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Immunocytochemical study of angiotensin-II fibres and cell 
bodies in the brainstem respiratory areas of the cat 
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The distribution of fibres and cell bodies containing angiotensin-II in brainstem respiratory nuclei was studied using an indirect 
immunoperoxidase technique. In order to visualize immunoreactive perikarya, intracerebral injections of colchicine were carried 
out. The richest cluster of immunoreactive perikarya was localized in the B6tzinger complex and K611iker-Fuse areas, whereas in 
the nucleus ambiguus and nucleus retroambiguus a moderate density of cell bodies was observed. The nucleus tractus solitarius 
(ventrolateral portion) and the nucleus parabrachialis medialis had the lowest number of immunoreactive neurons. Angiotensin-II 
containing fibres were abundant in the nucleus parabrachialis medialis, B6tzinger complex and K611iker-Fuse area, and scarce in 
the nuclei tractus solitarius (ventrolateral part), ambiguus and retroambiguus. Moreover, in the dorsal motor nucleus of the vagus 
a dense network of immunoreactive fibres and a large number of cell bodies were observed. The presence of angiotensin-II in 
respiratory areas suggests a role for this octapeptide in controlling respiration. 

INTRODUCTION 

A large number  of physiological studies have 
shown that nuclei localized in the brainstem such as 

nucleus tractus solitarius, nucleus ambiguus, nucleus 
retroambiguus,  nucleus parabrachialis medialis, K61- 

liker-Fuse area and B6tzinger complex play an 
important  role in controlling respiration 2,23,24,a6,33. 

In addition, other data suggest that the nucleus 
tractus solitarius could be engaged in the reflex 
control of blood pressure and heart rate 22'24. 

Moreover ,  physiological data, in such areas sev- 

eral immunocytochemical  studies have been carried 
out on the distribution of substance P, enkephalins 
and somatostatin 17,2°. However,  scarce data are 

available on the localization of both fibres and cell 
bodies containing the octapeptide angiotensin-II 
(AII)  in such regions of  the brainstem 4'21,39. In 

addition the participation of  brain A I I  in the central 

cardiovascular control x2"36, in the regulation of  vol- 

ume homeostasis 3,1°, in the release of  oxytocin and 

vasopressin from the hypothalamo-neurohypophy-  
sial system 19, in release of  A C T H  25 and in the 

decrease of the body temperature 4°, the localization 

of Al l  in respiratory areas could corroborate  the role 

of the peptide in the control of respiratory mecha- 

nisms, which has been pointed out in physiological 
studies 27'31. In general, these works show that AI I  

can affect respiration, but they do not define the 

precise location of the AI I  action. However ,  recently 
it has been observed that in the nucleus tractus 

solitarius the peptide excites neurons involved in 
respiratory mechanisms 35. Thus, using intratissue 

injections of colchicine in the vicinity of respiratory 
nuclei, our aim is to know the distribution of  
immunoreactive structures containing A I I  in the 
dorsal and ventral respiratory groups as well as in the 
pneumotaxic center of the cat. 
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MATERIALS AND METHODS 

Nine male adult cats (2-3 kg) were used in this 
study. Two animals were used as controls (without 
colchicine), while the rest were pretreated with 
colchicine. Under deep ketamine anaesthesia (40-50 
mg/kg), intratissue (80-100 ~g/0.8-1 ~tl) or intraven- 
tricular (300/~g/5 /A) injections of the drug were 
carried out following the stereotaxic coordinates 
from the atlas of Snider and Niemer 37 in the 
formatio reticularis (P 11.0, H -7.0, L 2.0) (1 cat), 
nucleus reticularis parvocellularis (P 9.0, H -7.0, L 
3.5) (1 cat), nucleus reticularis pontis oralis (P 3.5, 
H -5.2, L 1.5) (1 cat), nucleus cuneatus (P 10.5, H 
-5.0, L 3.0) (1 cat), nucleus vestibularis medialis (P 
4.0, H -3.0, L 1.5) (1 cat) and lateral ventricle (A 
14.0, H +7.0, L 2.5) (2 cats). 

