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Focal electrical stimulation and microinjection of the excit- 
atory amino acid glutamate in the lateral reticular nucleus 
(LRN) both inhibit the heat-evoked tail flick (TF) reflex in 
rats. The stimulation-produced inhibition from the LRN has 
previously been demonstrated to be mediated by spinal 
monoaminergic receptors. In the present study, inhibition of 
responses to noxious thermal stimuli by glutamate microin- 
jetted into the LRN was examined and characterized; this 
study is the first to examine the spinal receptors mediating 
inhibition produced by selective activation of cell bodies in 
the LRN. Microinjection of glutamate (100 mM) into the LRN 
in rats lightly anesthetized with pentobarbital produced a 
transient (~5 min) inhibition of the heat-evoked TF reflex, 
the magnitude of which increased with the volume of glu- 
tamate injected (100, 200, or 400 nl). This glutamate-pro- 
duced inhibition of the TF reflex was antagonized by the 
intrathecal administration of phentolamine (30 rg), yohim- 
bine (15 and 30 rg), or methysergide (15 and 30 rg) to the 
level of the lumbar spinal cord, but was not antagonized by 
prazosin (30 pg) or naloxone (20 pg). Yohimbine (15 and 30 
pg) administered to the level of the cervical spinal enlarge- 
ment did not significantly alter inhibition of the TF reflex 
produced by glutamate microinjected into the LRN. 

Microinjection of glutamate (100 mM, 400 nl) into the LRN 
elevated TF latencies and hindpaw lick latencies in the hot 
plate test performed on conscious rats. This inhibition of 
responses to noxious thermal stimuli in conscious rats was 
short-lasting (~5 min), and was also attenuated by intrathe- 
cal administration of yohimbine (30 rg) or methysergide (30 
rg), but not by prazosin (30 pg) or naloxone (20 rg). While 
it has previously been established that cell bodies in the 
LRN mediate descending inhibition of spinal nociceptive re- 
flexes, the present results establish that spinal cY,-adreno- 
ceptors and serotonin receptors mediate LRN-produced an- 
tinociception and extend our understanding of LRN-mediated 
modulation of nociceptive responses integrated spinally and 
supraspinally. 

Systems that modulate spinal transmission of nociceptive in- 
formation are distributed along the length of the neural axis, 
from the cortex (e.g., Coulter et al., 1974; Yezierski et al., 1983) 
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to the segmental level (e.g., Menetrey et al., 1977; Fitzgerald, 
1982). Inhibition of reflexes or spinal dorsal horn neurons evoked 
by nociceptive stimuli can be produced by focal electrical stim- 
ulation in widely distributed central loci, including the ventro- 
basal thalamus (Gerhart et al., 1983), hypothalamus (Carstens, 
1982, 1986; Carstens et al., 1983; Cunningham et al., 1986; 
Aimone and Gebhart, 1987) midbrain (Reynolds, 1969; Geb- 
hart et al., 1983a, b; Aimone and Gebhart, 1986), pons (Jones 
and Gebhart, 1986a, b), and medulla (Zorman et al., 198 1; Hall 
et al., 1982; Gebhart et al., 1983a, b; Morton et al., 1983; Ai- 
mone and Gebhart, 1986; Gebhart and Ossipov, 1986). Since 
Reynolds first reported behaviorally defined analgesia produced 
by electrical stimulation in the periaqueductal gray of rats in 
1969, it has become evident that numerous supraspinal sites 
are involved in the centrifugal modulation of somatosensory 
pathways and that this may reflect the participation of multiple 
systems in the processing of nociceptive information. These 
systems differ neuroanatomically, neurochemically, and/or in 
the qualitative fashion in which they inhibit nociceptive trans- 
mission (e.g., Watkins and Mayer, 1982; Gebhart et al., 1983a; 
Gebhart, 1986). The existence of spinopetal projections from 
these various sources of descending inhibition makes it impor- 
tant to distinguish between inhibitory effects produced by ac- 
tivation of cell bodies and those produced by activated fibers 
of passage. 

This is especially true for the lateral reticular nucleus (LRN), 
a relatively large bilateral complex of cells in the ventrolateral 
medulla that extends along the length of the inferior olive (Pax- 
inos and Watson, 1982; Kalia et al., 1985a). The LRN lies at 
the caudal extent of the brain stem, directly in the path of 
descending, as well as ascending, fiber tracts (Westlund and 
Coulter, 1980; Jones and Yang, 1985). It is highly intercon- 
nected with structures involved in motor function (e.g., motor 
cortex: Brodal et al., 1967; Kiinzle and Wiesendanger, 1974; 
Corraja et al., 1977; Shokunbi et al., 1986; red nucleus: Corraja 
et al., 1977; Hrycyshyn and Fltimerfelt, 198 1; Rose, 198 1; Qvist 
et al., 1984; Shokunbi et al., 1986; cerebellum: Corraja et al., 
1977; Deitrichs and Walberg, 1979; Deitrichs, 1983; inferior 
olivary nucleus: Shokunbi et al. 1986; and the ventral horn of 
the spinal cord: Ktinzle, 1973; Corraja et al., 1977; Hrycyshyn 
and Fltimerfelt, 198 1; Menttrey et al., 1983, 1984) and sensory 
functions (e.g., sensory cortex: Brodal et al., 1967; Ktinzle and 
Wiesendanger, 1974; Corraja et al., 1977; Shokunbi et al., 1986; 
periaqueductal gray: Rose, 198 1; Marchand and Hagino, 1983; 
Roste et al., 1985; nucleus raphe magnus: Qvist et al., 1983; 
and the dorsal horn of the spinal cord: Ki.inzle, 1973; Corraja 
et al., 1977; Hrycyshyn and Fliimerfelt, 198 1; Menetrey et al., 
1983, 1984), which suggests that it plays a role in sensorimotor 
integration. 
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Duggan first proposed a role for the LRN in sensory processing 
when he suggested that it was the source of tonic descending 
inhibition in the cat, since bilateral electrolytic lesions of the 
LRN increased the responses of dorsal horn nociceptive neurons 
to electrical activation of C fibers in the tibia1 nerve (Hall et al., 
1982), and focal electrical stimulation in the LRN inhibited 
spinal neuronal responses to C fiber stimulation (Morton et al., 
1983). Electrical stimulation in the LRN also results in inhi- 
bition of the nociceptive jaw-opening reflex in rabbits (Sotgiu, 
1986) and the heat-evoked tail flick (TF) reflex in rats (Gebhart 
and Ossipov, 1986; Ossipov and Gebhart 1986; Janss et al., 
1987a, b). Although the inhibition produced by electrical stim- 
ulation may be the consequence of activated descending fibers 
in the area of the electrode, microinjection of the excitatory 
amino acid glutamate, believed to selectively activate neuronal 
somata (Fries and Zieglggnsberger, 1974; Goodchild et al., 1982), 
into the LRN also inhibits the TF reflex in rats (Gebhart and 
Ossipov, 1986; Janss et al., 1987a, b). 

