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Studies in mice and rats have shown that antinociception 
produced by intrathecal (i.t.) administration of opioids can 
be partially inhibited by intracerebroventricular (i.c.v.) ad- 
ministration of naloxone. In this study we tested the hy- 
pothesis that this inhibition by i.c.v. naloxone results from 
antagonism of supraspinal endogenous opioid-mediated 
antinociception produced by the action of i.t. opioids on an 
ascending antinociceptive pathway. In rats lightly anesthe- 
tized with urethane/alpha-chloralose, i.t. DAMGO, i.t. 
lidocaine, or spinal transection at T,-T, all attenuated the 
trigeminal jaw opening reflex (JOR) (i.e., were antinocicep- 
tive), an effect that was antagonized in each case by i.c.v. 
naloxone. These findings support the suggestion that there 
exists a pathway that ascends from the spinal cord to a 
supraspinal site that tonically inhibits antinociception me- 
diated by supraspinal opioids. When activity in this as- 
cending pathway is suppressed (e.g., by i.t. opioids or local 
anesthetics or by spinal cord transection), antinociception 
mediated by supraspinal opioids is disinhibited. 

To determine the supraspinal site(s) at which endoge- 
nous opioid-dependent antinociception is evoked by i.t. 
opioids, we microinjected naloxone methiodide into sev- 
eral supraspinal sites. Microinjection of naloxone methiod- 
ide into nucleus accumbens but not into the rostra1 ventral 
medulla (RVM) or the periaqueductal gray matter (PAG) an- 
tagonized the suppression of the JOR produced by i.t. 
DAMGO or lidocaine. The possibility that this ascending 
pathway may represent a source of spinal input to meso- 
limbic circuitry involved in setting the state of sensorimo- 
tor reactivity to noxious stimuli is discussed. 

[Key words: antinociception, ascending pathway, DAM- 
GO, intrathecal, lidocaine, nucleus accumbens, opioids, 
periaqueductal gray, rostra/ ventral medulla, spinal, su- 
praspinal] 

A large body of research has implicated endogenous opioids in 
the modulation of pain at three principal CNS sites, the periaque- 
ductal gray (PAG), the rostra1 ventral medulla (RVM), and the 
dorsal horn of the spinal cord. Since electrical stimulation or 
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microinjection of morphine into more rostra1 sites (i.e., the PAG 
or RVM) increases the thresholds of spinal nociceptive reflexes, 
it has been suggested that this circuit functions as a descending 
antinociceptive control (Basbaum and Fields, 1978; Basbaum 
and Fields, 1984; Fields and Basbaum, 1994). Recent studies, 
however, provide evidence that there is also an ascending (i.e., 
a spino-supraspinal) antinociceptive pathway through which spi- 
nal opioids evoke antinociception mediated by endogenous 
opioids at a supraspinal site(s) (Fig. IA). For example, exoge- 
nous (Holmes and Fujimoto, 1992; Miaskowski and Levine, 
1992) or endogenous (Welch et al., 1992; but see Lux et al., 
1988) spinal opioids produce antinociception that can be par- 
tially antagonized by intracerebroventricular (i.c.v.) naloxone. 
However, these observations can be explained by alternative in- 
terpretations. For example, it has been proposed that i.c.v. nal- 
oxone “activates” a descending antianalgesia system that antag- 
onizes the antinociceptive action of i.t. opioids at the level of 
the spinal cord (Holmes and Fujimoto, 1992) (Fig. 1B). There- 
fore, to determine if spinally administered opioids can act via 
an ascending spino-supraspinal circuit to produce analgesia, we 
devised an experimental model that separates the site of reflex 
measurement from the spinal site of opioid administration. In 
the lightly anesthetized rat, we measured the effect of intrathe- 
tally administered [D-Ala2, N-Me-Phe4,Gly5-ol]-enkephalin 
(DAMGO) on the amplitude of the jaw opening reflex (JOR) 
with or without naloxone administered into the third cerebral 
ventricle (i.c.v. naloxone). To further characterize the ascending 
pathway (i.e., whether it must be activated in order to evoke 
antinociception mediated by supraspinal opioids, or if its activity 
must be suppressed in order to disinhibit supraspinal opioid- 
mediated antinociception), the effects on the JOR of i.t. lidocaine 
or spinal transection with or without i.c.v. naloxone were com- 
pared. Finally, to determine the supraspinal site at which nal- 
oxone acts to antagonize antinociception produced by i.t. DAM- 
GO, we studied the effect of naloxone methiodide microinjected 
into several supraspinal sites on the ability of i.t. DAMGO to 
attenuate the JOR. 

