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Excitatory amino acid antagonists in the rostral ventromedial medulla inhibit 
mesencephalic morphine analgesia in rats 
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Summary Supraspinal opioid analgesia is mediated in part by connections between the periaqueductal gray (PAG) 
and rostral ventromedial medulla (RVM). Morphine analgesia elicited from the PAG is respectively decreased by selective 
serotonergic and opioid receptor antagonists administered into the RVM, and increased by RVM neurotensin antagonists. 
Since glutamate and excitatory amino acid (EAA) receptors are also active in the RVM, the present study evaluated whether 
either competitive (AP7) or non-competitive (MK-801) N-methyl-D-aspartate (NMDA) antagonists or a kainate/AMPA 
(CNQX) antagonist microinjected into the RVM altered morphine (2.5/xg) analgesia elicited from the PAG as measured by 
the tail-flick and jump tests. Mesencephalic morphine analgesia was markedly reduced on both tests after RVM 
pretreatment with either AP7 (0.01-1 /zg, 0.08-7.8 nmol) or MK-801 (0.03-3 ~g, 0.04-4.4 nmol). In contrast, small but 
significant reductions in mesencephalic morphine analgesia occurred on the jump test following CNQX (0.5/xg, 2.2 nmol) 
in the RVM. NMDA antagonists did not markedly alter either basal nociceptive thresholds following RVM administration, 
or mesencephalic morphine analgesia following administration into medullary placements lateral or dorsal to the RVM. 
These data implicate EAA and particularly NMDA receptors in the RVM in modulating the transmission of opioid 
pain-inhibitory signals from the PAG. 
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AP7; CNQX; NMDA receptor 

Introduction 

Supraspinal opioid analgesia appears to be modulated in 
part by a neural system connecting the midbrain periaque- 
ductal gray (PAG) and the rostral ventro-medial medulla 
(RVM) which includes the nucleus raphe magnus (NRM), 
nucleus reticularis gigantocellularis (NRGC) and NRGC, 
pars alpha (see reviews: Fields and Basbaum 1978; Bas- 
banm and Fields 1984). Analgesia occurs following intra- 
cerebral administration of opiates in either structure (e.g., 
Jacquet and Lajtha 1973; Yaksh et al. 1976; Azami et al. 
1982; Satoh et al. 1983a; Jensen and Yaksh 1986; Bodnar 
et al. 1988; Smith et al. 1988; Urban and Smith 1993, 
1994). Direct PAG-NRGC projections and direct PAG- 
NRM projections have been described (Abols and Bas- 
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baum 1981; Beitz et al. 1983; VanBockstaele et al. 1989, 
1991; VanBockstaele and Aston-Jones 1992), and anal- 
gesic synergy between the PAG and RVM has been ob- 
served using morphine, mu-selective agonists and delta 2- 
selective agonists (Rossi et al. 1993, 1994). Serotonergic 
receptors in the RVM participate in the mediation of 
morphine analgesia elicited from the PAG since either 
general (methysergide), 5HT2A (ritanserin) or 5HT 3 
(ICS205930) antagonists reduced mesencephalic morphine 
analgesia on the tail-flick and jump tests (Kiefel et al. 
1992a,b). Opioid receptors in the RVM also modulate 
mesencephalic morphine analgesia since either general 
(naltrexone), mu (beta-funaltrexamine) or delta (naltrin- 
dole) antagonists reduced mesencephalic morphine analge- 
sia on both nociceptive tests (Kiefel et al. 1993). In 
contrast, a selective neurotensin antagonist in the RVM 
enhances mesencephalic morphine analgesia on the tail- 
flick test (Urban and Smith 1993). These effects were quite 
selective since: (1) the antagonists failed to alter baseline 
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nocicept ive  latencies or thresholds,  and (2) medul lary  can- 

nula p lacements  that are lateral, dorsal or  ventral  to the 

R V M  failed to antagonize mesencepha l ic  morphine  analge-  

sia (Kiefel  et al. 1992a,b, 1993). 

