review, see Le Bars et al., 1986, 1995). The principal 
feature of diffuse noxious inhibitory controls is that 
they can be triggered by conditioning stimuli applied to 
any part of the body distant from the excitatory recep- 
tive field of the neuron under study, provided that the 
stimuli are clearly noxious. With strong stimuli, the 
inhibitory effects are powerful and are followed by 
long-lasting after-effects which can persist for several 
rain. We chose immersion of the tail in a 50°C ther- 
moregulated waterbath as the conditioning stimulus in 
the present study, although preliminary studies had 
indicated that immersion of the contralateral hind paw 
elicited stronger inhibition. In the latter case, the inhi- 
bitions resulted from synergy between two inhibitory 
processes: 1 - diffuse noxious inhibitory controls, which 
involves supraspinal structures; 2 - propriospinal 
mechanisms which were revealed by the presence of 
such effects in spinal animals. In contrast, immersion 
of the tail triggers inhibitions which disappear com- 
pletely in spinal rats (Falinower et al., 1994). Since our 
purpose was to test buprenorphine on supraspinally 
mediated inhibitory mechanisms, we chose immersion 
of the tail as the conditioning stimulus. The immersion 
of the tail in a 50°C waterbath induced powerful in- 
hibitory effects followed by long-lasting post-stimulus 
effects that could persist for several rain. 

In order to limit pharmacological interactions as 
much as possible, we deliberately used halothane as 
single anaesthetic agent. Pilot studies indicated that 
1.2% end-tidal halothane was a good choice for study- 
ing diffuse noxious inhibitory controls under our exper- 
imental conditions. Lower concentrations (i.e. < 1.1%) 
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resulted in tonic electromyographic discharges when 
such a strong noxious conditioning stimulus was ap- 
plied. During the same period, other muscles (e.g. 
thoracic) also exhibited such electromyographic dis- 
charges, suggesting that there may have been a partial, 
weak awakening of the animal, albeit without move- 
ment. Morgan et al. (1994) reported recently that the 
application of a spatially remote noxious stimulus 
shortened the latency for a hindpaw withdrawal reflex 
movement. The low level of halothane (0.6-1.2%) used 
in that study could, at least partly, explain such a 
result. Pilot studies indicated that higher concentra- 
tions of halothane (i.e. > 1.4%) resulted in a depres- 
sive effect on the C-fibre reflex itself and a lack of 
inhibitions triggered by noxious conditioning stimuli. 
The latter effect was probably due to the blocking 
effects of halothane on both diffuse noxious inhibitory 
controls and the spinal transmission of nociceptive 
signals. Thus it appears that studies of diffuse noxious 
inhibitory controls acting on reflexes requires the use 
of a narrow range of halothane concentrations. Inter- 
estingly, the threshold of the C-fibre reflex studied 
with the present level of anaesthesia was higher than 
that for responses elicited at a lower concentration of 
halothane in 02  (Guirimand et al., 1994) or in an 
O 2 / N 2 0  mixture (Falinower et al., 1994). 

Kalliom~iki et al. (1992) reported recently that the 
withdrawal reflexes of various hindlimb muscles were 
controlled differentially by descending pathways acti- 
vated by distant noxious stimuli, suggesting that with- 
drawal reflexes of different hindlimb muscles are medi- 
ated by different spinal pathways. These authors re- 
ported that conditioning stimuli elicited inhibitory ef- 
fects on withdrawal reflexes in extensor digitorum bre- 
vis, extensor digitorum longus, the anterior tibialis and 
posterior biceps muscles. In contrast, withdrawal re- 
flexes in the interossei muscles were reported to be 
strongly potentiated. Earlier reports had described only 
depressive effects of remote conditioning stimuli on 
reflex responses: the reflex discharge in the common 
peroneal nerve following electrical stimulation of the 
sural nerve in the rat was inhibited by pinching the 
muzzle or tail (Schouenborg and Dickenson, 1985); the 
gastrocnemius medialis reflex evoked by sural nerve 
stimulation in the decerebrate rabbit was inhibited by 
electrical stimulation of the contralateral common per- 
oneal or either the ipsi- or contralateral median nerves 
(Taylor et al., 1991); the digastric reflex evoked by 
tooth-pulp stimulation in the cat was found to be 
inhibited by toe pinch, percutaneous electrical stimula- 
tion of a limb or electrical stimulation of the saphenous 
nerve (Cadden, 1985; Clarke and Matthews, 1985). Our 
results confirmed that the withdrawal reflex in biceps 
femoris can be depressed by noxious conditioning stim- 
uli. These inhibitions and diffuse noxious inhibitory 
controls acting on the convergent neurons of the dorsal 

