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Abstract 

Despite the important contribution of the midbrain periaqueductal gray (PAG) to endogenous 
pain suppression systems, little is known about the neuroanatomical basis of its functional organi- 
zation. In a previous study of the distribution of the endogenous opiate leucine-enkephalin (ENK) 
in the PAG (Moss, M. S., E. J. Glazer, and A. I. Basbaum (1983) J. Neurosci. 3: 603-616), we found 
that immunoreactive ENK-containing neurons and terminals are clustered in discrete populations. 
In this study we have extended our analysis of the neurochemical organization of the PAG by using 
immunocytochemistry to map the distribution of two non-opiate peptides that produce potent 
analgesia when administered at central gray levels: substance P (Sub P) and vasoactive intestinal 
polypeptide (VIP). 

Immunoreactive Sub P neurons and terminal fields are clustered in discrete populations through- 
out the PAG. The distribution pattern of these populations changes at different rostral-caudal levels 
of the PAG. For example, there is a ventral-to-dorsal shift in the location of Sub P-like immuno- 
reactivity from the caudal to the rostra1 PAG. Few immunoreactive Sub P neurons are found in the 
nucleus raphe dorsalis although moderately dense terminal field staining is present. 

The staining pattern of immunoreactive VIP is totally different from that of Sub P. Regardless of 
the rostral-caudal level examined, VIP-containing neurons are found tightly clustered in the 
subependymal neuropil of the ventromedial PAG. Only a few immunoreactive VIP-containing 
neurons are found in the ventral PAG or nucleus raphe dorsalis. 

The striking differences between the distribution of Sub P- and VIP-like immunoreactivity in the 
PAG indicates that the neural circuitry underlying pain suppression by Sub P and VIP may also 
differ. 

The periaqueductal gray (PAG) is a component of an 
endogenous pain suppression system that has been im- 
plicated in stimulation-produced and opiate analgesia 
(Basbaum, et al., 1976,1977,1978; Mayer and Price, 1976; 
Lewis and Gebhart, 1977; Yeung et al., 1977; Basbaum 
and Fields, 1978, 1979; Fields and Anderson, 1978; Oliv- 
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eras et al., 1979). Despite the important contribution of 
the PAG to pain suppression systems, studies are only 
beginning to dissect the complex neuroanatomical basis 
of the PAG’s functional organization. In a previous paper 
(Moss et al., 1983) we described the PAG distribution of 
the endogenous opiate peptide, leucine-enkephalin 
(ENK). Immunoreactive ENK-containing neurons and 
terminal fields are clustered in discrete populations; the 
distribution of this clustered pattern changes at different 
rostral-caudal PAG levels. These results illustrated the 
heterogeneity of the PAG’s neurochemical organization 
and provided clues to the differential sensitivity of the 
various regions of the PAG to opiate microinjection. 

In addition to the endogenous opiates, the non-opioid 
peptides substance P (Sub P) (Stewart et al., 1976; Fred- 
erickson et al., 1978; Malick and Goldstein, 1978; Mohr- 
land and Gebhart, 1979; Sullivan and Pert, 1981; Naranjo 
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et al., 1982) and vasoactive intestinal polypeptide (VIP) 
(Sullivan and Pert, 1981) also generate a profound anal- 
gesia when injected either intraventricularly or directly 
into the PAG. These two peptides are of particular inter- 
est because they generate, respectively, a naloxone-sen- 
sitive and a naloxone-insensitive analgesia. Thus a com- 
parison of the degree of overlap of the distribution pat- 
terns of these two peptides may provide some informa- 
tion on the inter-relationships of opiate and non-opiate 
peptides in endogenous pain control mechanisms. 

As part of our continuing effort to define the neuro- 
chemical organization through which the PAG initiates 
or modulates pain suppression, we have mapped the 
distribution of both immunoreactive Sub P- and VIP- 
containing neurons and terminal fields throughout the 
PAG. We found that the distribution of Sub P and VIP, 
like that of ENK, is not homogeneous. While there are 
considerable similarities in the distribution of Sub P and 
ENK immunoreactivity, the staining pattern for VIP is 
totally different. Preliminary results of this work have 
been reported previously (Moss et al., 1980; Moss and 
Basbaum, 1982). 

