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The distribution of angiotensin II cell bodies in the thalamus of the rat was studied by means of intratissue injections of colchicine 
and using an indirect immunoperoxidase technique. The densest clusters of immunoreactive perikarya were observed in the nuclei ge- 
niculatum laterale, medialis dorsalis, ventralis posterior, centralis lateralis, centralis medialis and anterior dorsalis, whereas the nuclei 
lateralis posterior, lateralis and geniculatum laterale dorsalis had the lowest density. In other thalamic nuclei, geniculatum mediale, 
lateralis anterior, paraventricularis and ventralis medialis, the density of angiotensin II cell bodies was intermediate. In all these tha- 
lamic nuclei, small, round immunoreactive cells with short processes were observed. 

Angiotensin II (All) has been involved in a series 
of physiological roles such as increase in drinking and 
arterial pressure, release of pituitary hormones 7,13 
and regulation of body temperature 17. Several immu- 
nohistochemical studies have been carried out on the 
distribution of AII in the central nervous system of 
mammals 2'3'8'9'11'12'15'16, but only partial data were 

available on the AII cell bodies distribution in the 
thalamus of the rat 1°. In this last work, in order to en- 
hance the perikaryal immunoreactivity, the animals 
received intraventricular or intracisternal injections 
of colchicine, but no intracerebral injections were 
carried out. However, our previous studies 5'6 have 
shown that intratissue injections of colchicine are 
more potent than intraventricular ways, because the 
number and extent of immunoreactive perikarya is 
greatly enhanced in the first case. Thus, our aim is to 
re-examine the localization of cell bodies staining for 
AII in the rat thalamus after local intratissue injec- 
tions of colchicine and using the indirect immunohis- 
tochemical peroxidase-labeled antibody method 4. 

Under deep ketamine anesthesia (50 mg/kg b.wt.), 
24 adult rats were treated with colchicine. Four ani- 
mals received unilateral intraventricular injections, 

in the lateral ventricle (250 #g in 5 /d  of distilled wa- 
ter) (A 7, H +7.5, L 1.5) following the stereotaxic at- 
las of Albe-Fessard et al. 1, whereas 20 rats received 
unilateral intratissue injections of the drug (75-150 
/tg in 1.5-3 izl of distilled water) according to the 
same atlas in the nuclei anterior medialis (A 6.4, H 
+4.5, L 0.5) (2 rats), medialis dorsalis (A 4.4, H +5, 
L 0.5) (1 rat) and (A 5.2, H +5.5, L 0.5) (3 rats), reu- 
niens (A 5.4, H +4, L 0) (1 rat), ventralis lateralis (A 
5.4, H +5, L 3) (1 rat), centralis lateralis (A 5.6, H 
+5.5, L 1.5) (1 rat), centrum medianum (A4, H +5, 
L 1.25) (2 rats), lateralis posterior (A 2.9, H +5.5, L 
3) (2 rats) and (A 3.5, H +6, L 2.5) (1 rat), substantia 
nigra (A 2.9, H +2.5, L 2.5) (2 rats), geniculatum lat- 
erale dorsalis (A 3.5, H +6, L 3.5) (1 rat) and genicu- 
latum mediale (A 2.9, H +4.5, L 3.5) and (A 3.5, H 
+4.5, L 3) (2 rats). 

Two days after the injection, the rats were per- 
fused with physiological saline followed by 500 ml of 
4% paraformaldehyde in 0.15 M phosphate buffer 
(pH 7.2), the brains were postfixed in the same solu- 
tion and kept in sucrose baths. Sections (50 tzm) were 
cut in a vibratome and processed for immunostain- 
ing. Tissue sections were incubated in phosphate buf- 
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fer containing 1% normal sheep serum and 0.3% Tri- 
ton X-100 during 30 min at room temperature. Then, 
the sections were incubated overnight in the same 
phosphate buffer solution containing the AII  anti- 
body at the dilution of 1/2500. After a 30 min wash 
with phosphate buffer, the sections were incubated 
for 2 h with sheep anti-rabbit IgG coupled to horse- 
radish peroxidase as second antibody, diluted 1/250 
in the phosphate buffer solution. Finally, the sections 
were washed in phosphate buffer and the peroxidase 
was revealed by the 3, 3'-diaminobenzidine method. 