Exci ta tory  amino acid ( E A A )  receptors  have been im- 

pl icated in this supraspinal  analgesic  pa thway since ei ther 

L-glutamate or  N-methyl -o-aspar ta te  ( N M D A )  elicits anal- 

gesia fo l lowing  P A G  (e.g., Behbehani  and Fields  1979; 

Jacquet  1988; Siegfr ied and Nunes  deSouza  1989) or  

R V M  (Satoh et al. 1983b; Jensen and Yaksh  1984a,b; van  

Praag and Frenk 1990; M c G o w a n  and H a m m o n d  1993a,b) 

administrat ion.  P A G  neurons conta in ing glutamate  and 

aspartate (Clements  et al. 1987) project  to the R V M  

(Wiklund  et al. 1988; Bei tz  1990). A i m o n e  and Gebhart  

(1986) found that E A A  receptor  antagonists  adminis tered 

into the R V M  increased the intensi ty o f  electr ical  st imula- 

tion elici ted f rom the PAG.  Further,  vanPraag  and Frenk 

(1990) found that morph ine  analgesia  el ici ted f rom the 

P A G  was  s ignif icant ly  reduced by R V M  pret reatment  o f  

the E A A  antagonists,  1 - (p-ch lorobenzoyl ) -p iperaz ine-2 ,3-  

d icarboxylate  (PCB)  or  OL-2-amino-5-phosphono-valera te  

(APV).  Since  P C B  was more  potent  than A P V  in reducing 

P A G  morphine  analgesia,  van  Praag and Frenk (1990) 

suggested that kainate-quisqualate  receptors  modula ted  

analgesic  processes  in the R V M  more  than N M D A  recep-  

tors. To  explore  further the relat ionship be tween  medul la ry  

E A A  receptors in modula t ing  morph ine  analgesia  el ici ted 

f rom the PAG,  the present  study evaluated whether  R V M  

pret reatment  o f  either the non-compet i t ive  N M D A  antago- 

nist, MK-801  ( (+ ) -5 -me thy l -10 ,11 -d ihyd ro -5H-d ibenzo  

(a,d) cyc lohepten-5 ,10- imine  maleate) ,  the compet i t ive  

N M D A  antagonis t ,  A P - 7  ( ( - ) - 2 - a m i n o - 7 - p h o s p h o n o -  

heptanoate)  or  the k a i n a t e / A M P A  antagonist  C N Q X  (6- 

cyano-7-ni t roquinoxal ine-2 ,3-dione) ,  altered analgesia  on 

the tai l-f l ick and j u m p  tests fo l lowing  morphine  adminis-  

tered into the PAG.  Since  N M D A  antagonists  may  poten-  

tially exert  their  effects  by diffusing into structures outside 

o f  the inject ion area (Nass t rom et al. 1993a,b), addit ional  

groups o f  rats wi th  misplaced  medul lary  cannulae a imed 

dorsal and lateral to the R V M  were  tested in the same 

paradigm. 

Materials and methods 

Subjects, surgery and histology 
Adult male albino Sprague-Dawley rats (Charles River Laboratories, 

Wilmington, MA; 80-120 days of age) were housed individually and 
maintained on a 12-h light/dark cycle with food and water available ad 
libitum. Following anesthesia with chlorpromazine (3 mg/kg, i.p.) and 
ketamine HC1 (100 mg/kg, i.m.), two stainless steel guide cannulae (26 
gauge, Plastic Products, Roanoke, VA) were placed stereotaxically (Kopf 
Instruments) into the PAG and RVM of rats (Bodnar et al. 1988; Kiefel et 
al. 1992a,b, 1993). Stereotaxic coordinates were: incisor bar ( - 5  mm), 
PAG: 0.3-0.6 mm anterior to the lambda suture, 1.5-2.0 mm lateral to 
the sagittal suture, 6.5-7.0 mm from the top of the skull, and angled 
towards the sagittal suture at 12 °, and RVM: 10.8-11.3 posterior to the 

bregma suture, 0-0.7 mm lateral to the midline, and 10.0-11.0 mm from 
the top of the skull. An additional control group was stereotaxically 
implanted with cannuale aimed at the PAG and medullary placements 
that were lateral (1.5-2.0 mm lateral to the midline) and dorsal (9.5-10.0 
mm from the top of the skull) to the RVM. Cannulae were secured to 
anchor screws with dental acrylic. All animals were allowed 1 week to 
recover and clear anesthetic. After testing, cannulae placements were 
examined in anesthetized (Euthanasia, H. Schein) rats who received a 
trans-cardiac perfusion with 0.9% normal saline followed by 10% buffered 
formalin. Coronal (40 /xm) sections, stained with Cresyl violet were 
examined by light microscopy by an observer unfamiliar with the behav- 
ioral data; only animals with confirmed cannulae placements were in- 
cluded in the data analyses. 