Two days after the injection the pretreated ani- 
mals and the controls were anaesthetized and per- 
fused via the ascending aorta with 500 ml of 0.9% 
NaC1 and 2 liters of 4% paraformaldehyde in 0.15 M 
phosphate buffer pH 7.2. The brains were removed, 
post-fixed in the latter solution for 12 h and put in 
increasing sucrose baths (10-30%) until they sank. 
Serial sections of the regions studied were cut at 40 
/~m with a freezing microtome and processed for 
immunostaining. 

Tissue sections were incubated in phosphate 
buffer containing 1% normal sheep serum and 0.3% 
Triton X-100 during 30 min. Then, the sections were 
incubated overnight in the same buffer solution 
containing the AII antibody, at the dilutions of 
1/1000 and 1/1500. After a 30 min wash with 
phosphate buffer, the sections were incubated for 60 
min with sheep anti-rabbit IgG coupled to horserad- 
ish peroxidase as second antibody, diluted 1/250 in 
the buffer solution. Finally, the sections were 
washed in phosphate buffer and the peroxidase was 
revealed by the 3,3"-diaminobenzidine method. 

The All  antiserum was generated in a rabbit using 
synthetic human All  coupled to human serum 
albumin via glutaraldehyde. In RIA experiments, 
cross-reaction of the antiserum measured at 50% of 
inhibition of the 125I-AII binding was of 100% for 
All,  3.13% for AIII and 0.46% for AI. No cross- 
reaction was observed with arginine vasopressin, 
oxytocin, neurotensin, substance P, leucine-enkeph- 
alin and methionine-enkephalin. The specificity of 

the immunostaining was controlled by the preab- 
sorption of the antibody with synthetic All (100 
ktg/ml diluted antiserum) and by omitting the All  
antibody in the first incubation bath. In both cases, 
no residual immunoreactivity was found. 

RESULTS 

AII-immunoreactive fibres and cell bodies are 
distributed in the dorsal (ventrolateral subnucleus of 
the nucleus tractus solitarius) and ventral (nucleus 
ambiguus, nucleus retroambiguus, B6tzinger com- 
plex) respiratory groups, as well as in the pneumo- 
taxic center (nuclei parabrachialis medialis and 
K611iker-Fuse) (Fig. 1). The densest clusters of 
immunoreactive perikarya were observed in the 
B6tzinger complex (BC) and K611iker-Fuse (KF) 
region, whereas the highest density of fibres con- 
taining AII was found in the nucleus parabrachialis 
medialis (NPBM), BC and KF area. On the con- 
trary, the ventrolateral subnucleus of the nucleus 
tractus solitarius (NTSvl) and the NPBM had the 
lowest density of immunoreactive cell bodies, while 
the NTSvl, ambiguus (NA) and retroambiguus 
(NRA) showed the scarcest fibre immunoreactivity. 

In the dorsal respiratory group, immunoreactivity 
was found in the NTS (Fig. 1D-H).  Thus, in its 
ventrolateral subgroup (Fig. 2A), a low density of 
cell bodies (20-30 /~m in size) was observed. Its 
morphology is quite variable, thus polygonal, fusi- 
form or round-shape cell bodies were observed. In 
other nuclear subgroups of the NTS, numerous, 
small (10-15 /~m) and round immunoreactive cell 
bodies were found. Finally, a moderate to high 
density of fibres containing Al l  was found in all the 
nuclear subgroups of the NTS, except in the ven- 
trolateral area in which a low density of immunore- 
active fibres was observed. 

On the other hand, we have observed fibres and 
cell bodies containing AI1 in the dorsal motor 
nucleus of the vagus (dmnX) (Fig. 1D-H),  a 
structure which is immediately adjacent to the NTS. 
Immunoreactive fibres were abundant, whereas im- 
munoreactive cell bodies presented a high density. 
The round perikarya are small (10-15/~m in diam- 
eter) being scatteringly distributed in the nucleus, 
although they were also observed in clusters, in its 
most ventral region. 