Materials and Methods 

Eleven adult cats were used for this study. To enhance 
perikaryal labeling, several of the animals received a 
third ventricle injection of colchicine (Sigma Chemical 
Co.; 5 ~1, 20 pg/pl) 24 to 48 hr before sacrifice. Cats were 
anesthetized and perfused with a 37°C solution of 0.1 M 

phosphate-buffered saline (pH 7.4) containing 0.1% hep- 
arin. This was followed immediately by a 4°C solution 
consisting of 4% paraformaldehyde and 0.2% glutaralde- 
hyde in 0.1 M phosphate buffer containing 4% sucrose. A 
postwash of fresh, cold phosphate buffer containing 4% 
sucrose was administered approximately 30 min after the 
perfusion of the fixative. The brain was immediately 
removed and stereotaxically blocked. The midbrain was 
serially sectioned at 100 pm, using a Vibratome, or at 50 
pm, using a freezing microtome, or was embedded in 
paraffin and sectioned at 30 to 50 pm. 

Sub P-like and VIP-like immunoreactivity was local- 
ized on representative sections at 150- to 400~pm intervals 
using the peroxidase-antiperoxidase (PAP) method 
(Sternberger, 1974). To enhance antibody penetration, 
Vibratome and frozen sections were pre-incubated in a 
sodium ferricyanide/methanol solution (Straus, 1976) or 
0.3% Triton X-100 was added to all solutions. Sections 
were incubated in primary antisera for 48 hr at 4°C. 
Bridging antisera and PAP incubations were at least 30 
min in duration, at room temperature. The PAP reaction 
product was visualized using 3,3’-diaminobenzidine as the 
chromagen. 

To establish histochemical specificity, adjacent control 
sections were incubated either in Sub P antisera 
(ImmunoNuclear Corp.) preabsorbed with an excess of 
Sub P (Sigma) (100 pg/rnl of diluted antisera) or in VIP 
antisera (Dr. J. Walsh, University of California, Los 
Angeles) preabsorbed with excess VIP (Sigma) (200 vg/ 
ml of diluted antisera). Both Sub P and VIP staining 
were abolished in the respective control sections. Al- 
though the terms “Sub P-like” and “VIP-like immuno- 

reactivity” are not used consistently throughout this 
report, they are at all times implied. Some portion of the 
immunoreactivity demonstrated with the antisera to Sub 
P and VIP may be due to other unknown peptides with 
similar sequences. 

Pretreatment with colchicine was necessary to visual- 
ize the Sub P perikarya in the PAG. Although colchicine 
was always administered via third ventricle injections, 
differences in cell labeling suggest that its penetration 
into the surrounding neuropil varied from animal to 
animal. This probably resulted from variations in cere- 
brospinal fluid (CSF) flow or from diffusion barriers set 
up by axonal tracts. Therefore, it was essential that we 
compare the perikaryal labeling from several animals. In 
contrast, some VIP perikarya in the PAG could be visu- 
alized without colchicine pretreatment. Colchicine pre- 
treatment increased the number of immunoreactive VIP 
neurons at each level, but the distribution pattern of the 
neurons did not change. 

The distribution of the labeled perikarya and terminal 
fields was plotted on projection drawings of appropriate 
sections from several animals. The results from the pro- 
jection drawings were collated and plotted on represent- 
ative sections through the PAG. This was done to reduce 
variability among the different animals due to slight 
differences in the plane of sectioning and/or colchicine 
penetration. 

The schematic drawings and nuclear designations used 
in this study are derived from the atlases of Berman 
(1968), Mehler and Nauta (1958), and Taber (1961). 

Results 

To facilitate the description of the distribution of Sub 
P and VIP immunoreactivity, the PAG will be divided 
into three major rostral-caudal regions. Caudal PAG (Fig. 
1) includes levels from the dorsal tegmental nucleus to a 
level just caudal to the IV nerve nucleus. Mid-PAG (Fig. 
2) extends from the level of the IV nerve nucleus to the 
level of the nucleus of Edinger-Westphal. Rostra1 PAG 
(Fig. 3) includes levels from the posterior commissure to 
the periventricular gray. To complete the analysis, the 
distribution of Sub P and VIP immunoreactivity in the 
midbrain nucleus raphe dorsalis is also described. 

