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Neuropeptide Y-like immunoreactivity in the brain stem respiratory nuclei of the cat. BRAIN RES BULL 23(3) 201-207, 1989.-The 
distribution of fibres and cell bodies containing neuropeptide Y-like immunoreactivity in respiratory nuclei of the brain stem was 
studied using an indirect immunoperoxidase technique. In order to visualize immunoreactive perikarya, intraventricular or intratissue 
injections of colchicine were carried out. The richest cluster of immunoreactive perikarya was localized in the B&zinger complex, 
whereas in the nuclei ambiguus, retroambiguus, parabrachialis medialis and Kijlliker-Fuse area, a moderate density of cell bodies was 
observed. The ventrolateral subnucleus of the nucleus tractus solitarii had the lowest number of immunoreactive neurons. Neuropeptide 
Y-like immunoreactive fibres were abundant in the KBlliker-Fuse area, and scarce in the nuclei ambiguus, parabrachialis medialis and 
Kiilliker-Fuse area. A moderate network of immunoreactive fibres was observed in the nuclei retroambiguus and the ventrolateral 
subnucleus of the nucleus tractus solitarii. The presence of neuropeptide Y-like immunoreactive areas suggests a role for this peptide 
in the control of respiratory mechanisms. Alternatively such a cluster of cell bodies and fibre networks might be also related with 
neighbouring cardiovascular control areas. 

Neuropeptide Y Brain stem Respiratory nuclei Immunocytochemistry Cat Colchicine 

SINCE neuropeptide Y was isolated and sequenced by Tatemoto et 
al. (46), this substance has been reported to be involved in several 
physiological roles such as the regulation of the cardiovascular 
system (9, 19, 22), the secretion of the melanophore-stimulating 
and luteinizing-hormone releasing hormones (15,48), ingestive 
and sexual behaviors (23), the alteration of circadian rhythms (3) 
and respiratory mechanisms ( 18,22). 

Several physiological studies have shown that nuclei localized 
in the brain stem such as tractus solitarii, ambiguus, retroambig- 
uus, parabrachialis medialis, the KGlliker-Fuse area and the 
B&zinger complex play an important role in the control of 
respiratory mechanisms (6, 34, 35, 37,40). In such areas, several 
studies on the distribution of substance P, enkephalins, somatostat- 
in and angiotensin II have been carried out (2, 28, 30). However, 
little information has been reported on the presence of neuropep- 
tide Y in these brain stem regions (11,51). 

Immunocytochemical investigations on the distribution of neu- 
ropeptide Y in the mammalian CNS have been carried out in rats 
(4, 11, 21, 33, 36, 43, 51), golden hamsters (42), rabbits (7,8), 
cats (26, 31,47), monkeys (5,29,44) and man (1, 10, 16,24,38, 
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50). These studies have pointed to a widespread distribution of 
neuropeptide Y in the mammalian CNS. Moreover, radioimmu- 
noassay studies (4, 11, 20) on the localization of the neuropeptide 
Y are generally in agreement with such works. 

In the cat, few data are available on the distribution of 
neuropeptide Y in the CNS, since the only region in which such 
distribution has been studied was the diencephalon (26, 31, 47). 

Our aim was therefore to localize fibres and cell bodies 
containing neuropeptide Y in the respiratory nuclei of the cat brain 
stem (dorsal and ventral respiratory groups as well as the pneu- 
motaxic center). 

METHOD 

Ten male adult cats (2-3 kg) were used in the present study, 
Under deep ketamine (Parke-Davis) anaesthesia (40-50 mg/kg) 
unilateral intraventricular (350 l.~.g/5 ~1) or intratissue (100 p,g/l 
~1) injections of colchicine (Sigma) were performed following the 
stereotaxic coordinates from the atlas of Snider and Niemer (45), 
into the fourth ventricle (P 8.0, H - 2.0, L 2.0) (3 cats), formatio 
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reticuiaria (P 11.0, H -6.0. L 3.0) (I cat). (P 13.0. H -5.5. I, 
3.0) (I cat). (P 16.0. H -8.0. L 2.5) (I cat), nucleus vestibularis 
inferior (P 4.0. H -4.0. L 3.5) (I cat), nucleus reticularis 