The AII  antiserum was generated in a rabbit using 
synthetic human AII  (Peninsula) coupled to human 
serum albumin via glutaraldehyde. Controls were 
carried out, first by preabsorption of the antiserum 
with synthetic AII  (100 pg/ml of diluted antiserum) 
for 24 h and second by omission of the AII  antibody 
in the first incubation bath. In both cases no immuno- 
reactivity was observed on the sections. 

As shown in Fig. 1, AII  cell bodies are widely dis- 
tributed in the thalamus of the rat. In all the thalamic 
nuclei, the immunoreactive neurons were small and 
round with short processes (Fig. 2). After intraven- 
tricular injections of colchicine, AII  cell bodies were 
observed in nuclei placed near the ventricles such as 
paraventricularis, reuniens and medialis dorsalis. 
However, when intratissue colchicine was adminis- 

tered numerous cell bodies were observed ipsilater- 
ally in nuclei surrounding the injection site. On the 
other hand, the extent of AII  neurons was dependent 
on the amount of the drug injected and the volume of 
the solvent. Thus, for example, when 150 pg of col- 
chicine in 3 ~tl was injected in the nucleus lateralis 
posterior at A 2.9, immunoreactive cell bodies were 
observed rostrally at A 5.6 in the nucleus lateralis an- 
terior. However, when the injection was carried out 
in the same nucleus, but 75 ~g of the drug in 1.5 pl 
was administered, AII  cell bodies were not observed 
in the nucleus lateralis anterior. Nevertheless, in 
both cases AII  neurons were visualized in nuclei such 
as geniculatum laterale dorsalis (A 3.5) and lateralis 
(A 4.4) placed nearer than the nucleus lateralis ante- 
rior to the injection site. 

In order to know the distribution of AII  perikarya 
in the thalamus of the rat a cartography of such cell 
bodies was performed. In posterior regions (A 2.9) 
(Fig. 1A) AII  cell bodies were grouped in dorsolater- 
al areas. Thus, immunoreactive cell bodies were ob- 

served in the dorsal region of the nucleus lateralis 
posterior, in the most lateral zone of the geniculatum 
mediale and in the geniculatum laterale. Moreover, 
perikarya containing AII  were found between the ge- 
niculatum mediale and the nucleus praetectalis later- 
alis, as above the latter nucleus. At A 3.5 (Fig. 1B), 
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Fig. 1. The distribution of AII neurons in the thalamus of the rat. AII perikarya are indicated by closed squares, circles and triangles, 
their shape being related to the density of cell bodies ( I ,  high density, > 10 cell bodies; O, middle density, 5-10 cell bodies, &, lower 
density, 1-5 cell bodies). The anteriority of each section is indicated in the upper fight corner. 



Fig. 2. AII cell bodies in the thalamus of the rat. A: round immunoreactive perikarya in the nucleus ventralis posterior (×300). B: 
group of immunoreactive cell bodies in the nucleus medialis dorsalis. Note that the nuclei are not immunoreactive (x 300). C: cluster 
of immunoreactive neurons in the nucleus centralis lateralis (x230). D: immunoreactive cell bodies in the nucleus anterior dorsalis 
(×230). 
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AII  neurons were located in the most dorsal region of 
both nuclei lateralis posterior and geniculatum later- 
ale dorsalis. At the same level a low number of immu- 
noreactive neurons were also found ventrally in the 
geniculatum mediale. More rostrally (A 4.4) (Fig. 
1C), AII  cell bodies were localized in lateral, dorsal 
and midline regions. Thus, AII  neurons were ob- 
served, dorsally in the nucleus lateralis, laterally in 
the nuclei ventralis posterior (Fig. 2A) and ventralis 
medialis (its most lateral region) and medially in the 
nuclei media|is dorsalis (Fig. 2B) and paraventricu- 
laris. A similar distribution pattern was found at A 
5.2 (Fig. 1D), where AII  cell bodies were distributed 
in the nuclei paraventricularis, medialis dorsalis, cen- 
tralis medialis, centralis lateralis (Fig. 2C), lateralis 
and ventralis posterior. More rostrally, the extent of 
immunoreactive cell bodies was lower in comparison 
with caudal regions. Thus, at A 5.6 (Fig. 1E) peri- 
karya were found in the dorsalmost aspect of nuclei 
located dorsally such as medialis dorsalis and lateralis 
anterior. Moreover, AII  cell bodies were also ob- 
served in the nucleus paraventricularis. Finally, at A 
6.0 (Fig. 1F) immunoreactive neurons were found in 
the nuclei medialis dorsalis (dorsal region), anterior 
dorsalis (Fig. 2D) and paraventricularis. Rostrally, a 
low number of AII  neurons were observed in the nu- 
cleus reuniens (not shown). 