Sub P 

Nucleus raphe dorsalis (Figs. 1 and 2). Several Sub P- 
containing perikarya are found within the cytoarchitec- 
tural boundaries (Taber, 1961) of the nucleus raphe dor- 
salis. Most are found in the lateral wings of the nucleus, 
at the level of the IV nerve nucleus. The densest Sub P 
terminal field staining is located in more dorsal regions 
of the nucleus and along its midline (Fig. 4 C). 

Caudal PAG (Fig. 1). In the caudal central gray, at 
the level of the dorsal tegmental nucleus of Gudden 
(DTN), Sub P perikarya are seen in the ventrolateral 
PAG. Just caudal to the IV nerve nuclei, this distribution 
changes; Sub P neurons are now predominantly found in 
the lateral PAG, adjacent to the aqueduct. Scattered Sub 
P-containing neurons are also located adjacent to the 
nucleus raphe dorsalis and in the dorsal PAG. 

Sub P terminal field staining is densest in a ring around 
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Figure 1. Caudal PAG levels 
Figures 1 to 3. Drawings of representative sections through the PAG illustrating the distribution of Sub P-containing perikarya 

(stars) and terminals (cross-hatching, ranging in density from 0 to 3). CS, centralis superior; Gun, nucleus cuneiformis; DTN, 
dorsal tegmental nucleus of Gudden; E W, Edinger-Westphal nucleus; Hb, habenulae; IF’, interpeduncular nucleus; LGB, lateral 
geniculate; LI, linearis intermedius; LR, linearis rostralis; Mes V, mesencephalic tract of V nerve; MLF, medial longitudinal 
fasiculus; Post C, posterior commissure; Pulu, pulvinar; RD, raphe dorsalis; RN, red nucleus,VTN, ventral tegmental nucleus of 
Gudden: 111. third nerve nucleus, IV, fourth nerve nucleus. Mes V, MLF, and the Hb-interpeduncular tract are indicated by 
diagonkl hatching. 

the aqueduct and in the ventrolateral (Fig. 4A) and 
dorsal PAG. The nucleus cuneiformis also contains ter- 
minal labeling, but no Sub P cell bodies are seen. 

Mid-PAG (Fig. 2). At all mid-PAG levels, the popula- 
tion of Sub P neurons in the lateral PAG is still present. 
At the levels of the III and IV nerve nuclei (Fig. 5), this 
lateral cell population is still located adjacent to the 
aqueduct. With the appearance of the Edinger-Westphal 
(EW) nucleus, however, this Sub P cell cluster shifts 
outward, away from the aqueduct, toward the lateral 
perimeter of the PAG. Another prominent population of 
Sub P perikarya is located in the dorsal PAG. It extends 
dorsally, away from the aqueduct, along the midline, and 
then sweeps outward toward the dorsolateral PAG. Many 
Sub P neurons are also found in the EW nucleus (Fig. 6). 

The distribution of Sub P terminal fields at mid-PAG 
levels is similar to that observed more caudally; dense 
patches of labeling are still found in the dorsal PAG and 

in the dorsolateral PAG. However, the ventrolateral PAG 
no longer contains terminal staining. A ring of dense 
terminal staining around the aqueduct is also present 
(Fig. 4B) and is quite prominent in the lateral PAG, 
fanning outward from the aqueduct. 

Rostra1 PAG (Fig. 3). The distribution of Sub P-con- 
taining neurons and terminal fields at the level of the 
posterior commissure is similar to that observed at mid- 
PAG levels. There are two principal Sub P neuronal 
populations: one is located in the lateral PAG (away from 
the aqueduct), and the other is found in the dorsal- 
dorsolateral PAG (Fig. 7). Sub P perikarya are also found 
in the cap of PAG neuropil situated dorsal to the poste- 
rior commissure. Terminal field staining is densest in the 
lateral PAG, adjacent to the aqueduct, and overlaps the 
distribution of the cell bodies in the dorsal-dorsolateral 
PAG. 

Sub P neurons and terminals are also found in the 
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Figure 2. Mid-PAG levels 

rostral continuation of the PAG, i.e., the periventricular 
gray. In some animals it seemed that the dorsal periven- 
tricular gray contained slightly more Sub P immunoreac- 
tivity than did the ventral periventricular gray. 