Some of the results of this study have been previously re- 
ported in abstract form (Gear and Levine, 1994). 

Materials and Methods 

The experiments were performed on 250450 gm male Sprague-Daw- 
ley rats (Bantin and Kingman, Fremont, CA) that were lightly anesthe- 
tized by intraperitoneal injection of 0.9 gm/kg urethane and 45 mg/kg 
a-chloralose (both from Sigma, St. Louis, MO), and 10 mg/kg methoh- 
exital (Brevital) for rapid induction of anesthesia. We chose urethane/ 
a-chloralose for anesthesia because in preliminary experiments this an- 
esthetic, unlike a single dose of pentobarbital or continuous infusion of 
methohexital, provided a stable JOR EMG (see below) over the time 
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period (at least 3 hr) required to complete the experiments (data not 
shown). The animals were sacrificed by overdose of pentobarbital unless 
it was necessary to section their brains for histological purposes, in 
which case we sacrificed the animals by intracardiac perfusion of 4% 
formalin after ensuring that they were in a deep state of anesthesia with 
pentobarbital. 

Cannulation. To administer drugs to the area of the lumbar enlarge- 
ment of the spinal cord, an i.t. catheter (PE-10, 10 pl volume) was 
inserted 8.5 cm caudally into the subarachnoid space through a slit in 
the atlanto-occipital membrane (Yaksh and Rudy, 1976). It was not 
possible to determine by pharmacological/behavioral methods whether 
the catheters were correctly placed or whether any of the catheter place- 
ments would have resulted in motor deficits because the animals do not 
recover from urethane/o-chloralose anesthesia. However, in many ex- 
periments we checked catheter placement by injecting Evans blue dye 
and performing a postmortem laminectomy to determine the location 
of the dye and the tip of the catheter. In all cases we observed that the 
position of the catheter varied only in its dorsoventral relationship to 
the cord. That is, the tip of the catheter was sometimes positioned more 
dorsally to the cord and sometimes it was positioned more ventrally, 
but the catheter never turned back on itself or perforated the dura. Also, 
while animals free of motor deficits would have been essential if we 
were measuring lumbar spinal reflexes which depend upon intact motor 
circuitry in the spinal cord (e.g., paw-withdrawal or tail-flick), in this 
study we employed the supraspinally mediated JOR. 

To administer drugs to the third cerebral ventricle, an i.c.v. guide 
cannula (22 gauge) was positioned to allow drug delivery via insertion 
of a 30 gauge injection cannula. At the conclusion of the experiments 
i.c.v. sites were verified by injection of Evans blue dye, equal in volume 
to the drug injection, after which the brains were removed, sectioned 
and examined for dye location. In some experiments 25 gauge guide 
cannulae were positioned to allow microinjections via insertion of a 33 
gauge injection cannula into specific supraspinal sites. These injection 
sites were verified by histological examination (70 pm sections stained 
with cresyl violet acetate) (see Figs. 8, 9). 

Spinal transection. In experiments in which the spinal cord was tran- 
sected, a laminectomy was performed after implantation of the i.c.v. 
cannula and the stimulating and recording electrodes for the JOR. The 
spinal cord was exposed, but not sectioned, by the removal of the dorsal 
portions of the T, and T, vertebrae. Spinal transection was performed 
after baseline JOR recordings and administration of i.c.v. naloxone (or 
vehicle) as described in “Results.” These animals did not receive an 
i.t. catheter. 