parvoceliularis (P 3.5, H -4.5. L 3.0) C I cat), nucleus reticularis 

gi~antocellui~is (P 8.0. H -8.0, L 1.5) ii cat) and nucleus 

cuneatus (P 11.0, H -3.5. L 3.5). 
Three days after the injections, the pretreated animals were 

reanaesthetized, heparinized and perfused through the ascending 
aorta with I .S iitres of 0.9% NaCl and 1% sodium nitrite, followed 
by 3 lines of I % parafo~a~dehyde in 0. IS M phosphate buffer 
(PB) (pH 7.2). The brains were postfixed in the same solution 
overnight and kept in increasing sucrose baths (IO-30%) until they 
sank. Coronal sections of 70-90 pm of the regions studied were 
cut with a freezing microtome and processed for immunostaining. 
The sections were incubated in PB containing 1% norma sheep 
serum and 0.3% Triton X-100 for 30 min. The sections were then 
placed overnight in the same PB solution containing neuropeptide 
Y antiserum (this antibody was kindly provided by Professor J. 
Polak, Royal Postgraduate Medical School, London) at a dilution 
of i/1500. After a 30-min wash with PB, the sections were 
incubated for 60 min with sheep anti-rabbit IgG coupled to 
horseradish peroxidase (Pasteur) as the second antibody. diluted at 
l/250 in PB. Finally. the sections were washed in PB and the 
peroxidase was developed by the 3.3’.diaminobenzidine method. 

The specificity of the immunostaining was controlled by the 
preabsorption of the primary antiserum with synthetic neuropep- 
tide Y (200 pg per ml of diluted antise~m) and by omitting the 
neuropeptide Y antibody in the first incubation bath. In both cases, 
no residual immunoreactivity was found. In addition. immunohis- 
tochemical cross experiments were performed. No significant 
reduction of immunoreactivity was observed in any of the cases. 

RESULTS 

Neuropeptide Y-like (NPY-like) immunoreactive fibres and 
cell bodies were observed in the brain stem respiratory areas of the 
cat. In the dorsal (ventrolateral subnucleus of the nucleus tractus 
solitarii) and ventral (nucleus ambiguus, nucleus re~oambiguus 
and B&zinger complex) respiratory groups. as well as in the 
pneumotaxic center (nucleus parabrachialis medialis and Kiilliker- 
Fuse area) NPY-like immunoreactive structures were present (Fig. 
1). The densest cluster of immunoreactive perikatya was observed 
in the B&zinger complex. whereas the highest density of fibres 
containing NPY-like was found in the Kolliker-Fuse area. By 
contrast, the ventrolateral subnucleus of the nucleus tractus soli- 
tarii showed the lowest density of immunoreactive cell bodies, 
while the nucleus ambiguus, B&zinger complex and nucleus 
parabrachialis medialis had the lowest numbers of NPY-like 
immunoreactive fibres. 

At rostra1 level (P 3.5) (Fig. 1A). a moderate number of 
NPY-like cell bodies was found in both nuclei of the pneumotaxic 
center: the nucleus parabrachialis medialis (Fig. 2A) and the 
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Kolliker-Fuse area (Fig. 33). In the nucleus parabrachialia medi- 
alis. NPY-like immunoreactive cell bodies were localized in the 
dorsomedial and ventroiateral areas of the nueieus. ;I‘> \veII a\ 
between both neuronal groups. 

The dorsoInedia1 population extended dorsally below the brach- 
ium conjuntivum. whereas the ventrolaterai cluster extended 
towards the NPY-like immunoreactive perikarya group located in 
the Kolliker-Fuse area. In the nucleus parabrachialis mediaiic, 
round cell bodies (20-25 pm in diameter) were observed. In the 
Kolliker-Fuse area. besides round perikarya, fusiform imnlunor~- 
active cell bodies were also visualized. Both types of neurons were 
mail (S--IS pm). At this level. NPY-like immunoreactive fibres 
were observed throughout the nucleus parabrachialis medialis and 
Kolliker-Fuse area. In the former, the distribution of fihrea was 
scarce. whereas in the Koliiker-Fuse area the immunostained 
fibres were more abundant. 