Nociceptive tests 
In a given session, each animal was tested on the tail-flick and jump 

tests in that order to minimize carryover effects between tests. A tail-flick 
analgesiometer (IITC) produced a radiant heat source that was mounted 8 
cm above a photocell upon which the rat's tail was placed. Radiant heat 
was applied 3-9 cm proximal to the tip of the rat's tail; removal of the 
tail activated the photocell and determined the latency (0.01 sec accuracy). 
The thermal intensity of the radiant heat source was set to produce 
baseline tail-flick latencies between 2 and 3.5 sec. Each session consisted 
of 3 latency determinations at different points on the tail at 10-sec 
intertrial intervals. To avoid tissue damage, a trial was automatically 
terminated if a response did not occur within 12 sec. Rats were tested on 
the jump test immediately after tail-flick testing. Electric shook was 
delivered to the feet of the rat by a shock generator (BRS/LVE) and 
shock scrambler (Campden Instruments). The jump threshold was defined 
in milliamperes as the lowest of two consecutive ascending intensities in 
which the animal simultaneously removed both hindpaws from the grids. 
Each of six trials began with the animal receiving a 300-msec footshook 
at a current intensity of 0.10 mA with subsequent shocks increased in 
0.05 mA steps at 10-sec intervals until the jump threshold was deter- 
mined. Baseline latencies and thresholds were determined for at least 4 
days before experimental testing began to insure stability of responding. 
All animals displayed consistent latencies and thresholds in baseline and 
vehicle testing that did not appear subject to desensitization. 

Drugs 
All microinfusions were administered in 1 ~1 volumes at a rate of 0.2 

/zl every 10 sec through a stainless steel internal cannula (33 gauge, 
Plastic Products) which was connected to a Hamilton microsyringe by 
polyethylene tubing. Morphine (Pennick Labs), MK-801 (Research Bio- 
chemicals, MW = 383.7) and AP7 (Research Biochemicals, MW = 225.2) 
were dissolved in normal saline. CNQX (Research Biochemicals, MW = 
232.2) was dissolved in 45% (w/v) aqueous 2-hydroxypropyl-/3-cyclo- 
dextrin buffer (Research Biochemicals) in distilled water. Medullary 
microinjections of the antagonists preceded mesencephalic microinjec- 
tions by 20 min. 

Protocols 
Separate groups of rats received a maximum of five pairs of microin- 

jection conditions at weekly intervals. Tail-flick latencies and jump 
thresholds were determined at 30, 60, 90 and 120 min following the 
second microinjection of each pair. Table I summarizes the treatments, 
doses and sample sizes used to assess the effects of either MK-801 (A), 
AP7 (B) or CNQX (C) administered into the RVM upon morphine 
analgesia elicited from the PAG, while the D section summarizes treat- 
ments of control rats with medullary placements lateral and dorsal to the 
RVM. Higher doses of CNQX could not be used because of solubility 
problems and limitations to a 1 ~l volume. Animals receiving particular 
antagonist doses were matched on the basis of their basal nociceptive 
latencies and thresholds as well as the degree of mesencephalic morphine 
analgesia. A morphine dose of 2.5 p.g was chosen because of its 



TABLE I 

SUMMARY OF EXPERIMENTAL GROUPS 

The control group had medullary placements that were lateral or dorsal to 
the RVM. RVM = rostral ventral medulla; PAG = periaqueductal gray. 