Jaw opening rejex. A bipolar stimulating electrode, fabricated from 
- two insulated single-stranded copper wires (36 AWG), each with 0.2 

mm of insulation removed from the tip, one tip extending 2 mm beyond 
the other, was inserted into the pulp of a mandibular incisor to a depth 
of 20 mm from the incisal edge of the tooth to the tip of the longest 
wire (Toda et al., 1981). Access to the pulp of the incisor was through 
an opening in the labial surface of the tooth starting 2 mm below the 
gingival crest and extending 4 mm toward the incisal edge. Dental com- 
posite resin held the electrode in place and sealed the opening in the 
tooth. A bipolar recording electrode, consisting of two wires of the same 
material as the stimulating electrode with 4 mm of insulation removed, 
was inserted into the digastric muscle ipsilateral to the implanted tooth 

t 

Figure 1. A, Schematic illustration of the proposed ascending antin- 
ociceptive pathway. The asterisk indicates the tonically active ascending 
limb of the pathway that inhibits supraspinal opioidergic neurons (there- 
by enhancing nociceptive behavior) in nucleus accumbens. Suppression 
of activity in this ascending pathway by lumbar (i.t.) opioids or lido- 
Caine, or thoracic spinal transection results in supraspinal opioid disin- 
hibition which modulates spinal and trigeminal nociceptive reflexes as 
indicated by the solid triangles. Note that spinal analgesic agents 
(opioids or lidocaine), applied to the lumbar cord, act through two 
mechanisms by (1) directly on the local synapses mediating the tail- 
flick reflex (TFR), and (2) suppressing the tonically active ascending 
pathway. Since the JOR is mediated by neuronal circuits located at a 
site distant from the lumbar cord, drugs applied to the lumbar cord can 
modulate the JOR only via an ascending pathway. Spinal transection at 

the thoracic cord also modulates nociception via the ascending pathway; 
however, this can only be observed in the JOR (or other supraspinally 
mediated nociceptive reflexes) since reflexes mediated at the lumbar 
cord are disconnected from supraspinal influence. B, Schematic illus- 
tration of a descending antianalgesia circuit (Holmes and Fujimoto, 
1992). In this model opioids or lidocaine applied to the lumbar cord 
would only affect lumbar spinal reflexes (e.g., the TFR) by local action. 
The JOR is not affected since this model does not propose an ascending 
pathway. When i.c.v. naloxone is administered, anti-analgesic circuits 
are activated in the spinal cord (open triangles), but since i.c.v. nalox- 
one alone has no effect on nociceptive thresholds, these substances act 
only to antagonize the action of endogenous or exogenous spinal 
opioids. Since the opioids in our experiments are administered to the 
lumbar region of the spinal cord, the antianalgesic substances have no 
effect on the trigeminal JOR. Also, these antianalgesic substances are 
not proposed to antagonize the antinociceptive action of lidocaine. Spi- 
nal transection has no effect on the JOR in this model. 
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Figure 2. Examples of JOR EMG recordings. Tracings represent the 
average EMG in response to 12 tooth pulp stimuli. The JOR EMG 
response occurs with a latency of approximately 7-9 msec after tooth 
pulp stimulation shown as the downward stimulus artifact at the begin- 
ning of the sweep in A. The peak-to-peak distance (in mV) of the EMG 
signal was taken to be the magnitude of the EMG. A, A typical baseline 
EMG recording. Amplitude, 5.57 mV. B, Average EMG response 15 
min after the administration of i.t. DAMGO (7.5 pg). Amplitude, 2.91 
mV. In this example the percent decrease (i.e., “JOR suppression”) is 
48%. Formula: [(A - B)/A] X 100. Baseline values used in calculating 
the results of the experiments were based on three pretreatment record- 
ings (12 stimuli each) taken 5 min apart. 

sufficiently deep to completely submerge the uninsulated end of the 
wire. A 22 gauge needle was inserted in the skin ventral to the midline 
of the mandible and connected to the ground terminal of the amplifier. 
Tooth pulp was stimulated with 0.2 msec square wave pulses at 0.33 
Hz. Stimulation voltage was set at three times the threshold voltage for 
evoking the JOR EMG. Twelve consecutive evoked EMG signals were 
averaged per recording (Fig. 2). 