More caudally, (P 4) (Fig. lB), the distribution of both fibrex 
and cell bodies containing NPY-like immunoreactivity was similar 
to that found more anteriorly. Thus, in the nucleus parabrachialis 
medialis. two clusters of immunoreactive ceil bodies were noted. 
One was located in the most dorsomedial part of the nucleus and 
the other was Iocated in the ventrolateral part. However. at this 
level (P 4) the NPY-like immunoreactive cell bodies teen at level 
P 3.5, between both populations, had disappeared. 

At the intermediate level (P 8) (Fig. IC), a large number of 
round and fusiform NPY-like immunoreactive perikarya were 
visualized in the B&zinger complex (Fig. 2C) and around this 
area. The size of the round neurons varied from S-IS pm. while 
that of the fusiform ceil bodies ranged from IS-20 p,m. At this 
level. a low density of immunoreactive fibres was found in the 
B&zinger complex. 

At a posterior level of the medulla oblongata (P 10.5) (Fig. 
113). NPY-like ~mmunoreactive perikarya were observed in dorsal 
tventrolateral subnucleus of the nucleus tractus solitarii) and 
ventral (nucleus ambiguus) respiratory areas. In the ventrolaterai 
subnucleus of the nucleus tractus solitarii (Fig. ?D), scarce, round 
(IO-75 pm) and fusiform (S-10 pm) NPY-like immunoreactive 
cell bodies were observed. In the nucleus ambiguus. a moderate 
density of cell bodies containing NPY-like iinmunoreactivity was 
found throughout the whole nucleus, in which round, pyramidal 
and stellate perikarya showing several sizes. were observed. In 
this sense, the pyramidal cell bodies were small (lo-15 Fm). 
whereas in the other two types their sizes varied from 20-25 &m 
(round) or from to-40 pm (stellate). Finally. a moderate network 
of immunoreactive fibres was found in the ventrolateral subnu- 
cleus of the nucleus tractus solitarii and nucleus ambiguus. 

More caudally (P 17-13.5) (Fig. l&F), a similar distribution 
pattern of NPY-like immunoreactivity was found. Thus. in the 
ventrolateral subnucleus of the nucleus tractus solitarii and nucleus 
ambiguus. NPY-like immunoreactive fibres and cell bodies were 
visualized. In addition, at P 12. NPY-like immunoreactiveperikarya 
located in the ventrolateral subnucleus of the nucleus tractus 

FIG. 1. Distribution of NPY-like immunoreactive fibres and cell bodies in the respiratory areas of the cat brain stem. Immunoreactive perikarya indicated 
by closed circles, their size being related to the density of cell bodies (large filled circle, high density: > 10 cell bodies; medium filled circle, middle density: 
5-10 cell bodies; small filled circle, lower density: l-5 cell bodies). Immunoreactive fibres are also represented according to their density (solid shaded 
area, high density; checkered area, middle density; dotted area, Iow density). A diagram of the subnuclei of the nucleus tractus solitarii is showed in the 
upper right corner of section C. Schematic illustrations were redrawn from Verhaart (49) which were modified from the atlas of Snider and Niemer (45). 
AP: Area postrema; BC: B&zinger complex; BCH: Brachium conjunctivum; dmnX: Dorsal motor nucleus of the vagus; KF: Kolliker-Fuse area; NA: 
Nucleus ambiguus; NPBM: Nucleus parabrachialis medialis; NRA: Nucleus retroambiguus; NTS: Nucleus of the tractus solitarii; NTSi: Interstitial 
subnucleus of the nucleus tractus solitarii; NTSin: Inferior subnucleus of the nucleus tractus solitarii; NTSlt: Lateral subnucleus of the nucleus tractus 
soiitarii; NTSm: Medial subnucleus of the nucleus tractus solitarii; NTSpc: Superior central subnucleus of the nucleus tractus solitarii; NTW: Vcntrolateral 
subnucleus of the nucleus tractus solitarii: TS: Tractus solitarii: V4: Fourth ventricle. The posteriority of each section is indicated in the lower right comer. 
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solitarii extended medially towards the interstitial, inferior and 
medial subnuclei of the nucleus tractus solitarii. However, at P 
13.5, the medial cluster of immunoreactive neurons located below 
the tractus solitarii at P 12, had disappeared, although the lateral 
population remained. 