RVM condition PAG condition n 

A: MK-801 group 
Vehicle Vehicle 6 
Vehicle Morphine (2.5/xg) 6 
MK-801 (0.03/xg) Morphine (2.5 ~g) 6 
MK-801 (0.3/.tg) Morphine (2.5/zg) 6 
MK-801 (3.0 ~g)  Morphine (2.5 p,g) 6 
MK-801 (3.0/zg) Vehicle 6 

B: AP7 group 
Vehicle Vehicle 9 
Vehicle Morphine (2.5/zg) 9 
AP7 (0.01 p.g) Morphine (2.5 ~tg) 8 
AP7 (0.1 /xg) Morphine (2.5/.tg) 8 
AP7 (1.0/xg) Morphine (2.5/.Lg) 9 
AP7 (1.0/~g) Vehicle 8 

C: CNQX group 
Vehicle Vehicle 6 
Vehicle Morphine (2.5/xg) 6 
CNQX (0.5/xg) Morphine (2.5/xg) 6 
CNQX (0.5/xg) Vehicle 6 

D: Control group 
Vehicle Vehicle 5 
Vehicle Morphine (2.5 p,g) 5 
MK-801 (3/~g) Morphine (2.5/zg) 5 
AP7 (1 /xg) Morphine (2.5/zg) 5 
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significant, but not maximal analgesic effects following PAG microinjec- 
tion, and the weekly interval between conditions minimized possible 
tolerance effects (e.g., Bodnar et al. 1988; Kiefel et al. 1992a,b, 1993). 

Statistical analyses 
Analyses of variance indicated that significant differences in latencies 

and thresholds failed to occur between baseline and vehicle-vehicle 
conditions (data not shown); the latter were used for subsequent compar- 
isons with agonist and antagoni:st effects. Separate split-plot analyses of 
variance were performed for each of the antagonist and control protocols. 
Each split-plot analysis of variance assessed significant effects among 
conditions (between-groups factor) and across the time course (within- 
groups factor) with Dunnett comparisons ( P  < 0.05) determining mor- 
phine analgesia relative to vehicle/vehicle treatment. Duma comparisons 

Fig. 1. The top panel is a representative photomicrograph of a mesen- 
cephalic cannula placement in tile ventrolateral quadrant of the periaque- 
ductal gray (PAG) which elicited analgesia following morphine microin- 
jections. The middle panel is a representative photomicrograph of a 
medullary cannula placement in the nucleus raphe magnus (RMg)/nucleus 
reticularis gigantocellularis par.,; alpha (GiA) through which excitatory 
amino acid antagonists significantly reduced mesencephalic morphine 
analgesia. The bottom panel is a representative photomicrograph of a 
medullary cannula placement dorsal to the nucleus of the seventh cranial 
nerve (VII) through which excitatory amino acid antagonists failed to 
alter mesencephalic morphine analgesia, aq: cerebral aqueduct; IV: nu- 
cleus of the fourth cranial nerve; py: pyramidal tract. The bar denoted in 

the bottom panel = 500/xm. 
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( P  < 0.05) determined antagonist effects relative to veh i c l e /  morphine 
treatment. 

Results 

Histological verifications 
Mesencephalic cannula placements were all localized in 

the lateral, ventral and ventrolateral quadrants of the PAG 
and immediately adjacent tegmentum as far rostral as the 
III cranial nerve nucleus and as far caudal as the dorsal 
raphe nucleus. The top panel of Fig. 1 is a representative 
photomicrograph of a PAG placement. RVM cannula 
placements were localized in either the NRM, NRGC or 
NRGC, pars alpha as far rostral as the genu of the VII 
cranial nerve and as far caudal as the nucleus of the VII 
cranial nerve. Misplaced medullary cannula placements 
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Fig. 2. Alterations in tail-flick latencies (left panel) and jump thresholds 
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Fig. 3. Alterations in latencies (left panel) and thresholds (right panel) in 
rats microinjected with vehicle (control) or morphine in the PAG 20 min 
after pretreatment with AP7 at doses of  0, 0.01, 0.1 or 1 (7.8 nmol)  /zg 

microinjected into the RVM. 

were localized along the rostro-caudal extent of RVM 
placements, but were located lateral and dorsal to this area. 
The middle and bottom panels of Fig. 1 are representative 
photomicrographs of proper and misplaced RVM place- 
ments, respectively. There was both anatomical overlap 
and similar analgesic potency for mesencephalic cannula 
placements of rats with RVM and misplaced medullary 
cannula placements. 

