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Abstract 

Using indirect immunofluorescence techniques combined with retrogradely transported fluores- 
cent dyes, cholecystokinin (CCK)-like and substance P immunoreactive cell bodies in the periaq- 
ueductal central grey of the rat brain were studied. Data from both adjacent sections and elution- 
restaining techniques indicated that some of these central grey cells contain both a CCK-like peptide 
and substance P. Injection of the fluorescent dye, Fast Blue, into the cervical spinal cord indicated 
that this CCK-substance P cell group is a descending system. These findings provide evidence for 
two peptides in a single neuron, and the possible functional significance of such an occurrence is 
discussed. 

Peptides are widely distributed in the peripheral and 
central nervous system (Hijkfelt et al., 1980a), and they 
may play a physiological role as neurotransmitters (Ot- 
suka and Takahasi, 1977; Snyder, 1980). Substance P 
(Von Euler and Gaddum, 1931; Chang et al., 1971) is 
present in many cell groups in the central nervous system 
of the rat (Ljungdahl et al., 1978), one of which is located 
in the periaqueductal central grey at the border between 
hypothalamus and mesencephalon. These substance P 
immunoreactive cells are large multipolar cells with a 
diameter of about 25 to 35 pm. Gastrin/cholecystokinin 
(CCK)-like peptides also have a wide distribution in the 
central nervous system and, similar to that of substance 
P, have been shown in immunocytochemical studies to 
be present in a group of large neurons in the periaque- 
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ductal grey (Vanderhaeghen et al., 1975, 1980; Innis et 
al., 1979; Larsson and Rehfeld, 1979; Loren et al., 1979; 
Hijkfelt et al., 1980a, b, c). 

In the present study, the relationship between these 
substance P and CCK-like immunoreactive cell groups 
was explored by examining either adjacent sections, each 
stained with either substance P or CCK antibodies, or 
the same section sequentially stained with both anti- 
bodies and using the elution-restaining technique of 
Tramu et al. (1978). In addition, using a technique by 
which retrograde tracing with fluorescent dyes (Kuypers 
et al., 1977) is combined with indirect immunofluores- 
cence histochemistry (Hijkfelt et al., 1979; Skirboll et al., 
1982a; SkirbolI and H&felt, 1983), the projections of 
these substance P and CCK immunoreactive cell groups 
were analyzed. A preliminary report has appeared (Skir- 
boll et al., 1982b). 

Materials and Methods 

Male, albino rats (Sprague-Dawley, body weight 150 
gm) were used. Fast Blue (253/50) was injected into the 
upper part of the cervical spinal cord of 10 animals. 
Three days later the rats received an intraventricular 
injection of colchicine (60 pg in 20 ~1 of 0.9% sodium 
chloride). After 25 hr the rats were perfused with ice-cold 
10% formalin in 0.1 M phosphate buffer for 30 min. The 
brains were rapidly dissected out and immersed in the 
same fixative for 90 min and then rinsed in 0.1 M phos- 
phate buffer with 5% sucrose added. Frontal sections of 
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the caudal hypothalamus and rostral mescencephalon 
were cut on a cryostat (Dittes, Heidelberg, Federal Re- 
public of Germany) (section thickness 5, 10, or 14 pm). 
The sections were analyzed in a fluorescence microscope, 
and Fast Blue-labeled cells were photographed. Then the 
sections were processed for indirect immunofluorescence 
according to Coons and collaborators (see Coons, 1958) 
as described in more detail elsewhere (see Hokfelt et al., 
198Oc). Briefly, adjacent sections were incubated with 
antiserum to substance P (see Cuello et al., 1980) or CCK 
(see Dockray et al., 1981; Rehfeld, 1981) in a humid 
atmosphere at 4°C for 14 to 20 hr, rinsed in phosphate- 
buffered saline (PBS), incubated with rhodamine-conju- 
gated sheep antirabbit antibodies (or antirat antibodies 
for substance P) for 30 min at 37°C in a humid atmos- 
phere, rinsed in PBS, and mounted in a mixture of 
glycerin and PBS (3:l). The sections were examined in a 
fluorescence microscope. Elution-restaining experiments 
were carried out according to Tramu et al. (1978). Briefly, 
after examination and photography of the CCK-like im- 
munoreactivity, the sections were rinsed and treated with 
a mixture of potassium permanganate (KMn04) and 
sulphuric acid (HaSOd) for 30 to 60 sec. The sections 
were examned in the fluorescence microscope, and, pro- 
vided that no fluorescence was observed, they were in- 
cubated with fluorescein isothiocyanate-conjugated anti- 
bodies for 30 min at 37°C and examined again. If no 
fluorescence was seen, the sections were incubated with 
substance P antiserum followed by rhodamine-conju- 
gated antibodies and analyzed in the fluorescence micro- 
scope and photographed. The filters used in the fluores- 
cence microscope were as follows: for Fast Blue, Schott 
UG 1 and Zeiss 41 as primary and secondary filters, 
respectively; for rhodamine-induced fluorescence, Schott 
BP 546 and LP 590, respectively. Details on the combined 
retrograde tracing and immunofluorescence procedures 
and on the restaining technique have been described 
elsewhere (Skirboll et al., 1982a, Skirboll and Hokfelt, 
1983). 