Finally, at the most caudal level P 15-16.5 (Fig. lG-H), 
immunoreactive cell bodies were found in the ventrolateral part of 
the nucleus tractus solitarii (low density) and nucleus retroambig- 
uus (moderate density). The morphology of the NPY-like-immu- 
noreactive perikarya observed in the ventrolateral subnucleus of 
the nucleus tractus solitarii was similar to that visualized more 
rostrally. In the nucleus retroambiguus, round or stellate cell 
bodies were found. The round neurons were between 10 and 30 
km in size. In both locations (nucleus retroambiguus and ventro- 
lateral subnucleus of the nucleus tractus solitarii), a moderate 
network of immunoreactive fibres was observed. 

DISCUSSION 

cleus parabrachialis medialis). These findings suggest that the way 
of administration of colchicine might be responsible for the 
differences found in the distribution of labeled neurons, since in 
nuclei placed far from the ventricle (e.g., ambiguus, retroambig- 
uus and B&zinger complex) immunoreactive cell bodies were only 
observed when intratissue injections were carried out. By contrast, 
when intraventricular injections were performed, NPY-like immu- 
noreactive perikarya were visualized only in the ventrolateral part 
of the nucleus tractus solitarii (a nucleus located next to the 
ventricle). This is in agreement with previous studies in which 
intratissue injections of the drug were necessary to reveal immu- 
noreactive cell bodies located far from the ventricles (2, 13, 14). 
The present report shows a widespread distribution of NPY-like 
immunoreactive cell bodies in the cat brain stem respiratory 
nuclei, in comparison with previous studies carried out in other 
mammals (7, 11, 21, 24, 43, 5 1). Thus, it appears that a complete 
comparison between species would require the reexamination of 
the brain stem respiratory nuclei by performing intratissue injec- 
tions of colchicine. 

Several physiological studies have suggested that neuropeptide 
Y might play a role in respiratory mechanisms (18,22). However, 
relatively few morphological data are available on the distribution 
of fibres and cell bodies staining for neuropeptide Y in the 
respiratory nuclei of the mammalian brain stem (7, 11, 21, 43, 
51). In order to elucidate the possible sites of the action of 
neuropeptide Y in the respiratory mechanisms, we mapped both 
cell bodies and fibres containing NPY-like immunoreactivity in 
the brain stem respiratory nuclei of the cat. Thus, we have 
performed intraventricular injections of colchicine into the fourth 
ventricle to visualize immunoreactive perikarya. Following such 
injections, we observed NPY-like immunoreactivity in the ventro- 
lateral subnucleus of the nucleus tractus solitarii, whereas in the 
other brain stem respiratory nuclei no NPY-like immunoreactivity 
was found. This observation is in agreement with previous studies 
carried out in rats (11, 43, 5 l), since the latter authors only found 
NPY-like immunoreactive cell bodies in the nucleus tractus 
solitarii, after intraventricular injections of the drug. The same 
results were obtained by Blessing et al. (7) in rabbits without 
colchicine pretreatment and Halliday et al. (24) in man, although 
the subnucleus in which cell bodies were observed was not 
specified. In both the rat and rabbit, NPY-like immunoreactive 
perikarya were absent in the nucleus ambiguus, nucleus retroam- 
biguus, B&zinger complex, Kolliker-Fuse area and nucleus para- 
brachialis medialis, while in man (24) strongly immunoreactive 
cells bodies were observed in the nucleus ambiguus. In addition, 
it seems that the density and size of NPY-like immunoreactive 
perikarya in the nucleus tractus solitarii of rat, cat and man are 
quite similar; nevertheless, in these mammals few medium-sized 
cells were observed. 

Our results are in general agreement with previous studies on 
the localization of NPY-like immunoreactive fibres in the brain 
stem respiratory nuclei. In this sense, as we have found in the cat, 
immunoreactive fibres were found in the nucleus tractus solitarii, 
Kolliker-Fuse area, the nucleus parabrachialis medialis and the 
nucleus ambiguus (51) of the rat brain. Furthermore, in these 
nuclei the density of NPY-like immunoreactive fibres is quite 
similar in both rat and cat. 

The immunoreactivity found is apparently due to the presence 
of NPY, because in controls carried out by preabsorbing the 
neuropeptide Y antiserum with other peptides (e.g., peptide YY, 
bovine pancreatic polypeptide or avian pancreatic polypeptide) no 
reduction in immunoreactivity is observed. Moreover, it is now 
generally accepted that NPY-like is the peptide recognized by 
antisera to avian pancreatic polypeptide and bovine pancreatic 
polypeptide and that pancreatic polypeptide is not present in the 
mammalian nervous system, whereas little if any peptide YY has 
been found in the CNS (17, 18, 21, 25, 32, 42). 