VIP 

Regardless of the rostral-caudal level examined, VIP- 
containing neurons are found tightly clustered in the 
subependymal neuropil of the ventromedial PAG (Fig. 
8). The largest number of subependymal VIP perikarya 
are located in the mid-PAG, at the levels of the III and 
IV nerve nuclei (Fig. 8, B and C). Scattered VIP neurons 
are also found in the ventral PAG at these levels and in 
the raphe dorsalis. Although immunoreactive VIP-like 
cells are found in the rostral PAG and periventricular 
gray, no VIP cells were seen in the most caudal region of 
the PAG, at the level of the dorsal tegmental nucleus of 
Gudden. 

Terminal field labeling, when present, was limited to 
the ventral and ventrolateral PAG. Staining was sparse 
and more often consisted of scattered beaded varicosities 
than well defined regions of terminal field staining. Many 

VIP-labeled processes (possibly axonal or dendritic) ar- 
borize within the subependymal neuropil. Several fibers 
entered the ependymal layer, but they could not be 
followed to their termination. 

Discussion 

As we found previously for ENK (Moss et al., 1983), 
immunoreactive Sub P and VIP neuronal and terminal 
field staining is concentrated in several discrete regions 
throughout the rostra&caudal extent of the PAG. Al- 
though ENK and Sub P have similar distributions, VIP 
staining is completely different. 

The cat PAG has been subdivided into various nuclear 
regions based on Nissl- and Golgi-stained material (Ham- 
ilton, 1973; Liu and Hamilton, 1980). Despite the varia- 
tions in cell body shape and dendritic branching patterns 
exhibited by the immunoreactive Sub P- and VIP-labeled 
neurons, it was not possible to draw analogies to the 
previously described cytoarchitectural subdivisions. Nev- 
ertheless, the presence of discrete populations of Sub 
P-, VIP-, and ENK (Moss et al., 1983)~immunoreactive 
neurons in the PAG is consistent with the conclusions of 
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Figure 4. The distribution of Sub P terminal fields in (A) ventrolateral PAG at the level of the dorsal tegmental nucleus of 
Gudden (X 88), (B) lateral PAG at the level of the III nerve nucleus (X 88), and (C) raphe dorsalis at caudal PAG levels (X 63). 
Aq, aqueduct of Sylvius; Mes V, mesencephalic tract of V nerve; MLF, medial longitudinal fasciculus. 

Hamilton and co-workers that the PAG is not a homo- 
geneous structure. 

Several aspects of the staining pattern of Sub P and 
ENK perikarya (Moss et al., 1981, 1983) are remarkably 
similar. Particularly comparable are the ventral-to-dorsal 
shift in these peptide-containing neuronal populations 
from caudal to rostra1 PAG, and the shift away from the 
aqueduct, toward the perimeter of the PAG, which char- 
acterizes the lateral neuronal populations. The closest 
degree of overlap of Sub P- and ENK-immunoreactive 
neuronal populations occurs at the more rostra1 levels of 
the PAG. There are differences, however, in the staining 
pattern of ENK and Sub P cells. For example, although 
there are many ENK-containing neurons in the caudal 
ventrolateral PAG and the nucleus raphe dorsalis, few 
Sub P cells are present in these areas. In addition, at all 
PAG levels the individual populations of Sub P neurons 

are more extensive than those of the ENK cells; that is, 
Sub P neuronal populations contain more cells and/or 
are more widely distributed. 

Given that Sub P-like and ENK-like immunoreactivity 
coexist in some avian PAG neurons (Erichsen et al., 
1982), it is possible that the overlapping distribution of 
Sub P and ENK neurons in the cat PAG reflects the 
coexistence of these putative transmitters in individual 
neurons. It is of interest, however, that the reported area 
of maximum coexistence in the avian brain is in the EW 
nucleus. Although the cat EW nucleus contains many 
Sub P cells, it does not contain ENK perikarya. 