Antinociception was measured as the percentage decrease (mean ? 
SEM) from the average amplitude of three baseline re’cordings taken at 
five minute intervals. ANOVA and either the Student-Neuman-Keuls 
(SNK) test or the Fisher’s test (Fisher, 1949), as appropriate, were used 
to compare groups for significant differences (p 5 0.05). 

Drugs. Lidocaine (4% xylocaine, Astra Pharmaceutical Products, 
Westborough, MA) without epinephrine was used as supplied by the 
manufacturer. [D-Ala*, N-Me-Phe4,GlyS-ol]-enkephalin (DAMGO) and 
naloxone (Sigma, St. Louis, MO), and naloxone methiodide (Research 
Biochemicals International, Natick, MA), a quaternary derivative of nal- 
oxone, which has been shown to spread from the site of iniection more 
slowly than naloxone (Schroeder et al., 1991), were dissoked in phys- 
iological saline (0.9%), or artificial CSF (Leviel et al., 1989). To retard 
rostra1 flow of the i.t. drug or vehicle, all animals were placed in a 
prone position on an inclineh surface (approximately 30”) with the head 
higher than the tail. 1.t. drug or vehicle volumes were 15 ~1 followed 
by 10 ~1 of vehicle (equal to the volume of the i.t. catheter). I.c.v. 
injection volumes were 1 ~1. Microinjections into specific supraspinal 
sites were carried out over a period of 90 set, and the injection cannulae 
were left in place an additional 30 set after injection. 

Results 
Intrathecal DAMGO 

To determine if i.t. opioids modulate nociception via an ascend- 
ing pathway, the effect of i.t. DAMGO (75 ng to 7.5 mg) on 
the JOR, a reflex which should not be affected directly by i.t. 
drugs, was determined. Figure 2 illustrates an example of the 
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Figure 3. The effect of i.t. DAMGO, i.t. lidocaine (lido), or i.t. vehicle 
(veh) with or without i.c.v. naloxone (nix) on the amplitude of the JOR. 
The legend beneath the graph indicates the i.t. treatment, the i.c.v. treat- 
ment, and the number of animals in each experimental group. DAMGO 
(i.t.) dose dependently attenuated the JOR. Lt. lidocaine also showed 
significant suppression of the JOR. The groups receiving lidocaine or 
the highest dose of DAMGO (without naloxone) were not significantly 
different from each other 0, > 0.05) but were significantly different 
from the groups receiving i.t. vehic1eli.c.v. vehicle, i.t. vehicle/i.c.v. nal- 
oxone, or i.t. DAMG0li.c.v. naloxone (p < 0.05); these last three group 
were not significantly different from each other (p > 0.05). In this and 
subsequent figures error bars indicate SEM. 

JOR EMG waveform before (Fig. 2A) and 15 min after (Fig. 
2B) the administration of it. DAMGO (7.5 kg). DAMGO pro- 
duced a dose-dependent suppression of the JOR (Fig. 3). 1.t. 
vehicle had no significant effect on the JOR. 

To control for systemic absorption of i.t. DAMGO, the highest 
dose of DAMGO (7.5 pg) was also administered intravenously 
in a different group of animals (n = 4). Fifteen minutes after 
receiving this treatment the JOR amplitude recorded from this 
group was not significantly different from baseline (-3 + lo%, 
mean * SEM, p > 0.05). 

To determine if attenuation of the JOR by i.t. DAMGO is 
dependent on supraspinal opioids, i.c.v. naloxone (2 kg) was 
administered 1 min before i.t. DAMGO (7.5 pg), and the JOR 
was recorded 15 min later. In the presence of naloxone (i.c.v.), 
DAMGO (i-t.) failed to significantly suppress the JOR (p < 
0.05). To determine if i.c.v. naloxone might exert an independent 
(i.e., hyperalgesic) effect, naloxone was administered i.c.v. with 
i.t. vehicle. This treatment did not significantly affect JOR am- 
plitude (Fig. 3) (p > 0.05). 