Results 

After incubation of sections from the caudal hypotha- 
lamic-rostral mesencephalic level of colchicine-treated 
rats, numerous strongly CCK-like immunoreactive cell 
bodies were observed in the ventral, central part of the 
periaqueductal grey with single cells close to the aque- 
duct. The cells were often elongated with the long axis 
running in the ventral-dorsal direction. One or two, and 
occasionally more, processes could be identified in 10 to 
14 pm thick sections. The 15 to 30 cell profiles which 
could be observed in a single section formed a distinct 
group in which a midline cell group could be seen along 
with several bilateral cells positioned in the more ventro- 
lateral aspects of the central grey. In adjacent sections 
stained with antisera to substance P, cells with a distri- 
bution similar to CCK-immunoreactive neurons were 
observed. The number of these cells as well as their 
morphological features and topography were very similar 
to those of CCK-stained neurons. 

To determine whether the same neurons were immu- 
noreactive to both CCK-like and substance P antisera, 
micrographs of 5 p thick adjacent sections stained with 

CCK and substance P antisera, respectively, were com- 
pared. Data from this analysis provided strong evidence 
that, at least in some cases, CCK- and substance P- 
containing cells were identical (Fig. 1, D and E ). In an 
effort to more rigorously test this finding, single sections 
(10 to 14 pm thickness) were first stained for CCK-like 
immunoreactivity, photographed, and subsequently 
treated to remove the CCK antiserum (see “Materials 
and Methods”). This same section was then restained 
with substance P antiserum and photographed. Careful 
examination of these micrographs revealed that many 
cells did, indeed, contain both substance P and CCK-like 
immunoreactivity. It also was not possible to carry out 
the reverse experiment, i.e., to restain with CCK antise- 
rum after the elution of substance P antiserum. This may 
be due to the fact that potassium permanganate destroys 
the antigenicity of CCK. In addition, although other 
systems which were either CCK-like or substance P 
immunoreactive were observed in the same sections, 
there was no evidence that these cell bodies and/or nerve 
terminals were the same. 

In the next series of studies, indirect immunofluores- 
cence was combined with a fluorescent retrograde tracing 
technique in an effort to determine the projections of 
this CCK-substance P cell group. After injection of Fast 
Blue into the cervical spinal cord, approximately at the 
level of Cg, blue fluorescent cell bodies were observed in 
the periaqueductal central grey in areas coincidental with 
the neurons which proved immunoreactive to both CCK 
and substance P antisera. It should be mentioned that 
cervical dye injections resulted in labeled cells in many 
other areas of the brain, but this study will be limited to 
the cell group of interest located in the mesencephalic 
periaqueductal central grey. Sections in which labeled 
cells were visualized in the periaqueductal grey were 
photographed, and the same section was subsequently 
processed for indirect immunocytochemistry. After pro- 
cessing, comparison of micrographs of retrograde fluores- 
cence with immunofluorescence established that some of 
the cells labeled with dye were also CCK and substance 
P immunoreactive (Fig. 1, A to E). This procedure could 
be followed with either semlddjacent sections or the 
elution-restaining technique (for methods see Skirboll 
and Hokfelt, 1983; Skirboll et al., 1982a). 

After incubation with control antisera, i.e., CCK and 
substance P antiserum absorbed with an excess of CCK 
and substance P, respectively, none of the cell bodies 
described above were observed. Furthermore, absorption 
of CCK antiserum with an excess of substance P or, 
alternatively, absorption of substance P antiserum with 
an excess of CCK-7, did not abolish the fluorescence 
induced by the absorbed antisera. 

Discussion 

The present findings confirm earlier evidence for the 
occurrence of both substance P (Ljungdahl et al., 1978) 
and CCK (Innis et al., 1979; Larsson and Rehfeld, 1979; 
Loren et al., 1979; Hokfelt et al., 1980a, b, c; Vander- 
haeghen et al., 1980) immunoreactive cells in the ventral, 
central part of the hypothalamic-mesencephalic periaq- 
ueductal central grey. The present study, in addition, 
demonstrates that at least some of the cells in this region 
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Figure 1. Fluorescence (A and C) and immunofluorescence (B, D, and E) micrographs of frontal plane sections of the ventral, 
medial aspects of the anterior periaqueductal central grey of colchicine-treated rat injected with Fast Blue into the spinal cord. 
A and B, on one hand, and C and D, on the other hand, show the same section. These two sections are semiconsecutive, whereas 
E shows a section immediately adjacent to the one shown in C and D. B and E have been incubated with CCK and D with 
substance P antiserum. Most of the cells retrogradely labeled with Fast Blue are CCK (compare A and B) and substance P 
(compare C and D) positive. In C to E several cells (small arrowheads) can be seen which contain Fast Blue, CCK- , and 
substance P-like immunoreactivity. Large arrowheads point to a group of identical cells. The bar indicates 50 pm. 

contain both a CCK and a substance P immunoreactive 
peptide (SkirboII et al., 1982b). 