RVM MK-801 and mesencephalic morphine analgesia 
Significant differences were observed among conditions 

(tail-flick: /:5,30 = 20.65, P < 0.0001; jump: F = 12.02, 
P < 0.0001), across times (tail-flick: F3,90 = 19.57, P < 
0.0001; jump: F = 1.60, ns) and for their interaction (tail- 
flick: F15,90 = 4.09, P < 0.0001; jump: F = 3.94, P < 
0.0001). PAG morphine significantly increased latencies 
(30-120 min, Fig. 2A) and thresholds (30-90  min, Fig. 
2B). In rats receiving RVM microinjections of the lowest 
(0.03/zg, 0.08 nmol) and highest (3/xg, 7.8 nmol) MK-801 



doses, mesencephalic morphine analgesia was significantly 
reduced across the time course on the tail-flick test to 

within vehicle-vehicle levels. RVM microinjections of the 
middle (0.3 /,~g, 0.8 nmol)  MK-801 dose significantly 
reduced mesencephalic  morphine analgesia only after 30 
min on the tail-flick test. Al l  MK-801 doses in the RVM 
significantly reduced mesencephalic morphine analgesia 
across the time course on the jump test to within the range 
of  vehicle-vehicle values. MK-801 (3 /zg) in the RVM 
significantly decreased basal jump thresholds (30 -60  min), 
but not basal tail-flick latencies relative to vehicle-vehicle 
values. 

RVM AP7 and mesencephalic morphine analgesia 
Significant differences were observed among conditions 

(tail-flick: F5.48 = 9.64, P < 0.0001; jump: F = 30.14, P 
< 0.0001), across times (tail-flick: /73,144 = 42.11, P < 
0.0001; jump F = 26.51, P < 0.0001) and for their interac- 

tion (tail-flick: F15,144 = 7.57, P < 0.0001; jump: F = 
10.13, P < .0001). P A G  morphine significantly increased 
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TABLE II 

ALTERATIONS IN MESENCEPHALIC MORPHINE ANALGESIA BY 
PRETREATMENT OF EITHER MK-801 OR AP7 IN MEDULLARY 
SITES LATERAL AND DORSAL TO THE ROSTRAL VENTRAL 
MEDULLA 

Veh = Vehicle; Mor = Morphine (2.5 /xg); MK-801 = (3 /zg); AP7 = (1 
/xg). The first injection was administered into the misplaced medullary 
placement and the second injection was administered into the periaque- 
ductal gray. 

Condition Post-injection time (min) 

30 60 90 120 

Tail-flick latencies (see) 
Veh/Veh 3.25 2.64 3.12 3.05 
Veh/Mor 12.00 * 10.51 * 7.29 * 3.75 
MK-801/Mor 12.00 * 11.24 * 6.47 * 4.88 * 
AP7/Mor 12.00 * 10.80 * 7.82 * 4.41 
Jump Thresholds (mA) 
Veh/Veh 0.363 0.338 0.343 0.358 
Veh/Mor 0.930 * 0.828 * 0.703 * 0.608 * 
MK-801/Mor 0.785 * + 0.726 * + 0.583 * + 0.525 * 
AP7/Mor 0.833 * + 0.750 * 0.600 * + 0.507 * + 

* Significant difference relative to corresponding Veh/Veh (Dunnett 
comparison, P < 0.05). 

+ Significant difference relative to corresponding Veh/Mor (Dunn com- 
parison, P < 0.05). 

latencies (Fig. 3A) and thresholds (Fig. 3B) for up to 90 
min. In rats receiving RVM microinjections of  the middle 
(0.1 /xg, 0.4 nmol) and highest (1 ~g ,  4.4 nmol) AP7 
doses, mesencephalic morphine analgesia was significantly 
reduced for up to 60 min on the tail-flick test; the low 
(0.01 /xg, 0.04 nmol) AP7 dose failed to exert effects. 
Whereas RVM microinjections of  the middle and highest 
AP7 doses significantly reduced mesencephalic morphine 
analgesia across the time course on the jump test, the low 
AP7 dose significantly reduced mesencephalic morphine 
analgesia after 90 and 120 min. RVM microinjections of 
AP7 failed to alter basal latencies or thresholds. 