horn suggest that at least some convergent neurons are 
likely to be intercalated in the withdrawal reflex path- 
ways (Schouenborg and Dickenson, 1985; Schouenborg 
and Sj61und, 1983; Kalliom~iki et al., 1992; Falinower et 
al., 1994). Concomitant recordings of dorsal horn neu- 
rons and reflex activities confirm parallels between 
their behaviours in various physiological and phar- 
macological situations, thus providing further evidence 
that dorsal horn convergent neurons are incorporated 
in the neuronal circuitry responsible for the reflexes. 

4.2. Buprenorphine blocks diffuse noxious inhibitory con- 
trols 

We have reported here that doses of 0.3-3 /zg/kg 
buprenorphine induced no change in the C-fibre reflex 
response evoked by a low stimulus intensity (1.5 x 
threshold). This intensity was chosen in the light of our 
previous finding that the C-fibre reflexes evoked by 
stimulus intensities higher than 2-4  x threshold were 
facilitated following 1 and 3 /zg/kg intravenous 
buprenorphine (Guirimand et al., 1995a). Naloxone 
was not injected following buprenorphine because it 
had been found that this drug never reversed the 
effects of buprenorphine on the C-fibre reflex re- 
sponses (Guirimand et al., 1995aGuirimand et al., 
1995b). This lack of naloxone reversibility has already 
been described for other experimental (Dickenson et 
al., 1990; Cowan et al., 1977) and clinical situations 
(Knape, 1986; Thorn et al., 1988). 

We reported previously that low doses of intrathecal 
or intracerebroventricular buprenorphine facilitated 
the C-fibre reflex, indicating that the antinociceptive 
properties of this drug cannot be related primarily to a 
direct or indirect spinal depressant effect (Guirimand 
et al., 1995b). Since intrathecal buprenorphine also 
enhanced the C-fibre-evoked responses of dorsal horn 
convergent neurons (Dickenson et al., 1990), it is clear 
that, at least at low doses, this drug does not have a 
spinal depressive effect. Note however that high in- 
trathecal or intracerebroventricular doses were able to 
depress the C-fibre reflex elicited by low stimulus in- 
tensities, possibly because the spinal effect requires a 
large occupancy of spinal opioid receptors (Guirimand 
et al., 1995b). In any case, these experimental data 
cannot explain the analgesic properties of buprenor- 
phine: in man, buprenorphine exhibited analgesic 
properties following intravenous doses in the 3-10 
/~g/kg range, which did not depress the C-fibre reflex 
in the rat, suggesting that mechanisms other than a 
direct spinal effect might induce analgesia (Guirimand 
et al., 1995b). By analogy with the proposed antinoci- 
ceptive mechanism of low doses of morphine, this 
mechanism could be related, at least partly, to block- 
ade of diffuse noxious inhibitory controls. 