Gebhart and Ossipov (1986) demonstrated that spinal LYE- 
adrenoceptors and perhaps serotonin receptors mediate inhi- 
bition of the TF reflex produced by focal electrical stimulation 
in the LRN in rats lightly anesthetized with pentobarbital. It is 
not clear whether these spinal receptors are those mediating 
inhibition produced by cell bodies within the LRN or axons 
projecting through the area. This distinction is important since 
(1) there is considerable disagreement regarding the existence 
of spinopetal noradrenergic projections from the Al cell group 
adjacent to the LRN (see Discussions in Gebhart and Ossipov, 
1986, and Janss et al., 1987b) and (2) descending inhibition of 
the TF reflex produced by stimulation in the nucleus locus coe- 
ruleus and subcoeruleus is also mediated by spinal cu,-adreno- 
ceptors (Jones and Gebhart, 1986a) and these pontine nuclei 
send projections to the spinal cord in the rat that course through 
the ventrolateral medulla in the area of the LRN (Westlund et 
al., 1983; Jones and Yang, 1985). 

The goal of this study was to characterize the inhibition of 
responses to noxious thermal stimuli produced by selective ac- 
tivation of neurons in the LRN by microinjection of glutamate. 
The heat-evoked TF reflex in rats lightly anesthetized with pen- 
tobarbital was used to examine any relationship between inhi- 
bition of the nociceptive reflex and the dose/volume of gluta- 
mate microinjected; intrathecal administration of antagonists 
was used to identify the spinal receptors mediating the effects 
of glutamate microinjected into the LRN. Both the TF and hot 
plate (HP) tests were performed in conscious rats to examine 
both the antinociception produced by glutamate given in the 
LRN and the spinal receptors mediating the antinociception. 

Portions of this work have been previously reported (Janss 
and Gebhart, 1986). 

Materials and Methods 
Surgicalpreparation. Male Sprague-Dawley albino rats (Biolab, St. Paul, 
MN) weighing 300-450 gm on the day of surgery were used. Separate 
groups of animals were used to examine the effects of glutamate in the 
LRN on responses to noxious thermal stimuli (1) in the lightly anes- 
thetized state and (2) 5 and 10 d after surgery in the conscious state. 
All animals were initially anesthetized with 50 mg/kg of pentobarbital 
sodium (Nembutal), i.p., and intrathecal (i.t.) catheters (either 7.5 or 
4.5 cm lengths of PElO polyethylene tubing) filled with artificial cere- 
brospinal fluid were inserted following the method described by Yaksh 
and Rudy (1976). In animals studied while only lightly anesthetized, 
femoral arterial and venous catheters were inserted to permit continuous 
monitoring of arterial blood pressure (Century CP-0 1 low-volume pres- 
sure transducer) and intravenous infusion of pentobarbital (see below), 

respectively. The rat was placed in a stereotaxic apparatus and a guide 
cannula (26 gauge; 0.45 mm O.D.) lowered to a position approximately 
2 mm dorsal to the LRN (Paxinos and Watson, 1982). Anesthesia was 
maintained throughout the experiment by continuous intravenous in- 
fusion of pentobarbital (3-6 mg/kg/hr). Body temperature (monitored 
rectally) was maintained between 37 and 38°C by a heating pad. 

Rats tested while lightly anesthetized, as well as 5 and 10 d later, 
while conscious, did not have arterial or venous catheters inserted. 
While deeply anesthetized, a Plastic Products intracranial guide cannula 
(13 mm long, 0.45 mm O.D.; Roanoke, VA) was implanted stereotax- 
ically, held in place with dental acrylic anchored to the skull with 3 
machine screws, and closed with 30-gauge stainless steel stylets (0.31 
mm O.D.). Following surgery, the rats were treated with 30,000 units 
of penicillin G. These rats were tested during recovery from surgical 
anesthesia while lightly anesthetized to identify a site in the ventrolateral 
medulla where inhibition of the TF reflex could be elicited with low 
intensities of electrical stimulation (see the following section). Three of 
12 animals undergoing this procedure were excluded from further testing 
because of the development of sensory or motor deficits or signs of 
infection. These techniques have been described in greater detail else- 
where (Yaksh and Rudy, 1976; Jensen and Yaksh, 1984; Aimone and 
Gebhart, 1986; Gebhart and Ossipov, 1986; Jones and Gebhart, 1986b; 
Ossipov and Gebhart, 1986). 

Nociceptive tests. The heat-evoked TF reflex in rats lightly anesthe- 
tized with pentobarbital has been characterized (Ness and Gebhart, 
1986) and used in numerous studies examining descending modulation 
of spinal reflexes (e.g., Zorman et al., 198 1; Sandkiihler and Gebhart, 
1984; Aimone and Gebhart, 1986; Gebhart and Ossipov, 1986; Jones 
and Gebhart, 1986; Ossipov and Gebhart, 1986; Janss et al., 1987a, b). 
In those rats tested while only lightly anesthetized, the appropriate level 
of anesthesia (flexion and cornea1 reflexes intact) was maintained by 
adjusting the rate of intravenous pentobarbital infusion. The TF reflex 
was evoked by radiant heat applied to the ventral surface of the tail (see 
references above). Tail position was varied and the same position was 
not heated any 2 times in succession in order to prevent damage to the 
tail. Inhibition of the TF reflex was defined as a TF latency (the interval 
between exposure of the tail to, and withdrawal of the iail from, the 
heat source) 27 set, when noxious heating was discontinued. The 7 set 
cutoff time (2.5-3.0 times the control TF latencv) was imaosed to min- 
imize possible tissue injury (see Ness and Gebl&t, 1986). 

Rats tested while conscious 5 and 10 d following surgery were handled 
by the investigator daily during the surgical recovery period. On the 
day of testing, TF latencies were determined as described above. The 
control (preglutamate) TF latency was calculated for each rat as the 
mean of 3 TF latencies recorded 2 min apart prior to the microinjection 
of glutamate. The HP test was performed by placing the rat on an 
aluminum plate maintained at 55.0 + 0.5”C. The latency to a nocicep- 
tive response, identified as a lick of one of the hindpaws, was measured 
to the nearest 0.1 set, and other behaviors suggesting discomfort (e.g., 
vigorous stomping of the hindpaws or jumping) were noted. Rats that 
did not respond were removed from the heated surface at 60 set to 
prevent tissue damage. A minimum of 2 min separated successive HP 
tests. The mean of 3 HP latency values recorded 2 min apart prior to 
glutamate microinjection constituted the baseline (preglutamate) HP 
latency. The order in which HP and TF tests were administered prior 
to and following administration of drugs was randomized. 