Just as the distribution patterns of Sub P and ENK 
cell populations are similar, so the Sub P terminal field 
staining in the PAG follows the pattern seen for ENK 
terminal field labeling. This is evident at the level of the 
III nerve nucleus where the densest terminal field stain- 
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Figure 5. Sub P neurons and terminals in the lateral PAG at the level of the IV nerve nucleus (X 88). Aq, aqueduct of Sylvius. 

ing of Sub P immunoreactivity is located in the lateral 
PAG, adjacent to the aqueduct, and in the dorsal and 
dorsolateral PAG. At all levels, however, Sub P terminal 
field staining is consistently more dense around the aq- 
ueduct than is the ENK terminal staining. As described 
above, many immunoreactive ENK-labeled neurons are 
found in the caudal ventrolateral PAG and in the nucleus 
raphe dorsalis, whereas few Sub P cells are seen. Never- 
theless, very dense Sub P and ENK terminal labeling is 
found in both areas. 

It is of interest to note that the populations of immu- 
noreactive Sub P- and ENK-labeled cells and terminals 
in the dorsal region of the mid-PAG overlap the distri- 
bution of PAG neurons that project to the nucleus raphe 
magnus (NRM) (Abols and Basbaum, 1981). The NRM 
is an important component of the descending pathway to 
the spinal cord dorsal horn through which activation of 
the PAG produces analgesia (Basbaum et al., 1976,1977, 
1978; Fields and Anderson, 1978). Whether the Sub P 
neurons and/or the ENK neurons in the dorsal PAG 
project directly to the NRM or whether their terminals 
locally modulate the activity of the neurons projecting to 
the NRM is unknown. 

Unlike the extensive distribution of Sub P and ENK 
immunoreactivity in the PAG, immunoreactive VIP neu- 
rons are tightly clustered in the subependymal neuropil 

of the ventromedial PAG. Although the cat raphe dor- 
salis contains numerous ENK perikarya and terminals 
along its midline (Moss et al., 1981, 1983), the labeling is 
located ventral to the VIP staining. Some VIP neurons 
are occasionally found in the raphe dorsalis and ventral 
PAG, but in much smaller numbers than either ENK or 
Sub P cells. 

Although this is the first map of the distribution of 
Sub P and VIP immunoreactivity that focused on the cat 
PAG, previous generalized mappings of the distribution 
of VIP and Sub P in the rat central nervous system have 
included observations in the PAG. The distribution of 
Sub P neurons in the rat PAG resembles that of the cat 
(Hokfelt et al., 1977; Ljungdahl et al., 1978). In both 
species, Sub P cell populations are located in the lateral 
and ventral PAG (in and adjacent to the nucleus raphe 
dorsalis). However, except for the level of the posterior 
commissure, the large population of Sub P perikarya 
seen in the dorsal and dorsolateral cat PAG are not seen 
in the rat PAG. The functional significance of these 
species differences in the distribution of Sub P immuno- 
reactivity is unknown. 

Sub P terminal field labeling throughout the rat PAG 
is reported to be uniform (Cuello and Kanazawa, 1978), 
although a higher density of Sub P in the dorsal PAG 
has been described (Ljungdahl et al., 1978). The micro- 



Moss and Basbaum Vol. 3, No. 7, July 1983 

Figure 6. A, Sub P-containing neurons in the nucleus of Edinger-Westphal (X 88). B, Absorption control (X 88). 

graphs of immunoreactive Sub P at more caudal rat PAG 
levels, however, clearly show denser staining in regions 
adjacent to the aqueduct. Because the action of Sub P 
presumably reflects the action of the peptide at a recep- 
tor, it follows that the terminal and not the cellular 
distribution of Sub P is a better indicator of its site of 
action. Thus, administration of Sub P into areas of the 
PAG with dense Sub P terminal labeling would have the 
most potent effects. Given the dense distribution of Sub 
P terminals around the aqueduct, it is likely that the 
peptide acts at this region. It follows that intraventricu- 
larly injected Sub P would have relatively easy access to 
Sub P receptors. 

In the rat PAG, VIP-like immunoreactive cells were 
reported adjacent to the ventral and lateral aspects of 
the aqueduct; a moderately dense concentration of fibers 
was seen (Loren et al., 1979; Sims et al., 1980). The great 
majority of VIP cells in the cat PAG are also found 
adjacent to the aqueduct, but only in its ventral aspect. 
Scattered cells are also located farther ventrally, away 
from the aqueduct, for example, in the nucleus raphe 
dorsalis. The major difference between the rat and the 
cat in the distribution of immunoreactive VIP is the 
much reduced terminal field labeling in the cat. When 
present, it is restricted to more caudal, ventral regions of 
the PAG. Unlike the other peptides, immunoreactive 
VIP cells can be seen in the cat PAG without colchicine 
pretreatment, indicating that this peptide may be pro- 
cessed differently from ENK and Sub P in the PAG. 
Whether this difference contributes to the minimal stain- 
ing of VIP terminal fields is unknown. 