We have suggested in some detail elsewhere that 
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diffuse noxious inhibitory controls may provide a 
physiological basis for a system for detecting nocicep- 
tive signals (Bouhassira et al., 1988; Le Bars et al., 
1986, 1995). In brief, a fundamental property of con- 
vergent neurons is that they respond to both noxious 
and non-noxious stimuli. The emergence of a nocicep- 
tive signal from a 'background spinal noise' requires 
two conditions: excitation of nociceptive neurons and 
reduction in the activity of all other neurons which are 
not directly concerned with the nociceptive input. This 
last condition results from activation of diffuse noxious 
inhibitory controls which involve a spino-bulbo-spinal 
loop. The supraspinal structures involved in diffuse 
noxious inhibitory controls include the subnucleus 
reticularis dorsalis (Bouhassira et al., 1992b), a struc- 
ture in the more caudal part of the brainstem which 
contains neurons that probably play a key role in the 
processing of specifically nociceptive information (Bing 
et al., 1990; Roy et al., 1992; Villanueva et al., 1988, 
1989). Note that other more rostral structures are not 
involved in diffuse noxious inhibitory controls: the peri- 
aqueductal grey, cuneiform nucleus, parabrachial area, 
locus coeruleus/subcoeruleus,  rostral ventromedial 
medulla including nucleus raphe magnus and the gi- 
gantocellular and paragigantocellular nuclei (Bouhas- 
sira et al., 1990, 1992a, 1993), 

The effects of morphine on diffuse noxious in- 
hibitory controls have been widely discussed: diffuse 
noxious inhibitory controls are blocked by morphine 
administered either in low systemic doses (Le Bars et 
al., 1981), intracerebrally within nucleus raphe dorsalis 
(Dickenson and Le Bars, 1987a, b) or intracerebroven- 
tricularly (Bouhassira et al., 1988). In all these studies, 
the dose of morphine which blocked diffuse noxious 
inhibitory controls was low, at least to the extent that it 
was less than the doses which depress the transmission 
of nociceptive signals at the spinal level. Thus mor- 
phine must have been exerting its effect at supraspinal 
sites. Abundant  electrophysiological data support the 
hypothesis that the lifting of diffuse noxious inhibitory 
controls following systemic morphine is due, at least in 
part, to binding of the drug within the periaqueductal 
grey; mostly because: (i) microinjection of morphine 
directly within the periaqueductal grey produces a sig- 
nificant depression of diffuse noxious inhibitory con- 
trois (Dickenson and Le Bars, 1987b), (ii) the depres- 
sive effect of systemic morphine on diffuse noxious 
inhibitory controls is blocked in periaqueductal grey-le- 
sioned animals (Bouhassira et al., 1992a). Our results 
suggest that buprenorphine could exhibit a similar 
supraspinal mechanism; indeed since a higher dose of 
buprenorphine is required (30-100 ~g) for the intra- 
venous or intrathecal routes in order  to produce a 
direct spinal depressive effect (Guirimand et al., 1995a, 
b), the effect of a dose as low as 3 / x g / k g  of buprenor- 
phine is also likely to be mediated via supraspinal sites. 

In view of the decrease in diffuse noxious inhibitory 
controls induced by low doses of systemic buprenor- 
phine, what could be the mechanism for buprenor- 
phine analgesia? This topic has been discussed in de- 
tail elsewhere for morphine (for a review, see Le Bars 
et al., 1986, 1995) and only a brief summary will be 
given here. As mentioned previously, it has been pro- 
posed that one of the physiological roles of diffuse 
noxious inhibitory controls is to facilitate the extraction 
of nociceptive information by increasing the signal-to- 
noise ratio between the pool of neurons activated by a 
noxious stimulus and the remaining population of neu- 
rons. Buprenorphine, like morphine, at a systemic dose 
low enough not to depress the excitatory signals from 
the spinal relay, can restore the background noise by 
decreasing diffuse noxious inhibitory controls and thus 
reducing the contrast between nociceptive and non- 
nociceptive signals. In other words, the effects of 
buprenorphine or morphine could result in jamming of 
the detection system for nociceptive information. 

In conclusion, blockade of diffuse noxious inhibitory 
controls may contribute to the analgesic properties of 
buprenorphine.  The antinociceptive mechanism of 
buprenorphine does not result from spinal blockade of 
nociceptive pathways, as does that of high doses of 
morphine, but rather from jamming of the detection 
system for nociceptive information, as with low doses 
of morphine. One can speculate that the lower potency 
of buprenorphine to alleviate clinical pain results from 
such an absence of synergy between spinal and 
supraspinal mechanisms of action. 