Intracerebral electrical stimulation. Focal electrical stimulation in all 
rats was used to localize sites in the ventrolateral medulla where the 
TF reflex could be inhibited by low intensities of electrical stimulation 
(525 FA). Stimulating electrodes consisted of 34-gauge (0.15 mm O.D.) 
insulated magnet wire (Belden; Richmond, IN) inserted into and ex- 
tending at least 2 mm beyond the tip of the 26-gauge guide cannula. 
Indifferent electrodes (anodes) were inserted subcutaneously into the 
lumbar region of the back. Electrical stimulation (constant cathodal 
current, 100 Hz, 100 psec pulses) was started 10 set prior to and con- 
tinued during heating of the tail until the TF reflex occurred or 7 set 
had elapsed. A control TF latency in the absence of intracerebral elec- 
trical stimulation was always determined after each stimulation-pro- 
duced inhibition. 

In rats tested while only lightly anesthetized, stimulating electrodes 
were moved stepwise by lowering the guide cannula. In rats to be tested 
while conscious, electrodes extending progressively greater distances 
(1 .O-3.0 mm) beyond the tip of the fixed Plastic Products guide cannula 
were inserted until a site in the caudal medulla at which the TF reflex 
could be inhibited with 525 PA of electrical stimulation was identified. 
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Figure 1. Inhibition of the TF reflex produced by glutamate microinjected into the LRN in rats lightly anesthetized with pentobarbital. A, Dose/ 
volume-response. TF latency (response) is plotted along the ordinate and the injection volume (dose) of glutamate (100 mM) along the abscissa. 
TF latency at 0 nl connotes control (preglutamate) latency, computed as the average of 3 TF trials recorded 2 min apart prior to microinjection of 
glutamate. The TF latency recorded at 1 and 2 min following administration of glutamate did not differ significantly at any volume (see B), so the 
average of the 2 latencies was used to compute the points in A. Values are presented as means + SEM. The number of subjects for each point is 
indicated in B. Injection sites for the data presented above are depicted in Figures 2B, 3B, and 4B. The TF latency values at 100, 200, and 400 nl 
are significantly different 0, 5 0.05) from the control (preglutamate) TF latency (repeated-measures ANOVA and Tukey’s studentized range test 
for post hoc comparison). B, Time course. TF latency is plotted against time following microinjection of 100, 200, or 400 nl of glutamate into the 
LRN at time 0 (upward-pointing arrow). Injection sites are illustrated in Figures 2B, 3B, and 4B. TF latency prior to time 0 represents the control 
(preglutamate) TF latency, or average of 3 trials prior to the administration of glutamate. Values are presented as means + SEM. The TF latency 
values at 1 and 2 min in all 3 curves differ significantly (p 5 0.05) from the control (preglutamate) TF latency (repeated-measures ANOVA). 

Intracerebral and intrathecal drug administration. Stimulating elec- 
trodes were replaced with microinjection cannulas (33 gauge; 0.20 mm 
O.D.) after identification of an inhibitory site in the ventrolateral me- 
dulla in those animals in which the effects of glutamate on the TF reflex 
where examined while lightly anesthetized. Monosodium glutamate (100 
mM aqueous solution, pH 6.8; Sigma) was microinjected in 100, 200, 
or 400 nl volumes over a period of 1 min, and TF latencies determined 
at 1, 2, and 5 min. The different volumes of glutamate were injected in 
rats in random order, with a minimum of 10 min separating microin- 
jections. 

Pharmacological receptor antagonists dissolved in normal saline were 
delivered intrathecally in volumes of 7.5 or 15 ~1 and the intrathecal 
cannula cleared of drug with a 7.5 ~1 injection of the vehicle. The 
antagonists included naloxone HCl (20 pgg; DuPont); phentolamine (30 
fig; Sigma); yohimbine HCl(15 and 30 wg; Sigma); methysergide maleate 
(15 and 30 rg; Sandoz); and prazosin HCl(30 pg; Pfizer). The effect of 
injection volume on nociceptive thresholds was tested by the injection 
of 20 ~1 of normal saline, i.t., the vehicle for the antagonists adminis- 
tered, excepting prazosin, which was delivered in aqueous solution be- 
cause of its lower solubility. TF latencies were determined at 2 min 
intervals beginning 4 min after intrathecal drug administration, and 
baseline TF latency was computed as the average of these latencies. 
Glutamate microinjections (100,200, and 400 nl) were repeated 10 min 
after the intrathecal injection. Following any changes in the efficacy of 
intracranially administered glutamate in inhibiting the TF reflex, the 
effects of the antagonists were allowed to dissipate (40-60 min), where- 
upon glutamate was readministered into the LRN to confirm recovery 
of its inhibitory efficacy. 

Baseline TF and HP latencies were determined (mean of 3 trials of 
each test prior to administration of glutamate) 5 and 10 d after surgery 
in conscious rats. A 33-gauge microinjection cannula was lowered to 
the position where electrical stimulation had previously produced in- 
hibition of the TF reflex (see preceding section). Two injections of glu- 
tamate, separated by a 15 min interval, were made prior to and following 
the intrathecal administration of antagonist. Glutamate (100 mM, 400 
nl) was injected over a 1 min period. Either TF tests (latency monitored 
at 1, 2, 5, and 10 min) or HP tests (latency monitored at 1, 3, 5, and 

10 min) were performed following the first microinjection of glutamate, 
and the alternate nociceptive test was performed after the second glu- 
tamate microinjection. Thus, each rat underwent 4 TF and 4 HP trials 
prior to intrathecal administration of a receptor antagonist. This pro- 
tocol was repeated 10 min after intrathecal treatment with an antagonist. 
The order of testing (HP versus TF test) following glutamate in the LRN 
was varied between subjects. A group of rats received 400 nl of distilled 
water (the vehicle) intracranially into a site where glutamate had pre- 
viously elevated response latencies, and HP and TF tests were read- 
ministered to determine whether the inhibitory effect was drug-specific 
or secondary to microinjection of the vehicle. 

Pharmacological receptor antagonists (yohimbine HCl, 30 pgg; pra- 
zosin HCl, 30 pg; methysergide maleate, 30 pg; and naloxone HCl, 20 
pg) were injected intrathecally in 15 ~1 of vehicle, followed by a 7.5 ~1 
injection of the vehicle. Two minutes following administration of an 
antagonist, control response latencies (preglutamate) were determined 
by calculating the mean of 3 trials per nociceptive test, each trial sep- 
arated by 2 min. Glutamate microinjections into the LRN and noci- 
ceptive tests were then repeated as described in the preceding paragraph 
and recovery of the efficacy of glutamate was demonstrated when ap- 
propriate. 

Histology. Animals were killed with an overdose of pentobarbital and 
injection/stimulation sites marked with an electrolytic lesion (500 WA 
DC anodal current, 3 set). The brains were removed and fixed in 10% 
formalin for subsequent histological examination. Fast green dye (7.5 
or 15 ~1 of a saturated solution) was injected intrathecally, followed by 
a 7.5 ~1 injection ofsaline. Catheter placement and the extent ofdiffusion 
of injected dye were monitored upon extraction of the spinal cord by 
hydraulic pressure. 