RVM CNQX and mesencephalic morphine analgesia 
Significant differences were observed among conditions 

(tail-flick: F3,20 = 41.94, P < 0.0001; jump: F = 42.13, 
P < 0.0001), across times (tail-flick: F3,60 = 32.78, P < 
0.0001; jump: F = 15.46, P < 0.0001) and for their inter- 
action (tail-flick: F9,60 = 10.80, P <  0.0001; jump: F =  
8.58, P < 0.0001). PAG morphine significantly increased 
latencies (30 -90  min, Fig. 4A) and thresholds (30 -120  
min, Fig. 4B). While  RVM microinjections of  CNQX (0.5 
/xg, 2.2 nmol) failed to alter mesencephalic morphine 
analgesia on the tail-flick test, it produced small but signif- 
icant reductions in mesencephalic morphine analgesia for 
up to 90 min on the jump test. 

Mesencephalic morphine analgesia and NMDA antago- 
nists in control placements 

Significant differences were observed among conditions 
(tail-flick: FaA 6 = 37.29, P < 0.0001; jump: F = 17.40, 
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P < 0.0001), across times (tail-flick: F3,48 = 88.93, P < 
0.0001; jump: F = 45.98, P < 0.0001) and for their inter- 
action (tail-flick: F9,48 = 10.74, P < 0.0001; jump: F = 
5.25, P < 0.0001). PAG morphine significantly increased 
latencies (30-90 min) and thresholds (30-120 min) (Table 
II). RVM microinjections of the highest MK-801 or AP7 
doses failed to significantly alter mesencephalic morphine 
analgesia on the tail-flick test, but produced small, but 
significant reductions in analgesia on the jump test. 

Discussion 

The present study found that RVM administration of 
either the non-competitive (MK-801) or competitive (AP7) 
NMDA antagonist significantly inhibited mesencephalic 
morphine analgesia. Mesencephalic morphine analgesia 
was eliminated by MK-801 on both tests, and was potently 
reduced by AP7. These effects were highly selective for 
three reasons. First, if either MK-801 or AP7 was microin- 
jected into medullary cannula placements that were lateral 
and dorsal to the RVM, they failed to alter mesencephalic 
morphine analgesia on the tail-flick test, and produced 
small, but significant reductions on the jump test. This 
control suggests that the inhibitory actions of MK-801 and 
AP7 upon mesencephalic morphine analgesia are acting 
largely at the RVM injection sites, and not non-specifically 
through diffusion (e.g., see Nasstrom et al. 1993a,b). Sec- 
ond, RVM microinjections of the highest MK-801 dose 
failed to alter basal latencies, but produced small, but 
significant reductions in basal thresholds. However, the 
magnitude of this hyperalgesia could not account for the 
observed reductions in mesencephalic morphine analgesia. 
Further, RVM microinjections of the highest AP7 dose 
failed to alter basal latencies or thresholds. These data 
indicate that the reductions in mesencephalic morphine 
analgesia were not the result of offsetting hyperalgesic 
properties of NMDA antagonists in the RVM. Third, RVM 
microinjection of the AMPA/kainate antagonist, CNQX 
failed to alter mesencephalic morphine analgesia on the 
tail-flick test, but produced small, but significant reduc- 
tions in mesencephalic morphine analgesia on the jump 
test. However, the CNQX effects were less than competi- 
tive or non-competitive NMDA antagonist effects even 
though the doses were of comparable molecular weights. 
This control suggests specificity in EEA receptor antago- 
nist effects in the RVM upon mesencephalic morphine 
analgesia. 

Administration of either L-glutamate or aspartate elicits 
analgesia from several brain sites, including the PAG 
(Behbehani and Fields 1979; Jacquet 1988; Siegfried and 
Nunes de Souza 1989) and RVM (Satoh et al. 1983b; 
Jensen and Yaksh 1984a,b; vanPraag and Frenk 1990; 
McGowan and Hammond 1993a,b). A subset of 
glutamate-containing and asparatate-containing cells in the 
PAG (Clements et al. 1987) project to the RVM (Wiklund 

et al. 1988; Beitz 1990). EAA transmitters and receptors 
modulate analgesic responses within and between the PAG 
and RVM. Whereas analgesia elicited by PAG NMDA was 
reduced by PAG AP7 (Jacquet 1988), analgesia elicited by 
PAG glutamate was reduced by PAG PCB, but not APV 
(vanPraag and Frenk 1990). Intracerebroventricular (i.c.v.) 
administration of MK-801 and CNQX also produce differ- 
ential effects upon different forms of i.c.v, opioid analgesia 
in mice (Suh et al. 1995a,b). Whereas i.c.v. MK-801 
blocked analgesia elicited by i.c.v, mu (morphine), kappa 1 
(U50488H) and delta 1 (D-Pen 2, o-PenS-enkephalin: 
DPDPE) agonists, but not beta-endorphin analgesia, i.c.v. 
CNQX only blocked morphine analgesia, but not analgesia 
elicited by U50488H, DPDPE or beta-endorphin. 