Acknowledgements 

The authors thhnk Dr S.W. Cadden for advice on 
the preparation of the manuscript. Frdddric Guirimand 
was supported by the 'Direction de la recherche clin- 
ique de l'Assistance Publique des H6pitaux de Paris' 
and the 'Centre National de la Recherche Scientifique 
(C.N.R.S.)'. This work was supported by the 'Institut 
National de la Santd et de la Recherche Mddicale' 
( INSERM clinical research network) and the Associa- 
tion pour la Recherche sur le Cancer (A.R.C.). 

References 

Beitel, R.E. and R. Dubner, 1976, Response of unmyelinated (C) 
polymodal nociceptors to thermal stimuli applied to monkey's 
face, J. Neurophysiol. 39, 1160. 

Bennett, G.J. and D.J. Mayer, 1979, Inhibition of spinal cord in- 
terneurons by narcotic microinjection and focal electrical stimula- 
tion in the periaqueductal central gray matter, Brain Res. 172, 
243. 

Bing, Z., L. Villanueva and D. Le Bars, 1990, Ascending pathways in 
the spinal cord involved in the activation of subnucleus reticularis 



658 F. Guirimand et al. / European Journal of Pharmacology 294 (1995) 651-659 

dorsalis neurons in the medulla of the rat, J. Neurophysiol. 63, 
424. 

Boas, R.A. and J.W. Villiger, 1985, Clinical actions of fentanyl and 
bnprenorphine, Br. J. Anaesth. 57, 192. 

Bouhassira, D., L. Villanueva and D. Le Bars, 1988, Intracere- 
broventricular morphine decreases descending inhibitions acting 
on lumbar dorsal horn neuronal activities related to pain in the 
rat, J. Pharmacol. Exp. Ther. 247, 332. 

Bouhassira, D., Z. Bing and D. Le Bars, 1990, Studies of the brain 
structures involved in diffuse noxious inhibitory controls, the 
mesencephalon, J. Neurophysiol. 64, 1712. 

Bouhassira, D., L. ViUanueva and D. Le Bars., 1992a, Effects of 
systemic morphine on diffuse noxious inhibitory controls - role of 
the periaqueductal grey, Eur. J. Pharmacol. 216, 149. 

Bouhassira, D., L. Villanueva, Z. Bing and D. Le Bars, 1992b, 
Involvement of the subnucleus-reticularis-dorsalis in diffuse nox- 
ious inhibitory controls in the rat, Brain Res. 595,353. 

Bouhassira, D., D. Chitour, L. Villanueva and D. Le Bars, 1993, 
Morphine and diffuse noxious inhibitory controls in the rat - 
effects of lesions of the rostral ventromedial medulla, Eur. J. 
Pharmacol. 232, 207. 

Cadden, S.W., 1985, The digastric reflex evoked by tooth-pulp stimu- 
lation in the cat and its modulation by stimuli applied to the 
limbs, Brain Res. 336, 33. 

Clarke, R.W. and B. Matthews, 1985, The effects of anaesthetics and 
remote noxious stimuli on the jaw-opening reflex evoked by 
tooth-pulp stimulation in the cat, Brain Res. 327, 105. 

Cowan, A., J.W. Lewis and I.E. McFarlane, 1977, Agonist and 
antagonist properties of buprenorphine, a new antinociceptive 
agent, Br. J. Pharmacol. 60, 537. 

Dickenson, A.H. and D. Le Bars, 1987a, Supraspinal morphine and 
descending inhibitions acting on the dorsal horn of the rat, J. 
Physiol. (London) 384, 81. 

Dickenson, A.H. and D. Le Bars, 1987b, Lack of evidence for 
increased descending inhibition on the dorsal horn of the rat 
following periaqueductal grey morphine microinjections, Br. J. 
Pharmacol. 92, 271. 

Dickenson, A.H., A.F. Sullivan and H.J. McQuay, 1990, Intrathecal 
etorphine, fentanyl and buprenorphine on spinal nociceptive neu- 
rones in the rat, Pain 42, 227. 