Analysis of data. Statistical analyses of the data (i.e., TF and HP 
latencies and blood pressure before and after glutamate microinjection) 
were made using Student’s t test for grouped or paired data, a l-way 
ANOVA, or a repeated-measures ANOVA (SAS computer-assisted pro- 
gram) with Tukey’s studentized range test for post hoc comparisons; 
p 5 0.05 was considered significant. Differences in TF and HP latencies 
before and after intrathecal treatment were analyzed within the various 
treatment groups, such that each animal served as its own control. No 
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Figure 2. A, Effect of intrathecal administration of phentolamine or methysergide on inhibition of the TF reflex produced by glutamate (100 mM) 
microinjected into the LRN of rats lightly anesthetized with pentobarbital. The dose/volume-response allows comparison of the inhibition of the 
TF reflex by glutamate in the LRN in the absence (baseline; this curve is also depicted in Fig. 1A) and the presence of phentolamine or methysergide 
(15 and 30 pg) delivered intrathecally to the level of the lumbar enlargement. TF latency at 0 nl represents the average of 3 TF trials recorded prior 
to microinjection of glutamate into the LRN, but after intrathecal treatment. The points on the graph are the average TF latencies recorded 1 and 
2 min after microinjection of glutamate. Values are presented as means ? SEM. * Significantly different (p 5 0.05) from corresponding baseline 
TF latency (repeated-measures ANOVA and Tukey’s studentized range test for post hoc comparison). B, Microinjection sites for glutamate in the 
ventrolateral medulla in rats treated with intrathecal phentolamine or methysergide, as indicated to the left. 

significant differences in control (preglutamate) TF and HP latencies 
and postglutamate/preintrathecal antagonist TF and HP latencies were 
found between groups treated with different receptor antagonists, so the 
data were pooled; pooled data represent the effect of glutamate mi- 
croinjected into the LRN in the absence of intrathecal drug or vehicle 
and are presented as the baseline values (see Tables 1 and 2, Figs. l- 
5). 

Results 
Descending inhibition in lightly anesthetized rats 
Microinjection of the excitatory amino acid glutamate into the 
ventrolateral medulla produced a significant, but transient (< 5 
min), elevation in TF latency in rats lightly anesthetized with 
pentobarbital (Fig. 1). Injection sites, illustrated in Figures 2B, 
3B, and 4B, were all in or near the LRN. TF latencies recorded 
1 and 2 min following the microinjection of glutamate did not 
differ significantly at any volume of injection (see Fig. lB), so 
that all statistical comparisons were performed on the average 
of the 2 latencies. Inhibition of the heat-evoked TF reflex was 
progressively greater with larger injection volumes of glutamate 
(Fig. 1, Table 1). Glutamate injected in 100, 200, or 400 nl 
volumes into the LRN produced significant increases-64 + 
12% (n = 37) 124 + 12% (n = 38), and 156 f  8% (n = 42), 
respectively-in TF latencies from the baseline latency (2.5 f  
0.1 set). The volume of glutamate microinjected into the LRN 
that was required to produce a 2-fold elevation in the TF latency, 

as computed from a linear regression through the data points 
in Figure lA, was 160 nl (16 nmol). 

Glutamate microinjected into the LRN also produced a car- 
diovascular depressor response (means, 15.3 + 2.4,20.2 f  6.0, 
and 23.1 f  1.9 mm Hg decreases in diastolic blood pressure 
for 100, 200, or 400 nl injections of glutamate, respectively). 
This depressor effect exhibited dependence on dose/volume, 
since the reductions in diastolic blood pressure produced by 100 
and 400 nl of glutamate were significantly different. However, 
the decreases in blood pressure did not correlate with elevations 
in the TF latency when analyzed with Spearman’s rank-corre- 
lation test: r, = -0.02, 0.06, and -0.05 for 100, 200, and 400 
nl injection volumes of glutamate, respectively. 

Both the nonselective adrenoceptor antagonist phentolamine 
(30 pg; n = 5) and the serotonin receptor antagonist methyser- 
gide (30 pg; n = 7), when administered to the level of the lumbar 
spinal cord, significantly attenuated inhibition of the TF reflex 
produced by glutamate (100, 200, or 400 nl) microinjected into 
the LRN of lightly anesthetized rats (Fig. 2, Table 1). A lesser 
dose of methysergide (15 Kg; n = 7) significantly reduced only 
the effect of the 100 nl microinjection of glutamate on the TF 
reflex, suggesting that the antagonism by methysergide is de- 
pendent upon dose. Both doses of methysergide reduced the 
control (preglutamate) TF latencies from the baseline value, 
although the reductions were not statistically significant (see Fig. 
2, Table 1). 
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Table 1. Effect of receptor antagonists administered intrathecally on inhibition of the TF reflex by 
microinjection of glutamate into the LRN in lightly anesthetized rats 

Tail flick latency (set f SEM) 
Postglutamate (nl) 

Intrathecal treatment n Preglutamate 100 200 400 

None (baseline) 42 2.5 * 0.1 4.1 + 0.3 5.6 t- 0.2 6.4 + 0.1 
Vehicle 20 fil 7 2.6 2 0.1 3.3 + 0.1 6.0 f 1.0 6.0 + 0.5 

Phentolamine 30 I.% 5 2.5 k 0.2 3.0 +- 0.2 2.7 + 0.2 3.4 -t 0.40 

Methysergide 15 PEc 7 2.1 z!z 0.2 2.1 * 0.3a 4.6 k 0.1 5.6 2 0.7 

30 IG 7 1.8 + 0.1 2.2 f 0.3 3.0 k 0.4‘J 4.0 f 0.6* 

Yohimbine 15PLg 11 2.0 + 0.1 2.0 + O.l= 3.3 k 0.9* 5.3 + 0.6 

30 kc2 9 1.8 + O.la 1.8 + 0.4= 2.0 f 0.34 1.8 k 0.2= 

Yohimbine 15% 6 2.4 k 0.2 4.8 + 0.6 5.9 + 0.2 6.5 k 0.3 

(cervical) 30 /a 6 2.4 k 0.1 3.0 I: 0.6 3.7 + 0.8 4.8 f 0.7 

Prazosin 30 /I!z 9 2.3 k 0.2 5.4 + 0.8 5.9 k 0.5 6.4 + 0.3 

Naloxone 20 ILP 8 2.4 t 0.1 3.4 -+ 0.7 5.4 f 0.3 6.2 * 0.4 

TF latencies represent the mean of 3 values recorded 2 min apart prior to microinjection of glutamate (preglutamate), 
or recorded 1 and 2 min following microinjection of glutamate into the LRN (postglutamate). Glutamate injection sites 
are illustrated in Figures 2B. 3B, and 4B. Baseline values indicate TF latencies in the absence of any intrathecal treatment. 
Antagonists or vehicle (normal saline) were administered to the level of the lumbar enlargement (catheter, 7.5 cm), with 
the exception of a group (cervical) in which yohimbine was administered to the level of the cervical spinal enlargement 
(catheter, 4.5 cm). 

y Sianificantlv different (u ~0.05) from corresponding baseline TF latency (2-way ANOVA and Tukey’s studentized 
range test fo; post hoc c~mparisdn). 