Evidence is also presented here from retrograde tracing 
studies that some of the cells in this CCK-substance P 
system descends to the cervical spinal cord, although 
projections to other areas cannot be excluded. However, 
the exact sites of termination of these fibers within the 
spinal cord are not known. It is well known that CCK- 
and substance P-like immunoreactivities are localized in 
the dorsal horn of the spinal cord (Hokfelt et al., 1975a, 

b, 1976; Larsson and Rehfeld, 1979). Thus, although the 
size and density of terminal fibers prohibit a definitive 
statement with regard to coexistence in nerve terminals, 
analysis of adjacent thin sections stained with CCK and 
substance P, respectively, reveals a very close overlap 
between the two immunostains (H&felt et al; 1980a; 
Jansco et al., 1981). The majority of this substance P 
immunoreactivity present in the dorsal horn has its origin 
in spinal ganglia (Hokfelt et al., 1975a, 1977; Takahashi 
and Otsuka, 1975; Barber et al., 1979). The CCK immu- 
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noreactivity seen with immunohistochemistry in this 
area may also mainly be of sensory origin, because CCK- 
positive cells have recently been observed in spinal gan- 
glia of the rat (Dalsgaard et al., 1982). Interestingly, also 
in these primary sensory neurons CCK and substance P- 
like peptides seem to coexist (Dalsgaard et al., 1982). 
Treatment with capsaicin, which causes a degeneration 
of small-sized sensory neurons (Jansco et al., 1977, 1981, 
Nagy et al., 1980), such as substance P-containing fibers 
(Jesse11 et al., 1978), results in a parallel loss of CCK and 
substance P immunoreactive fibers in the dorsal horn 
(Jansco et al., 1981). Because capsaicin does not deplete 
either immunohistochemically detectable CCK or sub- 
stance P completely, the mesencephalic CCK-substance 
P cells described herein may account for some of the 
immunoreactivity in the dorsal horn. However, it cannot 
be ruled out these CCK-substance P cells project to areas 
other than the dorsal horn. 

Although these data suggest that dorsal horn CCK and 
substance P mainly derive from primary sensory neurons, 
recent findings by Schultzberg et al. (1982) using radioim- 
munoassay (RIA) have shown that capsaicin treatment 
causes a marked depletion of substance P but not of CCK 
in the dorsal horn. This raises the possibility that CCK 
detected by immunocytochemistry may be a different 
peptide from the CCK distinguished by RIA. It seems, 
therefore, necessary to define more exactly the CCK-like 
immunoreactivity which has been shown to be present in 
primary sensory neurons as well as in the mesencephalic 
periaqueductal grey. 

It is interesting to note that in the present coexistence 
situation, the cells that contain two peptides are unique 
to a particular cell group and neuroanatomical structure. 
Thus, it must be emphasized that, although both CCK- 
and substance P-like peptides are widely distributed in 
the central nervous system of the rat, a rough comparison 
of the distribution patterns of cell bodies containing the 
two peptides in the rat brain, as described in extensive 
maps, reveals no other clear incidence of coexistence (for 
substance P, see Cuello and Kanazawa, 1978; Ljungdahl 
et al., 1978; for CCK, see Innis et al., 1979; Larsson and 
Rehfeld, 1979; Loren et al., 1979; Vanderhaeghen et al., 
1980). Thus, with the above-mentioned exception of some 
primary sensory neurons, the present case of coexistence 
in the periaqueductal central grey seems to be an uncom- 
mon feature where these two peptides are concerned. 
Similarly, although avian pancreatic polypeptide (APP)- 
positive and somatostatin (SOM)-positive cell bodies can 
be found in a variety of brain structures, their presence 
in the same neuron is limited to cells in the striatum, 
olfactory tubercle, and neocortex (Vincent et al., 1982). 
This “cell group” specificity also extends into coexistence 
situations in which a peptide resides in the same cell as 
a classical neurotransmitter. For example, substance P 
coexists with serotonin (5HT) only in the raphe medul- 
laris despite numerous areas which are rich in either 
substance P- or 5-HT-containing neurons (see Hokfelt et 
al., 1978). Furthermore, coexistence does not seem to be 
universal phenomenon even within a cell group, i.e., not 
every CCK cell in the periaqueductal grey may be sub- 
stance P immunoreactive much in the same way that not 
every dopamine cell within the ventral tegmentum seems 

to contain a CCK-like peptide (Hokfelt et al., 198Oc). 
Thus, cells which show evidence for coexistence may, 
therefore, describe a subpopulation of neurons within a 
neuroanatomically defined group, i.e., a coexisting pep- 
tide may serve to subdivide a transmitter homogeneous 
neuron population into subclasses. 