Du, H.J., L.M. Kitahata, J.G. Thalhammer and M. Zimmermann, 
1984, Inhibition of nociceptive neuronal responses in the cat's 
spinal dorsal horn by electrical stimulation and morphine micro- 
injection in nucleus raphe magnus, Pain 19, 249. 

Duggan, A.W. and R.A. North, 1984, Electrophysiology of opioids, 
Pharmacol Rev. 35, 219. 

Dum, J.E. and A. Herz, 1981, In vivo receptor binding of the opiate 
partial agonist, buprenorphine, correlated with its agonistic and 
antagonistic actions, Br. J. Pharmacol. 74, 627. 

Ellis, R., D. Haines, R. Shah, B.R. Cotton and G. Smith, 1982, Pain 
relief after abdominal surgery - a comparison of i.m. morphine, 
sublingual buprenorphine and self-administered pethidine, Br. J. 
Anaesth. 54, 421. 

Falinower, S., J.C. Wilier, J.L. Junien and D. Le Bars, 1994, A 
C-fiber reflex modulated by heterotopic noxious somatic stimuli 
in the rat, J. Neurosci. 72, 194. 

Gebhart, G.F., J. Sandkuhler, J.G. Thalhammer and M. Zimmer- 
mann, 1984, Inhibition in spinal cord of nociceptive information 
by electrical stimulation and morphine rrficroinjection at identical 
sites in midbrain of the cat, J. Neurophysiol. 51, 75. 

Guirimand, F., M. Strimbu-Gozariu, J.C. Willer and D. Le Bars, 
1994, Effects of mu, delta and kappa antagonists on the depres- 
sion of a C-fiber reflex by intrathecal morphine and DAGO in 
the rat, J. Pharmacol. Exp, Ther. 269, 1007. 

Guirimand, F., M. Chauvin, J.C. Wilier and D. Le Bars, 1995a, 
Effects of intravenous morphine and buprenorphine on a C-fibre 
reflex in the rat, J. Pharmacol. Exp. Ther. 273, 830. 

Guirimand, F., M. Chauvin, J.C. Wilier and D. Le Bars, 1995b, 
Effects of intrathecal and intracerebroventricular buprenorphine 
on a C-fibre reflex in the rat, J. Pharmacol. Exp. Ther. in press. 

Harcus, A.H., A.E. Ward and D.W. Smith, 1980, Buprenorphine in 
postoperative pain: results in 7500 patients, Anaesthesia 35, 382. 

Jurna, I. and G. Zetler, 1985, Effects on ascending nociceptive 
activity in the rat spinal cord produced by cholecystokinin oc- 
tapeptide, ceruletide, and morphine injected into the periaque- 
ductal gray matter, Ann. N.Y. Acad. Sci. 448, 609. 

Kalliom~iki, J., J. Schouenborg and A.H. Dickenson, 1992, Differen- 
tial effects of a distant noxious stimulus on hindlimb nociceptive 
withdrawal reflexes in the rat, Eur. J. Neurosci. 4, 648. 

Knape, J.T., 1986, Early respiratory depression resistant to naloxone 
following epidural buprenorphine, Anesthesiology 64, 382. 

Lamotte, R.H., J.G. Thalhammer, H.E Torebjork and C.J. Robinson, 
1982, Peripheral neural mechanisms of cutaneous hyperalgesia 
following mild injury by heat, J. Neurosci. 2, 765. 

Le Bars, D., A.H. Dickenson and J.M. Besson, 1980, Microinjection 
of morphine within nucleus raphe magnus and dorsal horn neu- 
ron activities related to nociception in the rat, Brain Res. 189, 
467. 

Le Bars, D., D. Chitour, E. Kraus, A.M. Clot, A.H. Dickenson and 
J.M. Besson, 1981, The effect of systemic morphine upon diffuse 
noxious inhibitory controls (DNIC) in the rat: evidence for a 
lifting of certain descending inhibitory controls of dorsal horn 
convergent neurones, Brain Res. 215, 257. 