While the PAG is generally associated with antinoci- 
ceptive properties, several lines of evidence implicate 
Sub P in the transmission of noxious messages within the 
central nervous system. For example, Sub P-like immu- 
noreactivity has been demonstrated in small-diameter 
primary afferent fibers (Hokfelt et al., 1976; Cuello et al., 
1978). Iontophoretically applied Sub P excites spinal 
neurons which respond to noxious input (Henry, 1976), 
and Sub P is released into the CSF by high intensity 
peripheral nerve stimulation (Yaksh et al., 1980). In- 
trathecal Sub P produces behavioral patterns that are 
indicative of a pain response (Seybold et al., 1982), 
whereas patients with decreased pain perception (Riley- 
Day syndrome) have depleted Sub P levels (Pearson et 
al., 1982). 

Sub P has also been implicated in pain control systems. 
Sub P is located in neurons of the medullary NRM 
(Hokfelt et al., 1977, 1978) and, in fact, coexists with 
serotonin in many NRM neurons (Hokfelt et al., 1978) 
and in their axonal terminals in the dorsal horn (Pelletier 
et al., 1981; Gilbert et al., 1982). Since stimulation of 
NRM inhibits spinal nociceptors (Fields et al., 1977; 
Rivot et al., 1980) and produces behavioral analgesia 
(Oliveras et al., 1975; Zorman et al., 1982), it appears that 
spinal nociceptors receive both excitatory primary affer- 
ent input and descending inhibitory input from different 
populations of Sub P-containing neurons. 

This paradox, namely that Sub P contributes both to 
nociception and to antinociception, is also evident if one 
examines the effects of Sub P at midbrain levels. In the 
majority of studies, intraventricular or intracerebral 
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Figure 7. The distribution of Sub P irnmunoreactivity in the dorsal PAG at the level of the posterior commissure (X 88). Note 
the difference in size between the cells dorsal and ventral to the commissure. Aq, aqueduct of Sylvius. 

(PAG) injection of Sub P in mice or rats generates a 
naloxone-reversible analgesia (Stewart et al., 1976; Fred- 
erickson et al., 1978; Malick and Goldstein, 1978; Naranjo 
et al., 1982). It has been reported, however, that intra- 
ventricular Sub P does not produce analgesia in mice 
(Hayes and Tyers, 1979), and it produces transient an- 
algesia in rats only when administered at high doses 
(Sullivan and Pert, 1981). Apparently, Sub P’s analgesic 
potency depends both on the dose administered (Fred- 
erickson et al., 1978) and on the initial responsiveness of 
the animal to a noxious stimulus (Oehme et al., 1980). 

The midbrain opiate link in Sub P-generated analgesia 
is particularly interesting. It has been demonstrated that 
opiates block the release of Sub P by spinal and trigem- 
inal neurons (Jessell and Iversen, 1977; Mudge et al., 
1979). Furthermore, since enkephalin is located in prob- 
able nociceptors in the dorsal horn, it has been suggested 
(Basbaum and Fields, 1978; Glazer and Basbaum, 1981) 
that Sub P in the spinal cord activates these opioid 
neurons which, in turn, inhibit primary afferent fibers. 
The reversal of Sub P-mediated analgesia by intraven- 
tricular methionine-enkephalin antisera (Naranjo et al., 
1982) or by naloxone (Stewart et al., 1976; Frederickson 

et al., 1978; Malick and Goldstein, 1978; Naranjo et al., 
1982) indicates that, in the midbrain, Sub P may also 
activate opioid neurons. Thus, in both the spinal cord 
and midbrain, Sub P may cause the release of endogenous 
opiates. However, in the cord, the opiate neuron is part 
of a negative feedback loop, whereas in the midbrain it 
is part of a feedforward circuit, which generates analgesia. 

In the above studies, naloxone was administered intra- 
peritoneally or subcutaneously and therefore could have 
been acting at any level of the central nervous system. 
Given the extensive overlap of immunoreactive ENK- 
and Sub P-labeled neurons and terminals in the PAG, it 
is conceivable that the Sub P-opiate interaction occurs 
at the level of the PAG. 