In the ventral respiratory group (Fig. 1C-H) ,  the 

densest clusters of  immunoreactive perikarya were 
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Fig. 1. Distribution of angiotensin II fibres and cell bodies in 
the respiratory areas of the cat brainstem. Immunoreactive 
perikarya are indicated by closed circles, their size being 
related to the density of cell bodies (O, high density = >10; 
O, middle density = 5-10; e, lower density = 1-5). Immu- 
noreactive fibres are also represented according to their 
density (black area, high density; area with large dots, middle 
density; area with small dots, low density). The shaded areas 
with dashed lines indicate regions of fibres showing no 
immunoreactivity. A diagram of the subnuclei of the NTS is 
shown in the upper right corner of section C. Schematic 
illustrations were redrawn from Verhaart 38, which were 
modified from the atlas of Snider and Niemer 37. AP, area 
postrema; BC, B6tzinger complex; BCH, brachium conjunc- 
tivum; dmnX, dorsal motor nucleus of the vagus; KF, 
K611iker-Fuse area; NA, nucleus ambiguus; NPBM, nucleus 
parabrachialis medialis; NRA, nucleus retroambiguus; NTS, 
nucleus of the tractus solitarius; NTSi, interstitial subnucleus 
of the nucleus tractus solitarius; NTSin, inferior subnucleus of 
the nucleus tractus solitarius; NTSIt, lateral subnucleus of the 
nucleus tractus solitarius; NTSm, medial subnucleus of the 
nucleus tractus solitarius; NTSpc, superior central subnucleus 
of the nucleus tractus solitarius; NTSvl, ventrolateral subnu- 
cleus of the nucleus tractus solitarius; TS, tractus solitarius; 
V4, fourth ventricle. The posteriority of each section is 
indicated in the lower fight corner. 
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found in the BC, whereas the N A  and N R A  had a 

moderate density. In the N A  (Fig. 1D-F) ,  the 

immunoreactive cell bodies showed a pyramidal 
(Fig. 2B), round or fusiform appearance. In the 
pyramidal neurons their size varied from 25 to 40 

/~m, whereas in the other  two types the size was 

about 10 gm.  In the N R A  (Fig. 1F-H)  immunore- 

active perikarya were mainly localized in the central 

part of  the nucleus, although in its ventral region 

they were also found. SteUate, pyramidal and round 
cell bodies containing AI I  were observed (Fig. 2C). 

In this case, the stellate and pyramidal neurones 

were larger (45-60 #m)  than the round ones (20-30 

~m). Finally, in both N A  and N R A  a low density of  

immunoreactive fibres was found. In the BC (Fig. 

1C), scattered round perikarya were mainly ob- 

served, although stellate and pyramidal cell bodies 
were also visualized (Fig. 2D). Both latter neuronal 

types showed a size of 50-60/zm, whereas those with 

rounded appearance varied from 12 to 25 btm in 

diameter. In the BC area moderate  A I I  fibres were 

also found. 

Finally, in the pneumotaxic center (Fig. 1A,B) a 

high density of immunoreactive cell bodies was 

found in the KF area (Fig. 2E), whereas in the 
NPBM (Fig. 2F) of  low number  of perikarya was 

observed. In both regions, scattered, small (10-15 

~m) and round neurones were localized. Moreover ,  
in both areas a moderate  density of  AII - immunore-  

active fibres was also observed. 

DISCUSSION 

In comparison with previous studies on the local- 

ization of  AII- immunoreact ive structures in the 

dorsal and ventral respiratory groups and in the 

pneumotaxic center of  the rat and human brain 21, 
32,39, it seems that the distribution is wider in the cat. 

Thus, in the rodent,  fibres 39 or  both fibres and 

perikarya containing A ! I  were observed in the 
NTS 21, whereas in the other  respiratory areas (e.g., 

NA,  BC, KF) no immunoreactive structures were 
observed. In the same way, in such areas of  the 
human brain, neither A I I  fibres nor cell bodies have 
been described 32. However ,  we have found immu- 

noreactive structures in such areas in the cat brain. 
In particular, in all the nuclei that we have studied, 
A l l  cell bodies were found. This discrepancy be- 
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tween previous studies and our results on the 

localization of immunoreactive perikarya could be 
due to the intratissue injections of colchicine, as it 
has been reported previously in other studies 7'8. 
Thus, we have observed that intratissue injections of 
the drug are needed to reveal Al l  cell bodies located 
farther from the ventricles (e.g., NA, NRA, BC), 
since when intraventricular injections of colchicine 
were carried out, we only observed AII-immunore- 
active cell bodies in the NTS, a nucleus placed near 
the ventricle. However, in areas such as the NA, 
NRA and BC, located far from the ventricles no 
immunoreactive neuron was observed. This is in 
agreement with the observations of Lind et al. 21 in 

the rat. Thus, after intraventricular injections of col- 
chicine, these authors found immunoreactive cell bod- 
ies only in the NTS. In addition, it seems that 
injections of colchicine are needed to reveal immuno- 
reactive cell bodies since when no drug was injected, 
only All  fibres were observed in the NTS 39. 