Intrathecal lidocaine 
Opioid-mediated antinociception at the supraspinal site could be 
produced either by an excitatory action or by disinhibition. If 
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Figure 4. The effect of spinal transection on the JOR with or without 
i.c.v. naloxone. Spinal transection (transect) in the presence of i.c.v. 
vehicle (veh) (circles, n = 4) suppressed the JOR, but spinal transection 
in the presence of i.c.v. naloxone (nix) (squares, n = 4) remained near 
baseline levels, a significant difference (p < 0.05). 

disinhibition is the mechanism, the ascending pathway must be 
tonically active and the suppression of this tonic activity by a 
spinally administered local anesthetic should mimic the ability 
of it. DAMGO to suppress the JOR. Therefore, lidocaine (0.6 
mg) was administered i.t. Fifteen minutes after i.t. administra- 
tion, lidocaine suppressed the mean JOR amplitude 52% below 
baseline (Fig. 3). Suppression of the JOR by it. lidocaine or it. 
DAMGO was not significantly different 0, > 0.05). These re- 
sults suggest that the ascending pathway is tonically active and 
must be suppressed in order to attenuate the JOR. 

Since lidocaine might enter the general circulation following 
Lt. administration and act at a site other than the lumbar spinal 
cord, the same dose of lidocaine was administered subcutane- 
ously at the nape of the neck in a separate group of animals (n 
= 6). Fifteen minutes after receiving this treatment the JOR 
amplitude recorded from this group was not significantly differ- 
ent from baseline (+4.2 + 6.94%, mean 2 SEM, p > 0.05). 

To determine if attenuation of the JOR by Lt. lidocaine is 
mediated by a supraspinal opioidergic mechanism similar to that 
mediating the action of i.t. DAMGO, i.c.v. naloxone (2 Fg) was 
administered 1 min before it. lidocaine (0.6 mg) and the JOR 
was recorded 15 min later. Naloxone completely blocked the 
ability of lidocaine to attenuate the JOR 0, < 0.05) (Fig. 3), 
strongly suggesting that i.t. lidocaine, similar to i.t. DAMGO, 
attenuates the JOR by a supraspinal opioidergic mechanism. 

Spinal transection 

If the ascending antinociceptive system is tonically active, as 
suggested by the effects of i.t. lidocaine, other methods of sup- 
pression of activity in ascending pathways should also produce 
antinociception/inhibition of the JOR that is antagonized by i.c.v. 
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Figure 5. The effect of naloxone methiodide injected i.c.v. or microin- 
jetted in RVM or PAG. All groups received Lt. DAMGO. Only the 
group receiving i.c.v. naloxone methiodide (circles, IZ = 6) failed to 
show attenuation of the JOR. The groups receiving naloxone methiodide 
microiniected into either RVM (1 IJX in 0.5 ml/side. sauares. n = 6: 

~ , -  ,L 

sites plotted in Fig. 7B) or PAG (2 pg in 0.5 ~1, triangles, n = 6; sites 
plotted in Fig. 7A) were significantly different from the group receiving 
i.c.v. naloxone methiodide (p < 0.05), but were not significantly dif- 
ferent from each other 0, > 0.05). 

naloxone. Therefore, we next performed spinal transection at the 
T,-T, level. To determine if a supraspinal opioidergic mechanism 
is involved, spinal transection was performed in the presence of 
either naloxone or vehicle administered i.c.v. The following pro- 
tocol was performed: (1) JOR baseline measurements were re- 
corded in acutely laminectomized animals, (2) i.c.v. naloxone (2 
pg) or vehicle was administered, (3) 5 min later the spinal cord 
was transected, (4) JOR was measured at 15 min intervals for 1 
hr. (Although acute spinal transection can lead to hyperrespon- 
siveness of spinal reflexes, in our experiments the JOR did not 
demonstrate hyperresponsiveness.) The group receiving i.c.v. ve- 
hicle showed significant JOR attenuation compared to the group 
receiving i.c.v. naloxone (Fig. 4) (p < 0.05). I.c.v. naloxone 
almost completely blocked the ability of spinalization to atten- 
uate the JOR suggesting that this attenuation is mediated by a 
supraspinal opioidergic mechanism similar to that mediating the 
effects of intrathecally administered lidocaine or DAMGO. 