Resolution of the spinal adrenoceptors mediating inhibition 
of the TF reflex by glutamate was achieved by the intrathecal 
administration of the selective a,-adrenoceptor antagonist pra- 
zosin or the cu,-adrenoceptor antagonist yohimbine (Fig. 3, Table 
1). Prazosin (30 pg; n = 7) did not alter the descending inhibition 
produced by glutamate, whereas yohimbine (30 pg; y1 = 9) sig- 
nificantly decreased the baseline TF latency and completely 
blocked the inhibitory effects of 100, 200, and 400 nl microin- 
jections of glutamate into the LRN. Yohimbine administered 
in a lesser, 15 pg dose (n = 11) shifted the dose/volume-response 
curve to the right, significantly reducing the inhibition of the 
TF reflex produced by 100 and 200 nl microinjections of glu- 
tamate. Thus, spinal a,-adrenoceptors, as well as spinal sero- 
tonin receptors, appear to be involved in the inhibition of the 
TF reflex produced by chemical activation of cell bodies in the 
LRN, a result consistent with the stimulation-produced inhi- 
bition of the TF reflex from the LRN (Gebhart and Ossipov, 
1986). 

Intrathecal administration of naloxone (20 wg; n = 8) did not 
alter inhibition of the TF reflex by glutamate microinjected into 
the LRN in rats lightly anesthetized with pentobarbital (Fig. 4, 
Table 1). Normal saline (20 ~1; n = 7) was injected intrathecally 
to control for effects of the vehicle; Figure 4 also illustrates the 
lack of effect of the saline injection on either baseline TF latency 
or inhibition of the TF reflex produced by glutamate. 

An additional control experiment was performed to deter- 
mine the extent to which rostrad diffusion of an intrathecally 
administered receptor antagonist might contribute to the atten- 
uation of inhibition of the TF reflex produced by glutamate. 
Yohimbine injected into the intrathecal space at the level of the 
cervical spinal cord (4.5 cm i.t. catheter) in 30 (n = 6) and 15 
pg (n = 6) doses did not significantly affect elevation of TF 
latencies following microinjection of 100, 200, or 400 nl of 
glutamate into the LRN (Table 1). Dye injections made to verify 
catheter placement after administration of a lethal dose of pen- 
tobarbital confirmed the extent of diffusion of the injected vol- 

umes. Both 7.5 and 15 ~1 injections of Fast green dye admin- 
istered to the level of the lumbar spinal cord (7.5 cm catheter) 
stained only the lumbar spinal tissue. Injection of dye to the 
level of the cervical spinal cord in the same volumes stained 
the cerebellum, brain stem, and the cervical spinal cord. Yo- 
himbine administered in these shorter intrathecal catheters did 
not significantly alter the inhibitory effects of glutamate mi- 
croinjected into the LRN, suggesting that supraspinal cY,-adren- 
oceptors do not play a role in the inhibition of the TF reflex 
produced by activation of cell bodies in the LRN. The smaller 
volume of dye (7.5 ~1) administered to the level of the cervical 
spinal cord (4.5 cm catheters) was limited to the cervical spinal 
cord (n = 4); however, 15 ~1 of dye administered to the level of 
the cervical spinal cord did result in light staining of the lumbar 
spinal tissue in 3 of 4 animals. The modest, insignificant atten- 
uation in the efficacy of glutamate by the 30 pg dose of yo- 
himbine delivered to the cervical spinal cord was likely the result 
of diffusion of the antagonist to the lumbar spinal cord, since 
similar intrathecal injections of an equal volume of dye lightly 
stained the surface of the lumbar spinal cord. 

Antinociception in conscious rats 
Microinjection of glutamate into the LRN also inhibited the 
responses to noxious thermal stimuli in conscious rats with a 
time course similar to that of the inhibition of the TF reflex in 
lightly anesthetized rats. Glutamate (100 mM, 400 nl) microin- 
jetted into the LRN produced a short-lasting (I 5 min) but 
significant increase in both TF and HP latencies (Fig. 5, Table 
2). The average of the TF latencies recorded 1 and 2 min after 
glutamate microinjection (400 nl) was significantly elevated 
(108 + 12%; n = 9) from the baseline TF latency (2.6 + 0.2 
set). Average HP latencies recorded at the 1 and 3 min test 
intervals were elevated significantly (376.0 f 33.0%; IZ = 8) 
from the baseline HP latency (9.8 -t 1.0 set). Thus, glutamate 
microinjected into the LRN in awake rats produced greater than 
2- and 4-fold increases in TF and HP latencies, respectively. 
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Figure 3. A, Effect of intrathecal administration of prazosin or yohimbine on inhibition of the TF reflex produced by glutamate (100 mM) 
microinjected into the LRN of rats lightly anesthetized with pentobarbital. The dose/volume-response illustrates how the selective a,-adrenoceptor 
antagonist yohimbine (15 and 30 bgg; n = 9) attenuated inhibition of the TF reflex produced by glutamate (baseline; this curve is also illustrated in 
Fig. 1A). The selective a,-adrenoceptor antagonist prazosin did not affect glutamate-produced inhibition of the TF reflex. The TF latency at 0 nl 
represents the average of 3 TF trials recorded prior to microinjection of glutamate into the LRN, but after intrathecal treatment. The points on 
the graph are the average TF latencies recorded 1 and 2 min after microinjection of glutamate. Values are presented as means Ifr SEM. * Significantly 
different (p 5 0.05) from corresponding baseline (repeated-measures ANOVA with Tukey’s studentized range test for post hoc comparisons). B, 
Glutamate microinjection sites in the ventrolateral medulla in rats in which yohimbine or prazosin was administered intrathecally, as indicated to 
the left. 

Injection sites in this group of animals, depicted in Figure 5, 
are all in or adjacent to the LRN. 

Although the hindpaw lick was clearly inhibited in the HP 
test by glutamate microinjected into the LRN, rats placed on 
the 55” heated surface appeared to be agitated (stomping of fore- 
and hindpaws) and often attempted to escape. This sharply con- 
trasts with the antinociception produced by analgesic agents 
such as morphine, which are associated with an apparent in- 
difference to the noxious thermal stimulation of the hot plate 
(Yaksh and Rudy, 1978). 