It is known that the ventrolateral subnucleus of 
the NTS plays an important role in the genesis of the 
respiratory rhythmicity 1,5 and concretely in the 
control of patterns of inspiration H. In addition, in 
the rhythmic respiratory activity the parabrachial 
nuclei 6, the N A  34 and the KF area are also involved. 

In all these regions, we have found AII-immunore- 
active fibres and cell bodies. Thus, these data 
suggest an important role of All  in respiratory 
mechanisms. However, we lack sufficient informa- 
tion suggesting that Al l  neurones located in the 
respiratory areas of the cat are local or projecting 
neurones, but it may be assumed, as it has been 
suggested by Leger et al. 2°, that the presence of All  
perikarya in such regions indicates that these cells 
may be involved in the rhythmogenesis of the 
respiratory mechanism, whereas the immunoreactive 
fibres found in such respiratory nuclei may play a 
part in the rhythmogenesis and/or in the control of 
such function, since it is not known if the perikarya 
from which the Al l  fibres originate are localized 
within or out of such nuclei. 

In the case of the NTS, a dense network of 

AII-immunoreactive fibres has been found in the 
cat. Thus, moreover a possible intrinsic origin of the 
fibres, they mainly might have an extrinsic origin, 
since in the NTS few cell bodies and many fibres 
containing All  were localized. Thus, the following 
nuclei could send All  projections into the NTS: 
paraventricularis hypothalami, NA and BC, since 
these anatomical projections have been demon- 
strated in the cat 28. In addition, we have found 

immunoreactive Al l  cell bodies in such areas in the 
same animal. Thus, these findings suggest that the 
All  fibres found in the NTS could originate from 

these nuclei. Moreover, projections into the NTSvl 
from the NA, NRA and BC have been described in 
the cat 16"3°. 

In the NPBM, it seems that Al l  fibres have 
mainly an extrinsic origin, because a low number of 
AII-immunoreactive cell bodies were observed, 

whereas a moderate to high density of Al l  fibres 
were localized. The sources of such afferents remain 
unknown. However, such fibres could originate from 

the NA and NRA, since it has been well established 
that there is a pathway from both nuclei to the 
NPBM 13. This is in agreement with our results, since 
we have found a moderate number of Al l  cell bodies 
in the NA and NRA, whereas scarce fibres were 
found, suggesting that such perikarya could be 
projecting neurons. On the other hand, the Al l  
pyramidal neurons (40/~m in diameter) found in the 
NA could send projections into the laryngeal mus- 
cles, since it has been demonstrated that the laryn- 
geal motoneurons show cell bodies with a similar 
morphology 29. 

In the dmnX a high number of immunoreactive 
fibres have been observed by the whole nucleus; 
such All  fibres might have an important role in 
regulating neurons in the dmnX innervating airway 
smooth muscle, since a part of the intrathoracic 
trachea and the primary bronchial tree receives 
innervation from the dmnX 14,15,18. Moreover, the 

dmnX sends efferent fibres to the stomach and ga- 

Fig. 2. Angiotensin II cell bodies in the brainstem respiratory nuclei of the cat. A: immunoreactive perikarya in the ventrolateral 
subnucleus of the nucleus tractus solitarius (×200). B: angiotensin II perikarya located in the nucleus ambiguus (×300). C: cluster 
of immunoreactive neurons in the nucleus retroambiguus (× 300). D: immunoreactive cell bodies in the B6tzinger complex (×200). 
E: group of imrnunoreactive cell bodies in the K011iker-Fuse area (x200). F: angiotensin II cell bodies located in the nucleus 
parabrachialis medialis (×150). 
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strointestinal system TM suggesting that AII  fibres may 

play a role as a modulator of gastrointestinal motility. 

On the other hand, the AII-immunoreactive struc- 

tures localized in the NTS and dmnX could be also 

involved in cardiovascular mechanisms, since microin- 

jections of A l l  into the NTS or the dmnX produce 

significant effects on blood pressure or heart rate 9. 

Finally, in the cat, substance P, enkephalins,  

somatostatin, serotonin and catecholamines have 
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