Supraspinal sites 

To locate the supraspinal site at which endogenous opioids con- 
tribute to the ascending antinociception produced by it. DAM- 
GO, we first evaluated the effect of the injection of naloxone 
methiodide into the PAG and the RVM, two supraspinal sites 
that contribute to opioid analgesia in descending antinociceptive 
systems. Ventrolateral PAG sites were chosen because of pre- 
vious reports implicating these sites in morphine antinociception 
(Yeung et al., 1977; Yaksh et al., 1988) (sites plotted in Fig. 8). 
Naloxone methiodide is a quaternary derivative of naloxone 
chosen because it spreads more slowly than naloxone (Schroeder 
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Figure 6. The effect of i.t. DAMGO on the JOR with or without 
naloxone methiodide microinjected into specific rostra1 sites. Naloxone 
methiodide (1 pg in 0.2 )*l CSF/side, circles, n = 6; sites plotted in 
Fig. SA), but not vehicle (0.2 p,l CSF/side, squares, n = 6; sites plotted 
in Fig. 8C), microinjected into nucleus accumbens five minutes before 
Lt. DAMGO prevented suppression of the JOR. Naloxone methiodide 
(1 kg in 0.2 p,l CSF/side, upward triangles, n = 5; sites plotted in Fig. 
80) administered alone to nucleus accumbens had no effect on the JOR. 
Off-site injections of naloxone methiodide (1 kg in 0.2 ~1 CSF/side, 
downward triangles, n = 5; sites plotted in Fig. 8B) failed to prevent 
suppression of the JOR by i.t. DAMGO. 

et al., 1991). 1.t. DAMGO significantly attenuated the JOR in 
the groups of rats receiving naloxone methiodide microinjected 
into RVM or PAG as compared to the group receiving i.c.v. 
naloxone methiodide (Fig. 5). Thus, the opioidergic mechanisms 
in RVM or PAG do not appear to be required in order to observe 
the antinociceptive effect of i.t. DAMGO. Since opioids mi- 
croinjected into a number of supraspinal sites have been shown 
to be antinociceptive (Yaksh et al., 1976), we tested the ability 
of bilateral microinjections of naloxone methiodide into several 
of these sites to antagonize DAMGO (i.t.) suppression of the 
JOR. Microinjection of naloxone methiodide, but not vehicle, 
into nucleus accumbens not only blocked suppression of the 
JOR by i.t. administration of DAMGO (7.5 pg), but showed 
significant overshoot suggesting a hyperalgesic state (p < 0.05) 
(Fig. 6). The specificity of the nucleus accumbens as a site at 
which opioid-dependent antinociception is evoked by i.t. DAM- 
GO was further confirmed by the observation that microinjection 
of naloxone methiodide into sites surrounding nucleus accum- 
bens failed to antagonize suppression of the JOR by i.t. DAM- 
GO (see Figs. 6, 9). The groups receiving i.t. DAMGO and 
either “off-site” injection of naloxone or “on-site” injection of 
CSF were not significantly different from each other 0, > 0.05), 
but were significantly different from either of the groups receiv- 
ing “on-site” injection of naloxone (p < 0.05). Finally, prelim- 
inary findings indicate that naloxone methiodide had no effect 
when microinjected bilaterally into the habenula, or amygdala 
(data not shown). 

To confirm that nucleus accumbens is also the site of the 
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Figure 7. The effect of i.t. lidocaine on the JOR with naloxone meth- 
iodide microinjected into specific basal forebrain sites. Naloxone meth- 
iodide (1 )*g in 0.2 ~1 CSFkide, circles, n = 6; sites plotted in Fig. 
9A) microinjected into nucleus accumbens five minutes before i.t. li- 
docaine prevented suppression of the JOR. Off-site injections of nal- 
oxone methiodide (1 pg in 0.2 ~1 CSFkide, squares, n = 5; sites plotted 
in Fig. 9B) failed to prevent suppression of the JOR by i.t. lidocaine. 