Statistical analysis revealed no significant differences in test 
latencies that could be ascribed to the order of administration 
of the TF or HP tests, or to the time of testing following surgical 
preparation (5 or 10 d). Microinjection of 400 nl of water (ve- 
hicle) into sites where glutamate had previously produced a 
significant elevation of TF and HP latencies (Fig. 5, Table 2) 
did not produce any significant change in response latencies 
from baseline values, which strengthens the view that the in- 
hibition of the TF reflex and HP hindpaw lick that occurs fol- 
lowing microinjection of glutamate into the LRN is not the effect 
of the vehicle or of any mechanical disruption produced by the 
injection volume. 

Microinjection of glutamate into the LRN in conscious rats 
also produced motor rigidity, irregular respiration, and vocal- 
ization lasting 30-45 set, which reliably dissipated prior to no- 
ciceptive testing at the 1 min interval. Similar effects following 
the microinjection of glutamate into the ventromedial medulla 

or periaqueductal gray (Jensen and Yaksh, 1984), or of various 
pharmacological agonists into the LRN (Ossipov and Gebhart, 
1986), have been reported. Although rigidity, breathing pat- 
terns, and vocalization were not systematically evaluated in this 
study, they appeared to be related to activation of cell bodies, 
as they were not produced by microinjection of 400 nl of water 
in any of the 5 animals receiving this treatment. 

Intrathecal administration of monoaminergic or opioid re- 
ceptor antagonists to the level of the lumbar enlargement prior 
to glutamate microinjection into the LRN of awake, behaving 
rats confirmed the findings from similar injections made in rats 
lightly anesthetized with pentobarbital (Fig. 5, Table 2). Meth- 
ysergide (30 pg) and yohimbine (30 pg) both antagonized the 
inhibition of the TF reflex and HP response produced by glu- 
tamate. Yohimbine also significantly shortened baseline TF and 
HP latencies. Neither prazosin (30 pg) nor naloxone (20 pg) had 
any significant effect on baseline TF or HP latencies or on in- 
hibition of these responses by glutamate. 

None of the pharmacological antagonists administered in-. 
trathecally to conscious rats eliminated the animals’ previously 
described rigidity or altered their breathing patterns following 
intra-LRN injection of glutamate. 

Discussion 
Descending inhibition from the ventrolateral medulla has been 
studied previously and is confirmed here. The present report 
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Figure 4. A, Effect of intrathecal administration of naloxone or saline on inhibition of the TF reflex produced by glutamate (100 mM) microinjected 
into the LRN of rats lightly anesthetized with pentobarbital. The dose/volume-response illustrates the lack of effect of naloxone or normal saline 
delivered intrathecally to the level of the lumbar enlargement upon inhibition of the TF reflex produced by glutamate in the LRN (baseline; this 
curve is also depicted in Fig. 1A). The TF latency at 0 nl represents the average of 3 TF trials recorded prior to microinjection of glutamate into 
the LRN, but after intrathecal treatment. The points on the graph are the average of TF latencies recorded 1 and 2 min after microinjection of 
glutamate. Values are presented as means + SEM. B, Glutamate microinjection sites in the ventrolateral medulla in rats in which naloxone or 
normal saline was administered intrathecally. Also depicted are the microinjection sites of rats with intrathecal catheters extending to the cervical 
enlargement (4.5 cm) and treated with either 15 (0) or 30 (0) pg of yohimbine, i.t. (see text). 

focused on antinociception from the ventrolateral medulla me- 
diated by cell bodies in the LRN, as opposed to inhibition 
produced by focal electrical stimulation that activates both cell 
bodies and fibers of passage. The results (1) confirm that selec- 
tive activation of cell bodies in the LRN mediates inhibition of 
the spinally mediated TF reflex in lightly anesthetized rats (Geb- 
hart and Ossipov, 1986; Janss et al., 1987a, b), (2) establish that 
cell bodies in the LRN also mediate inhibition of spinal reflexes 
and responses to noxious thermal stimuli organized supraspinal- 
ly in conscious rats, and (3) demonstrate that the inhibitory 
effects from the somata in the LRN that are listed above are 
mediated by spinal a,-adrenoceptors and serotonin receptors. 

The inhibitory effects of glutamate microinjected into the 
LRN were short-lived, increasing with the injection volume. 
Similar brief time courses for the inhibition of responses to 
noxious stimuli produced by microinjection of glutamate into 
the LRN (Gebhart and Ossipov, 1986), as well as into other 
supraspinal sites (Satoh et al., 1983; Jensen and Yaksh, 1984; 
Jones and Gebhart, 1986a, b), have been reported. The doses 
of glutamate microinjected into the LRN (lo-40 nmol) that 
significantly elevated TF and HP latencies in the present report 
are less than or comparable to those reported to produce inhi- 
bition of responses to noxious stimuli when microinjected into 
various supraspinal sites in the rat. The dose of glutamate that 
elevated the TF latency 2-fold from baseline when microinjected 
into the LRN was calculated to be 16 nmol. Satoh et al. (1983) 

reported that the antinociceptive effects of glutamate microin- 
jetted into the nucleus raphe magnus and the nucleus reticularis 
paragigantocellularis in rats exhibited dose-dependence; their 
computed effective-dose,,s for inhibition of the tail-pinch re- 
sponse were 82.5 and 23.0 nmol of glutamate in the nucleus 
raphe magnus and nucleus reticularis paragigantocellularis, re- 
spectively. Jensen and Yaksh (1984) observed elevation of both 
TF and HP latencies after injection of 30 nmol of glutamate 
into the periaqueductal gray or the ventral medial medulla in 
conscious rats, and inhibition of flexion reflexes in lightly anes- 
thetized rats have been reported following microinjection of 25 
50 nmol of glutamate into the nucleus raphe magnus (Behbehani 
and Fields, 1979) and of 50 nmol of glutamate into the locus 
coeruleus (Jones and Gebhart, 1986a, b). 

Intrathecal administration of various pharmacological recep- 
tor antagonists to either lightly anesthetized or conscious rats 
implicates spinal cY,-adrenoceptors and serotonin receptors in 
the inhibition of nociceptive responses from the LRN. Phen- 
tolamine, a nonselective cu-adrenoceptor antagonist, and yohim- 
bine, a selective a,-adrenoceptor antagonist, but not the o(,- 
adrenoceptor antagonist prazosin, attenuated significantly the 
antinociceptive efficacy of glutamate microinjected into the LRN 
(see Starke, 198 1, for a review of cY-adrenoceptor antagonists). 
Similar results have been reported by Gebhart and Ossipov 
(1986) in studies of spinal receptors mediating inhibition of the 
TF reflex produced by focal electrical stimulation in the LRN. 



The Journal of Neuroscience, September 1987, 7(9) 2869 

A. Tail Flick 

'1 

6- 

c? 
& 5- 

5‘ 

f 4 

3 
Y 3- 
.I! 
G 
.c 2- 

@ 

l- 

0-J , , , , , , , ) , , , 
i ’ 2 3 4 5 6 7 8 9 10 

B. Hot Plate 
601 

0-I I,, , , , , , , , , 
y ' 2 3 ;me5(mi;) ' 6 g lo 

C. 