Stimulation-produced analgesia elicited from the PAG 
has been reported to be both naloxone sensitive (Adams, 
1976; Akil et al., 1976; Hosobuchi et al., 1977) and insen- 
sitive (Gebhart and Toleikas, 1978; Yaksh et al., 1978). 
Electrical stimulation in regions of the PAG containing 
ENK cell populations would be more likely to generate 
a naloxone-sensitive analgesia. On the other hand, stim- 
ulation of the PAG either in regions distant from ENK- 
containing neurons or in ENK terminal regions could 
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produce analgesia that is unaffected by opiate antago- 
nists. This would result from activation of neurons post- 
synaptic to the ENK-containing elements, bypassing the 
midbrain opiate link. However, the naloxone-insensitive 
analgesia that is sometimes produced by PAG stimula- 
tion may also indicate the existence of multiple endoge- 
nous analgesia systems involving the PAG; some opiate, 
others non-opiate in nature (see Watkins and Mayer, 
1982, for review). 

The VIP-containing neurons adjacent to the aqueduct 
in the ventromedial PAG may be part of one such non- 
opiate pain suppression system. Microinjection of VIP 
into the PAG produces a naloxone-insensitive analgesia. 
In addition, Cannon and co-workers (1982) have shown 
that, while analgesia can be produced by stimulation of 
either the nucleus raphe dorsalis or more dorsal sites 
located in the ventromedial PAG, stimulation-produced 
analgesia from the ventromedial PAG sites, unlike the 
raphe dorsalis sites, is not antagonized by naloxone. Our 
study has shown that the distribution of immunoreactive 
VIP cells and processes in the PAG does not overlap the 
distribution of ENK-like immunoreactivity. Taken to- 
gether, this evidence indicates a non-opiate, VIP-me- 
diated analgesia system involving the PAG. 

Although we have concentrated on descending control 
systems activated from the PAG, the circuitry underlying 
VIP’s pain-suppressive effect may involve ascending con- 
nections. At least some of the VIP cells in the PAG are 
considered to be the origin of the VIP terminals in the 
hypothalamus, nucleus accumbens, bed nucleus of the 
stria terminalis, and the amygdala (Marley et al., 1981). 
Whether these same neurons are involved in the affective 
component of pain perception, through VIP input to 
limbic structures, remains to be determined. 

Also of interest is the close association of VIP cells and 
processes with the subependymal neuropil. Conceivably, 
this could underlie some type of CSF-VIP interaction in 
VIP-produced analgesia. In addition, although both im- 
munoreactive Sub P and VIP have completely different 
patterns of distribution in the PAG, they share a common 
ability to act as cerebral vasodilators (Larsson et al., 
1976; Duckles and Said, 1982; Edvinsson and Uddman, 
1982). The possibility exists that their analgesic effects 
are related to a general physiologic effect on cerebral 
blood flow. It would be of interest to examine whether 
the analgesia produced by Sub P and VIP injection into 
the PAG is antagonized by concurrent administration of 
vasoconstricting drugs. 

Finally, it must be emphasized that the PAG is in- 
volved in many other functions besides pain suppression 
(Skultety, 1963; Jurgens and Pratt, 1979; Sakuma and 
Pfaff, 1980; Johnson et al., 1982; Lakoski and Gebhart, 
1982). It is almost certain that some of the different 
populations of Sub P- or VIP-containing neurons and 
terminal fields in the PAG are related to these other 
PAG activities. 

In conclusion, we have demonstrated that the two non- 
opiate peptides, which generate profound analgesia upon 
intracerebral microinjection, have totally different distri- 
butions within the PAG of the cat. The distribution of 
immunoreactive Sub P-containing neurons and terminals 
is quite similar to, although somewhat more extensive 

than, that of immunoreactive ENK. In contrast, immu- 
noreactive VIP cells and processes are tightly clustered 
in the ventromedial PAG, just ventral to the aqueduct. 
Since Sub P and VIP generate, respectively, a naloxone- 
sensitive and a naloxone-insensitive analgesia upon mi- 
croinjection into the PAG, these data provide additional 
evidence for the existence of separate opiate- and non- 
opiate-mediated analgesia systems involving the mid- 
brain central gray. 
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