opioid link mediating suppression of the JOR by Lt. lidocaine, 
we tested the ability of bilateral microinjections of naloxone 
methiodide to block suppression of the JOR by i.t. lidocaine. 
Naloxone methiodide microinjected into nucleus accumbens, but 
not into surrounding sites, blocked suppression of the JOR by 
i.t. lidocaine (p < 0.05) (Fig. 7; see Fig. 9). These findings 
confirm that an opioid link in nucleus accumbens mediates sup- 
pression of the JOR by either i.t. lidocaine or i.t. DAMGO, and 
also confirm that the ascending pathway is tonically active and 
must be suppressed in order to disinhibit this opioid link in nu- 
cleus accumbens. 

Discussion 
Spinally evoked antinociception mediated by supraspinal 
opioids 
In this study we demonstrate in the lightly anesthetized rat the 
existence of a pathway that ascends from the spinal cord to a 
supraspinal site that produces antinociception mediated by su- 
praspinal opioidergic mechanisms by showing that (1) the JOR 
is suppressed by DAMGO or lidocaine administered intrathe- 
tally at the lumbar level of the spinal cord, or by spinal tran- 
section, and (2) that supraspinally administered naloxone (i.e., 
i.c.v. or in nucleus accumbens) antagonizes this effect. The ob- 
servation that i.t. lidocaine or spinal transection mimic i.t. DAM- 
GO in suppressing the JOR suggests that the ascending pathway 
is tonically active. We propose that inhibition of activity in this 
ascending pathway by spinal analgesic agents (i.e., opioids or 
local anesthetics) disinhibits supraspinal opioid-mediated antino- 
ciception. This supraspinal antinociceptive mechanism appears 
to have a global effect on nociceptive reflexes as it has been 
detected at the site of lumbar drug administration (Holmes and 
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Figure 8. A, Locations of naloxone methiodide injections plotted on 
coronal sections of PAG. In this and following figures numbers refer to 
distance (millimeters) caudal (negative numbers) or rostra1 to the inter- 
aural line of coronal sections adapted from the atlas of Paxinos and 
Watson (Paxinos and Watson, 1986). B, Locations of naloxone meth- 
iodide plotted on coronal sections of RVM adapted from the atlas of 
Paxinos and Watson (Paxinos and Watson, 1986). VII, Facial nucleus; 
P, pyramidal tract. 

Fujimoto, 1992; Miaskowski and Levine, 1992) as well as a 
trigeminal nociceptive reflex (i.e., the JOR). Also, the reported 
observation that morphine, administered intrathecally to the lum- 
bar spinal cord, is effective in the treatment of head and neck 
cancer pain (Andersen et al., 1991) suggests that the ascending 
pathway may be relevant to the treatment of pain. In addition, 
a number of studies have reported that spinally administered 
local anesthetics potentiate the antinociceptive effects of spinal 
morphine (Akerman et al., 1988; Penning and Yaksh, 1990; 
Maves and Gebhart, 1992). Given our current findings, it is pos- 
sible that this potentiation is mediated by suppression of activity 
in the ascending pathway which disinhibits a supraspinal opioid- 
ergic mechanism. At present, nothing is known of the physio- 
logical conditions under which antinociception mediated by in- 
hibition of the ascending pathway might occur. Since 
endogenous opioids are released in the spinal cord under various 
conditions (Watkins et al., 1982; Yaksh et al., 1983; Chung et 
al., 1984; Cesselin et al., 1985; Le Bars et al., 1987; Bourgoin 
et al., 1990; Taylor et al., 1990), and since we have shown that 
intrathecal opioids produce antinociception via the ascending 
pathway, we suggest that endogenously released spinal opioids 
might act on the ascending pathway in a similar manner. 