Y-h P13.3 - 
SP5 

- 

0 Baseline 

0 Yohimbine, 3Opg 

0 Methysergide, 3Opg 

A Prazosin, 3Opg 

0 Naloxone, 2Opg 

+ Hz0 Control, 400nl 

Figure 5. Inhibition of responses to noxious thermal stimuli into conscious rats by microinjection of glutamate into the LRN. TF latency (A) and 
HP latency (B) are plotted against time following administration of 400 nl of glutamate (100 mM) into the ventrolateral medulla at time 0. Injection 
sites are illustrated in C. TF and HP latencies that precede time 0 represent the baseline latency (the average of 3 sequential trials prior to 
microinjection of glutamate). Inhibition of the TF reflex and hindpaw lick response by glutamate microinjected into the LRN in the absence 
(baseline) and in the presence of various pharmacological antagonists delivered intrathecally to the level of the lumbar enlargement indicates that 
only the selective ol,-adrenoceptor antagonist yohimbine and the serotonergic antagonist methysergide attenuated the inhibitory effects of glutamate. 
Values are presented as means; standard errors are not indicated for reasons of clarity (see Table 2). * Significantly different (p 5 0.05) from 
corresponding baseline latency (repeated-measures ANOVA). Neither prazosin nor naloxone affected the significant antinociception in either the 
TF or HP tests produced by glutamate given at the sites indicated. C, Glutamate microinjection sites in the ventrolateral medulla of rats tested in 
the unanesthetized state in which yohimbine, methysergide, prazosin, or naloxone was administered intrathecally, or 400 nl of water microinjected 
intracranially. 

Control experiments in which yohimbine was injected to the 
level of the cervical spinal cord suggest that supraspinal a,- 
adrenoceptors do not contribute to the inhibition of the TF reflex 
produced by glutamate in the LRN. 

Spinal serotonin receptors also appear to be involved in the 
descending inhibition produced by excitation of cell bodies in 
the LRN by glutamate, since methysergide antagonized this 
inhibition in both conscious and lightly anesthetized rats. Spinal 
serotonin receptors, which appear to be exclusively of the 
5hydroxytryptamine, subtype in the rat (Monroe and Smith, 

1983), have been implicated in numerous studies of inhibition 
of nociception (e.g., Belcher et al., 1978; Zemlan et al., 1983; 
Jensen and Yaksh, 1984). Gebhart and Ossipov (1986) reported 
that intrathecally administered methysergide attenuated the in- 
hibition of the TF reflex produced by electrical stimulation in 
the LRN, although not as reliably as did yohimbine or phentol- 
amine. The dose/volume studies presented here also suggest that 
intrathecally administered methysergide is not as potent as either 
phentolamine or yohimbine in antagonizing the inhibition of 
the TF reflex produced by glutamate in the LRN. There is evi- 
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Table 2. Effect of receptor antagonist adminstered intrathecally on inhibition of the TF reflex and HP 
responses by microinjection of glutamate into the LRN in conscious rats 

Intrathecal treatment 

Tail flick latency Hot plate latency 

n Preglutamate Postglutamate n Prealutamate Postglutamate 

None (baseline) 9 2.6 * 0.2 5.4 f  0.3 8 9.8 k 1.0 46.6 iz 3.2 
Yohimbine 30 PLg 6 1.4 k 0.10 2.0 f  0.3a 5 5.5 f l.la 22.0 +- 3.2a 

Prazosin 30 & 4 3.0 k 0.2 6.2 t 0.4 3 10.2 iz 1.4 48.1 + 5.9 
Methysergide 30 fig 4 2.0 k 0.3‘7 2.6 f  0.3a 4 6.8 + 2.4 12.9 k 4.3a 

Naloxone 20% 3 2.8 k 0.3 5.5 + 0.1 3 13.5 + 3.2 55.9 f  4.1 
H,O control 400 nl 5 2.5 + 0.2 2.2 + 0.10 4 11.6 + 2.9 11.6 2 3.W 

TF and HP latencies represent the means of 3 values recorded 2 min apart prior to microinjection of 400 nl of glutamate 
(preglutamate), or 2 values recorded within 3 min following microinjection of glutamate into the LRN (postglutamate). 
Glutamate injection sites are illustrated in Figure 4B. Baseline values indicate TF and HP latencies in the absence of 
any intrathecal treatment. All antagonists were administered in the subarachnoid space to the level of the lumbar 
enlargement (catheter, 7.5 cm). The H,O control group represents a group in which 400 nl of distilled water was 
microinjected into the ventrolateral medulla into sites where glutamate had previously produced elevation of TF and 
HP latencies (see text and Fig. 4B). 
u Significantly different (D 5 0.05) from corresponding baseline response latency (2-way ANOVA and Tukey’s studentized 
range test for post hoc comparison) 

dence that serotonergic and catecholaminergic systems interact 
at the level of the spinal cord (Hammond and Yaksh, 1984). 
This might explain why yohimbine completely blocked the ef- 
fects of glutamate in the LRN, yet methysergide also attenuated 
the effect of glutamate. 

Opioid receptors in the spinal cord do not mediate inhibition 
produced by selective excitation of cell bodies in the LRN. Twice 
the dose of naloxone that has been reported to attenuate inhi- 
bition of the TF reflex produced by glutamate microinjected 
into the ventromedial medulla (Jensen and Yaksh, 1984) had 
no significant effect on inhibition of the TF reflex or HP response 
produced by glutamate microinjected into the LRN. 

In the aggregate, these studies indicate that the spinal recep- 
tors involved in inhibition of responses to noxious thermal stim- 
uli produced by selective activation of cell bodies in the LRN 
by microinjection of glutamate are similar to those mediating 
inhibition produced by focal electrical stimulation in the LRN 
(Gebhart and Ossipov, 1986). The similarities in glutamate- and 
stimulation-produced inhibition of nociceptive responses from 
the LRN do not rule out the possibility that activation of neu- 
ronal fibers, as well as of somata, in the ventrolateral medulla 
may contribute to inhibition of the TF reflex produced by focal 
electrical stimulation in the LRN (for example, orthodromic 
activation of bulbospinal descending inhibitory fibers or anti- 
dromic activation of ascending fibers, which activate descending 
inhibitory systems; see, e.g., Jensen and Yaksh, 1984, and the 
introduction). The spinal receptors implicated in the inhibition 
of the TF reflex and in HP responses produced by microinjection 
of glutamate into the ventromedial medulla or periaqueductal 
gray (Satoh et al., 1983; Jensen and Yaksh, 1984) are not iden- 
tical to those that mediate descending inhibition from the LRN. 
This supports the argument that descending inhibition from the 
LRN is unique and not the result of diffusion of glutamate to 
other inhibitory systems originating more rostrally in the brain 
stem. 