The presence of two different peptides in the same 
neuron is not a new finding. Several years ago it was 
recognized that certain hypothalamic neurons contain 
both adrenocorticotropic hormone (ACTH) and /3-endor- 
phin (Bloch et al., 1978; Watson et al., 1978; Nilaver et 
al., 1979; Sofroniew, 1979). Furthermore, in the gastroin- 
testinal tract of the guinea pig SOM- and gastrin/CCK- 
like peptides occur in the same neurons in the submucous 
plexus (Schultzberg et al., 1980). In the spinal cord, an 
APP and an enkephalin-like peptide coexist (Hunt et al., 
1981), and some spinal neurons in the medullary raphe 
nuclei seem to contain a substance P- and a thyrotropin 
releasing hormone (TRH)-like peptide (Johansson et al., 
1981). Finally, a SOM- and an APP-like peptide have 
been observed in certain telencephalic neurons (Vincent 
et al., 1982). Whereas in the first case, i.e., coexistence of 
ACTH and /3-endorphin, there is evidence that these two 
peptides share a common precursor (Mains et al., 1977; 
Roberts and Herbert, 1977; Nakanishi et al., 1979), no 
such relationship has been shown in the latter cases. 
There is also no evidence for a common precursor for 
CCK and substance P. 

The present findings and those cited above indicate 
that neurons have the ability to produce more than one 
peptide. Because until now most neurons have only been 
found to contain a single peptide (or perhaps family of 
similarly structured peptides which cross-react with a 
particular antisera), it may be that a “peptide neuron” 
usually possesses one peptide. Alternatively, “peptide 
neurons” may normally produce more than one peptide, 
and these “single peptide neurons” may actually contain 
additional peptides which still are unknown. The possi- 
bility must also be considered that the immunohisto- 
chemical technique is not sufficiently sensitive to visu- 
alize very low contents of peptides, and one may, there- 
fore, detect only those present in comparatively high 
concentrations. Finally, the possibility that peptide levels 
are a function of neuronal activity at the time of fixation 
cannot be ruled out. Thus, the uniqueness of coexistence 
to particular cells or cell groups may only be a description 
of cell function and/or activity and may then ultimately 
prove to be a more universal phenomenon than presently 
described. 

The functional significance of the presence of both 
these peptides in single periaqueductal grey cells is, as 
yet, unknown. There are, however, several physiological 
parallels which link the actions of these two peptides. 
Electrophysiologically, both substance P and CCK-like 
peptides have been shown to have a depolarizing and/or 
excitatory action on neuronal activity (for substance P, 
Otsuka and Takahaski, 1977; Randic and Miletic, 1977; 
Phillis and Kirkpatrick, 1979; Dodd and Kelly, 1979,198l; 
Nicoll et al., 1980; Jeftinija et al., 1981; Skirboll et al., 
1981). In addition, the periaqueductal central grey has 
been shown to be an effective stimulation site for pro- 
ducing analgesia, a finding which has given rise to the 
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suggestion that a descending system may well be involved 
(Basbaum and Fields, 1978). We provide evidence here 
that there are descending periaqueductal grey projec- 
tions in the rat similar to those described in the cat and 
monkey (Kuypers and Maisky, 1975; Castiglioni et al., 
1978; Maisky and Kuypers, 1978; Basbaum and Fields, 
1979; Tohyama et al., 1979; Watkins et al., 1981; see also 
Bowker et al., 1981), some of which contain both CCK- 
like peptides and substance P. In light of this finding, it 
is of particular interest that there is evidence that both 
substance P (Stewart et al., 1976; Frederickson et al., 
1978; Malick and Goldstein, 1978; Mohrland and Geb- 
hart, 1979) and CCK-like peptides (Mohrland and Geb- 
hart, 1979; Zetler, 1980, Jurna and Zetler, 1981) can elicit 
a naloxone-sensitive analgesia in rats. In this regard, a 
physiological role for both substance P and CCK by 
which each of these peptides acts by releasing an endog- 
enous opioid substance has been proposed by independ- 
ent investigators (Krivoy et al., 1977; Frederickson et al., 
1978; Malick and Goldstein, 1978; Zetler, 1980). Whether 
the CCK-substance P system described herein is the one 
responsible for the ability of these two peptides to alter 
reactions to noxious stimuli, however, remains to be 
determined. 
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