Site of action of supraspinal naloxone 
In this study we demonstrate that microinjection of naloxone 
methiodide into the nucleus accumbens, but not into several oth- 

Figure 9. Locations of injection sites in nucleus accumbens. Solid 
circles (except D) indicate that the spinal drug was DAMGO, open 
circles indicate that the spinal drug was lidocaine. A, “on-site” (i.e., in 
nucleus accumbens) locations of naloxone methiodide injections; B, 
“off-site” (i.e., adjacent to nucleus accumbens) locations of naloxone 
methiodide injections; C, “on-site” locations of CSF injections; and D, 
“on-site” locations of naloxone methiodide injected as a single agent. 

er supraspinal sites (i.e., RVM, PAG, or sites adjacent to nucleus 
accumbens), blocks the suppression of the JOR by either i.t. 
DAMGO or i.t. lidocaine. These results suggest that nucleus 
accumbens contains an opioidergic mechanism important in me- 
diating the antinociceptive effect of i.t. DAMGO as well as i.t. 
lidocaine, and further suggest that this opioid mechanism is ac- 
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tivated by disinhibition (i.e., suppression of tonic activity in the 
ascending pathway). In support of a role for the nucleus accum- 
bens in processing nociceptive information, several investigators 
have reported that microinjection of morphine into nucleus ac- 
cumbens produces antinociception (Dill and Costa, 1977; Jin et 
al., 1986; Yu and Han, 1990). Furthermore, nucleus accumbens 
contains opioid receptors (Atweh and Kuhar, 1977; Stein et al., 
1992), and is immunoreactive for both met-enkephalin and p-en- 
dorphin (Hong et al., 1977; Ma and Han, 1991; Ma et al., 
1992b). Of note, Han and colleagues have proposed the exis- 
tence of a “mesolimbic loop of analgesia” in which the opioid 
circuitry in the nucleus accumbens plays an important role (Han 
and Xuan, 1986; Xuan et al., 1986; Yu and Han, 1990; Ma and 
Han, 1991; Ma et al., 1992a,b). Spinal neurons which carry no- 
ciceptive information have been shown to project directly to 
nucleus accumbens and other limbic structures (Burstein et al., 
1987; Burstein and Giesler, 1989; Cliffer et al., 1991). 

Diffuse noxious inhibitory controls (DNIC) 

Antinociception produced via the ascending pathway appears to 
resemble DNIC in that an event remote from the site of appli- 
cation of a noxious stimulus is capable of raising the threshold 
of response to that stimulus (see Le Bars et al., 1992, for review 
of DNIC). The antinociception produced by the ascending path- 
way and that produced by DNIC are, however, likely to result 
from different mechanisms since DNIC is mediated by excitato- 
ry activity in ascending pathways (Le Bars and Villanueva, 
1988; Villanueva et al., 1988), whereas we demonstrate that in- 
hibition of tonic activity in ascending pathways evokes 
antinociception. 

Relevance to awake, pain-free state 

Since, in our experiments, we used lightly anesthetized animals 
in an acute preparation, it is possible that animals in this state 
could be exhibiting a phenomenon not present in animals in an 
awake, pain-free state. However, a strong argument against this 
is that antinociception produced by spinally administered opioids 
is also antagonized by supraspinal opioid antagonists in awake, 
pain-free animals (Holmes and Fujimoto, 1992; Miaskowski and 
Levine, 1992). Nevertheless, it is important that our findings be 
confirmed in other experimental paradigms which avoid the use 
of anesthesia and procedures which stimulate nociceptors. 

In summary, we demonstrate that either a spinally adminis- 
tered opioid (DAMGO) or a spinally administered local anes- 
thetic (lidocaine) attenuates the trigeminal JOR and that in either 
case this attenuation is blocked by the administration of nalox- 
one methiodide into the nucleus accumbens. Spinal transection 
also suppress the JOR in a manner sensitive to supraspinal nal- 
oxone. These observations support the suggestion that suppres- 
sion of tonic activity in an ascending pathway disinhibits a su- 
praspinal antinociceptive circuit with an opioid Iink in nucleus 
accumbens (Fig. 1A). This inhibition of supraspinal opioid-de- 
pendent antinociception by ascending tonic activity implies that 
the net effect of spinal input into the limbic system is to facilitate 
nociceptive sensitivity. This facilitation may be suppressed by 
events that evoke the release of spinal endogenous opioids. 
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