A problem inherent in the use ofbehavioral or reflex responses 
to characterize descending inhibitory systems is whether ele- 
vation of response latencies, termed antinociception, represents 
the modulation of sensory processes or of motor functions. The 
inhibition of reflexes and responses to noxious thermal stimuli 
initiated by activation of cell bodies in the LRN may be the 

result of neuronal interactions that affect rostrad transmission 
of nociceptive information, efferent transmission from moto- 
neurons in the ventral horn of the spinal cord, or a combination 
of both mechanisms (see Discussions in Jensen and Yaksh, 1984, 
and Ossipov and Gebhart, 1986). The heat-evoked nociceptive 
TF reflex and the more complex, supraspinally integrated hind- 
paw lick response in the HP test were clearly inhibited by glu- 
tamate microinjected into the LRN. Agitated behavior (e.g., 
stomping and jumping) of rats in the HP test indicated that the 
55” heat stimulus was noxious despite the fact that the hindpaw 
lick was clearly blocked following microinjection of glutamate 
into the LRN. This observation, and the transient rigidity pro- 
duced by glutamate when microinjected into the ventrolateral 
medulla, suggests that activation of cell bodies in or near the 
LRN does affect motor function, and that inhibition of the paw- 
lick response from the LRN may not represent a reduction in 
sensory transmission. However, that intrathecally administered 
monoamine receptor antagonists alter the effects of glutamate 
in the HP test suggests that the effects on supraspinally organized 
behavior involve spinal circuitry, likely of a sensory nature. This 
is supported by electrical stimulation-produced inhibition of the 
responses of spinal dorsal horn neurons to electrical activation 
of C fibers in the cat (Morton et al., 1983). In the rat, both focal 
electrical stimulation and glutamate in the LRN reliably inhibit 
spinothalamic dorsal horn neuronal responses to a noxious heat 
stimulus (A. J. Janss and G. F. Gebhart, unpublished obser- 
vations). This suggests that descending inhibition from the LRN 
does indeed involve sensory processing. The extensive connec- 
tivity of the LRN with central pathways regulating motor and 
sensorimotor function (see the introduction) would be consistent 
with these results. 

The ventrolateral medulla is also involved in the maintenance 
and regulation of cardiovascular tone. Electrical stimulation in 
the caudal ventrolateral medulla near the LRN can produce 
both pressor and depressor responses (Imaizumi et al., 1985; 
see references in Janss et al., 1987a). We have recently dem- 
onstrated that the pressor effects produced by electrical stimu- 
lation in and near the LRN are independent of the inhibition 
of the TF reflex produced by electrical stimulation (Janss et al., 
1987a). In the present study, glutamate microinjected into the 
LRN resulted in a depressor response that exhibited dependence 
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on the dose/volume, confirming previous reports (lmaizumi et 
al., 1985; Janss et al., 1987a). The decrease in blood pressure 
did not correlate with the inhibition of the TF reflex produced 
by glutamate. This complements our previous report in that it 
provides statistical evidence that the depressor effects mediated 
by the caudal ventrolateral medulla are also independent of 
descending inhibition from the LRN. 

As yet unresolved is the question of the origin of descending 
adrenergic and serotonergic inhibitory systems that are activated 
by glutamate or electrical stimulation in the LRN. Although 
adrenaline-containing (Cl) and noradrenaline containing (Al) 
cell groups are located near the LRN (Dahlstriim and Fuxe, 
1965; Kalia et al., 1985a-c) there is controversy as to whether 
noradrenergic projections from the A 1 cell group descend to the 
spinal cord. Numerous studies suggest that they do not (e.g., 
Westlund et al., 1983; see references and Discussion in Janss et 
al., 1987a, b); however, Hudson et al. (1986) have reported that 
noradrenaline-containing neurons from the Al cell group do 
project to the spinal cord. Adrenaline-containing fibers from the 
Cl cell group have been reported to terminate in the thoracic 
spinal cord (Ross et al., 1984) but projections to the lumbar 
spinal cord have yet to be demonstrated. Serotonin-containing 
cell bodies in the medulla with projections to the spinal cord 
(cell groups B 1, 2, and 3) reside medial and rostra1 to the LRN 
(Dahlstrom and Fuxe, 1965; Bowker et al., 198 1; Bjorklund and 
Skagerberg, 1982). The apparent conflict between physiological 
data indicating that activation of cell bodies in the LRN pro- 
duces inhibition of responses to noxious stimuli mediated by 
spinal catecholaminergic or serotonergic terminals and the fail- 
ure to demonstrate spinopetal noradrenergic or serotonergic 
projections from the LRN may be explained if (1) current an- 
atomical techniques are not sufficiently sensitive to resolve ex- 
isting monoaminergic connections between the LRN or Al cell 
group to the spinal cord, or (2) descending inhibition from the 
LRN is polysynaptic, with neurons in the LRN projecting ros- 
trally to, and activating, a secondary monoaminergic neuron 
that descends to the lumbar spinal cord. The principal sources 
of noradrenergic and serotonergic innervation of the spinal cord 
in the rat are believed to be the nucleus locus coeruleus/sub- 
coeruleus (Nygren and Olson, 1977; Bjorklund and Skagerberg, 
1982; Westlund et al., 1983) and the nucleus raphe magnus 
(Bowker et al., 198 1; Bjorklund and Skagerberg, 1982), respec- 
tively. Efferent fibers from the LRN to the locus coeruleus (Loewy 
et al., 198 1; Marchand and Hagino, 1983) and the nucleus raphe 
magnus (Qvist et al., 1983) have been demonstrated. It is not 
known, however, if these projections are relevant to the de- 
scending inhibition produced by activation of cell bodies in the 
LRN. Preliminary results suggest, however, that descending in- 
hibition from the LRN does not rely on a rostra1 loop to the 
locus coeruleus (A. J. Janss and G. F. Gebhart, unpublished 
observations). 

To summarize, selective activation of cell bodies in or near 
the LRN by microinjection ofglutamate results in the inhibition 
of reflexes and responses to noxious thermal stimuli, which is 
mediated at least in part by spinal a,-adrenoceptors and sero- 
tonin receptors. This inhibition demonstrates dependence on 
the dose/volume of glutamate administered and is evident in 
conscious rats, as well as in rats lightly anesthetized with pen- 
tobarbital. These results confirm and extend previous reports 
establishing the role of the LRN in antinociception (Hall et al., 
1982; Morton et al., 1983; Gebhart and Ossipov, 1986; Ossipov 
and Gebhart, 1986; Janss et al., 1987a, b), and further illustrate 

the disparity between anatomic and physiologic-pharmacologic 
results regarding spinopetal noradrenergic projections from the 
caudal ventrolateral medulla. The extent to which this inhibition 
from the LRN reflects a modulation of spinal nociceptive trans- 
mission or of spinal motor outflow has not been determined, 
nor has the supraspinal origin of the spinal monoaminergic 
terminals mediating this inhibition. 
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