Le Bars, D., A.H. Dickenson, J.M. Besson and L. Villanueva, 1986, 
Aspects of sensory processing through convergent neurons, in: 
Spinal Afferent Processing, ed. T.L. Yaksh (Plenum Publishing 
Corporation, New York) p. 467. 

Le Bars, D., J.C. Willer and T. De Broucker, 1992, Morphine blocks 
descending pain inhibitory controls in humans, Pain 48, 13. 

Le Bars, D., D. Bouhassira and L. Villanueva, 1995, Opioids and 
diffuse noxious inhibitory controls (DNIC) in the rat, in: Pain and 
the Brain: from Nociception to Cognition, eds. B. Bromm and J. 
Desmedt, Advances in Pain Research and Therapy, Vol. 22 
(Raven Press, New York) p. 517. 

Llewelyn, M.B., J. Azami and M.H.T. Roberts, 1987, Brainstem 
mechanisms of antinociception: effects of electrical stimulation 
and microinjection of morphine into nucleus raphe magnus, Neu- 
ropharmacology 25, 727. 

Morgan, M.M., M.M. Heinricher and H.L. Fields, 1994, Inhibition 
and facilitation of different nocifensor reflexes by spatially re- 
mote noxious stimuli, J. Neurophysiol. 72, 1152. 

Roy, J.C., Z. Bing, L. Villanueva and D. Le Bars, 1992, Convergence 
of visceral and somatic inputs onto subnucleus reticularis-dorsalis 
neurones in the rat medulla, J. Physiol. (London) 458, 235. 

Schouenborg, J. and A. Dickenson, 1985, Effects of a distant noxious 
stimulation on A and C fibre-evoked flexion reflexes and neu- 
ronal activity in the dorsal horn of the rat, Brain Res. 328, 23. 

Schouenborg, J. and B.H. Sj61und, 1983, Activity evoked by A- and 
C-afferent fibers in rat dorsal horn neurons and its relation to a 
flexion reflex, J. Neurophysiol. 50, 1108. 

Sinclair, J.G., 1986, The failure of morphine to attenuate spinal cord 
nociceptive transmission through supraspinal actions in the cat, 
Gen. Pharmacol. 17, 351. 

Strimbu-Gozariu, M., F. Guirimand, J.C. Willer and D. Le Bars, 
1993, A sensitive test for studying the effects of opioids on a 
C-fiber reflex elicited by a wide range of stimulus intensities in 
the rat, Eur. J. Pharmacol. 237, 197. 

Taylor, J.S., R.I. Neal, J. Harris, T.W. Ford and R.W. Clarke, 1991, 
Prolonged inhibition of a spinal reflex after intense stimulation of 
distant peripheral nerves in the decerebrated rabbit, J. Physiol. 
(London) 437, 71. 

Thorn, S.E., N. Rawal and M. Wenhager, 1988, Prolonged respira- 
tory depression caused by sublingual buprenorphine, Lancet 1, 
179. 



E Guirimand et al./European Journal of  Pharmacology 294 (1995) 651-659 659 

Villanueva, L., D. Bouhassira, Z. Bing and D. Le Bars, 1988, Conver- 
gence of heterotopic nociceptive information onto subnucleus 
reticularis dorsalis neurons in the rat medulla, J. Neurophysiol. 
60, 980. 

Villanueva, L., Z. Bing, D. Bouhassira and D. Le Bars, 1989, Encod- 
ing of electrical, thermal, and mechanical noxious stimuli by 
subnucleus reticularis dorsalis neurons in the rat medulla, J. 
Neurophysiol. 61,391. 

Yaksh, T.L. and A.B. Matmberg, 1994, Central pharmacology of 
nociceptive transmission, in: Textbook of Pain, eds. P.D. Wall 
and R. Melzack (Churchill Livingstone, Edinburgh) p. 165. 

Yaksh, T.L. and R. Noueihed, 1985, The physiology and pharmacol- 
ogy of spinal opiates, Annu. Rev. Pharmacol. Toxicol. 25, 433. 