Our results are roughly in agreement with a pre- 
vious study on the localization of AI1 immunoreac- 
rive neurons in the CNS of the rat 1°. As in this work, 
we observed AII  immunoreactive perikarya in the 
nuclei paraventricularis, reuniens and centralis me- 
dialis. However, the AII  immunoreactive neurons 
described by these authors 1° in the nucleus parafasci- 

cularis were not found here. Moreover, in our work 
performed after intratissue injections of colchicine, 
AII  immunoreactive cell bodies have been observed 
in thalamic nuclei (lateralis posterior, geniculatum 
laterale, geniculatum mediale, ventralis posterior, 
ventralis medialis, medialis dorsalis, centralis later- 
alis and anterior dorsalis), never reported in previous 
studies 1°-12'15 to contain such perikarya. The discrep- 

ancy between the present data and previous results 
could be due to technical considerations like intratis- 

sue injections of colchicine, as we have pointed out in 
other works 5'6. Thus, when intraventricular or intra- 
cisternal injections of colchicine were carried out in 
the rat, AII  cell bodies were observed in regions next 
to the ventricles (e.g. paraventricularis, parafasci- 
cularis, reuniens) 1°. These data are in agreement 
with our results, since carrying out intraventricular 
injections of colchicine, we have also found immuno- 
reactive cell bodies in nuclei such as paraventricu- 

laris, reuniens and medialis dorsalis, all 3 located 
near the ventricles. However, after intratissue injec- 
tions of the drug, in addition to immunoreactive cell 
bodies next to the ventricles, we have also observed 
AII neurons located far from the ventricles (e.g. ge- 
niculatum mediale, geniculatum laterale, ventralis 
posterior, ventralis medialis). Thus, the intratissue 
injections of colchicine performed in the present 
work could be responsible for the most lateral exten- 
sion of the labeling found in the thalamus of the rat. 
In addition, it seems that to make the immunoreac- 
tive perikarya in the rat thalamus visible, the animals 
have to be pretreated with colchicine. This idea is 
supported by the results of previous studies in which 
no colchicine was administered to the animals 3,11,15, 

since AII  immunoreactive cell bodies were not de- 
scribed in the thalamic region of rats and monkeys. 
Moreover, stained perikarya were not seen in the hu- 
man thalamus 12. On the contrary, using colchicine we 
have observed a wide distribution of AII  cell bodies 
in the rat thalamus. In conclusion, it appears that a 
complete re-examination of the distribution of cell 
bodies containing peptides in the CNS of mammals 
must be carried out performing numerous intratissue 
injections of colchicine into the regions studied. 

Several findings suggest the idea that brain AII  
participates in cardiovascular control and in the regu- 
lation of volume homeostasis TM. However, the wide- 
spread distribution of AII cell bodies in the rat thala- 
mus suggests that the peptide might be involved in 
other functions, e.g., the presence of AII  perikarya 
in the nuclei geniculatum mediale and geniculatum 
laterale could indicate a possible role of the AII  in au- 
ditive and visual mechanisms. 
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AD N. anterior dorsalis 
AM N. anterior medialis 
AV N. anterior ventralis 
CL N. centralis lateralis 
CM N. centrum medianum 
CS Colliculus superior 
GL N. geniculatum laterale 
GLD N. geniculatum laterale dorsalis 
GLV N. geniculatum laterale ventralis 
GM N. geniculatum mediale 
L N. lateralis 

LA N. lateralis anterior 
LP N. lateralis posterior 
MD N. medialis dorsalis 
NCM N. centralis medialis 
Pt N. parataenialis 
PtectL N. praetectalislateralis 
PV N. paraventricularis 
VA N. ventralis anterior 
VM N. ventralis medialis 
VP N. ventralis posterior 
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