VanPraag and Frenk (1990) previously demonstrated 
that RVM administration of either PCB or APV signifi- 
cantly reduced PAG morphine analgesia. Since PCB was 
more potent on a molar basis than APV in exerting these 
effects, and since PCB, but not APV blocked RVM gluta- 
mate analgesia, it appeared that the kainate/quisqualate 
receptor subtype was primarily responsible for EAA modu- 
lation of analgesic responses in the RVM. The present 
study came to a different conclusion based upon the potent 
effectiveness of either competitive (AP7) or non-competi- 
tive (MK-801) NMDA receptor antagonists in the RVM to 
block PAG morphine analgesia as compared to RVM 
microinjections of CNQX, a selective AMPA/kainate an- 
tagonist. There were several procedural and methodologi- 
cal differences between studies, vanPraag and Frenk (1990) 
utilized a high (10 /~g) dose of morphine in the PAG that 
elicited maximal analgesia at a short (7 sec) cut-off latency 
immediately after opiate administration. In contrast, our 
laboratory used a smaller (2.5 /xg) dose of morphine 
analgesia in the PAG that produced pronounced, yet sub- 
maximal analgesia (Bodnar et al. 1988; Smith et al. 1988; 
Kiefel et al. 1992a,b, 1993; Rossi et al. 1993, 1994; Urban 
and Smith 1993, 1994). Further, we used two nociceptive 
tests with higher cut-off latencies and thresholds across a 
far longer (120 min) time course. Whereas the former 
procedure yields maximal analgesia that may be somewhat 
impervious to physiological manipulations, the latter pro- 
cedure yields potent analgesia which can be more sensitive 
to alterations induced by physiological manipulations (e.g., 
Kiefel et al. 1992a,b, 1993; Urban and Smith 1993). This 
is consistent with the dose range of EAA antagonists 
employed in the two studies. Whereas micromolar doses of 
PCB and APV in the RVM were needed to elicit reduc- 
tions of 50-70% of PAG morphine (10 /xg) analgesia 
(vanPraag and Frenk 1990), low nmol doses of MK-801 
and AP7 in the RVM were capable of virtually eliminating 
PAG morphine (2.5/zg) analgesia. Further, these far lower 
doses of EAA antagonists failed to exert effects when the 
medullary placement was dorsal and lateral to the RVM. It 
is unknown whether diffusion factors of the far higher 
EAA antagonist doses (see Nasstrom et al. 1993a,b) may 
have produced some of the effects found by vanPraag and 



Frenk (1990). Given these provisos, it appears that EAA 
transmitters and receptor,; modulate supraspinal analgesic 
processes in general, and that NMDA receptors in the 
RVM modulate morphine analgesia elicited from the PAG 
in particular. 

The integrity of the RVM is important for the full 
expression of analgesic responses elicited from the PAG 
based upon lesion studies (Behbehani and Fields 1979; 
Mohrland et al. 1982; Prieto et al. 1983; Morton et al. 
1984) and administration of reversible neuronal blocking 
agents (Proudfit 1980; Gebhart et al. 1983; Sandkuhler and 
Gebhart 1984; Urban and Smith 1994). The neurochemical 
substrates mediating mesencephalic morphine analgesia in 
the RVM are complex, and include GABA (Heinricher et 
al. 1991; McGowan and Hammond 1993a,b), serotonin 
(Kiefel et al. 1992a,b), opioids (Heinricher et al. 1992; 
Morgan et al. 1992; Kiefel et al. 1993; Heinricher et al. 
1994) and neurotensin (Urban and Smith 1993). The pre- 
sent and previous (Aimone and Gebhart 1986; vanPraag 
and Frenk 1990) studies indicate that EAA transmitters 
and receptors in the RVM are involved in the modulation 
of opioid analgesic processing from the PAG as well. 
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