It has been reported above that the ventrolateral subnucleus of 
the nucleus tractus solitarii, nucleus ambiguus, B&zinger com- 
plex, Kolliker-Fuse area and parabrachialis nuclei (specially nu- 
cleus parabrachialis medialis) play an important role in the 
rhythmic respiratory activity (6, 12, 34,41). In the present report, 
we have found both fibres and cell bodies containing NPY-like 
immunoreactivity in the brain stem respiratory regions of the cat. 
Thus, it may be assumed that the presence of NPY-like immuno- 
reactive perikarya and fibres in such nuclei indicates that the 
neurons and fibres might be involved in respiratory mechanisms. 
Alternatively, such NPY-like cell bodies and fibres might be also 
related with other physiological mechanisms (6, 12, 22). 

It is known that intratissue injections of colchicine are more In order to obtain the basis for a better understanding of 
potent than intraventricular ones, enhancing the number and extent 
of immunoreactive perikarya (13,14). We therefore performed 

neuropeptide Y function in the brain stem respiratory nuclei of the 

intratissue injections of the drug into places located close to the 
cat, the neuronal circuits containing NPY-like immunoreactivity 
should be explored. Hitherto, there are insufficient data to indicate 

brain stem respiratory nuclei. After this treatment, apart from the that NPY-like immunoreactive neurons located in the brain stem 
immunoreactive cell bodies observed in the ventrolateral subnu- 
cleus of the nucleus tractus solitarii, NPY-like immunoreactive 

respiratory areas of the cat could be local or projecting neurons. 

perikarya were observed in all the nuclei studied (ambiguus, 
However, according to the morphological data in the cat, it 
appears that the NPY-like immunoreactive cell bodies found in the 

retroambiguus, B&zinger complex, Kolliker-Fuse area and nu- Botzinger complex could be projecting neurons, since such region 
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FIG. 2. A-hnmunoreactive perikarya in the nucleus parabrachialis medialis. B-Round or fusiform neuropeptide Y-like immunoreactive perikarya 
located in the KSlliker-Fuse area. Note that the nuclei are not immunoreactive. C-Cluster of immunoreactive cell bodies in the B&zinger complex. 
D-Group of immunoreactive cell bodies in the ventrolateral subnucleus of the nucleus tractus solitarii. Scale bar=20 pm. 



showed numerous NPY-like immunoreactive perikarya but scarce 
immunoreactive fibres. Thus. the B&zinger complex might send 
NPY-like immunoreactive projections into the ventrolateral sub- 
nucleus of the nucleus tractus solitarii because this anatomical 
projection has been demonstrated in the cat (27.39). In addition. 
this is in agreement with our findings in the ventrolateral subnu- 
cleus of the nucleus tractus solitarii, in which we have observed a 
very low number of NPY-like immunoreactive cell bodies and a 
moderate density of immunoreactive fibres. suggesting that this 
nucleus could receive NPY-like immunoreactive afferents. In the 
other respiratory nuclei, we cannot conclude whether the immu- 
noreactive cell bodies are projecting neurons or intemeurons 
although it is known, for instance. that an anatomical pathway 
from the nucleus ambiguus and nucleus retroambiguus to the 
ventrolateral subnucleus of the nucleus tractus solitarii exists in the 
cat (27,39). Thus. the next step must be to explore the NPY-like 
immunoreactive fibre connections of the brain stem respiratory 
nuclei. 
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Finally, in previous studies on the cat, substance P, somatostat- 
in. enkephalins. serotonin. angiotensin II and catecholaminea 
have been found in the nucleus ambiguus, the Kiilliker-Fuse area. 
the nucleus parabrachialis medialis and nucleus tractus colitarii 
(2.30). These data. together with the finding of NPY-like immu- 

noreactivity in the same areas. indicate a possible interaction 
among such substances. This complexity of substances located in 
the respiratory regions suggests an elaborated modulatmn 01‘ 
functions in which such nuclei are involved. The physiological 
significance of such a large number of putative neurotransmitters 
in the brain stem respiratory nuclei of the cat remain? to be 
elucidated. 
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