
by chromosomal translocation, either of 
which results in the juxtaposition of the 
tcl-1 gene and the a-chain locus (Fig. 4). 
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Atriopeptin-Immunoreactive Neurons in the Brain: 
Presence in Cardiovascular Regulatory Areas 

Abstract. Antisera to atriopeptin III and to a cyanogen bromide fragment of the 
precursor molecule atriopeptigen were prepared and used to examine the distribu- 
tion of atriopeptin-like immunoreactive material in the heart and brain of the rat. 
Granules of this material were seen in myocytes throughout the right and left atria 
and were densest in the perinuclear region. The distribution of atriopeptin-like 
immunoreactive material in the heart is consistent with previous reports of atrial 
secretory granules. In the brain neurons containing the material were observed in the 
hypothalamus and the pontine tegmentum. Atriopeptin in the brain may serve as a 
neurotransmitter in neural systems controlling blood volume and composition, the 
same physiological functions regulated by blood-borne atriopeptin. 

It has been known for over 20 years 
that atrial myocytes contain secretory 
granules, but the function of these gran- 
ules has remained obscure. Recently, 
peptides isolated from atria have been 
shown to have natriuretic and smooth 
muscle relaxant effects (1). Several of 
these atrial peptides (atriopeptins) have 
been purified and their amino acid se- 
quences determined (2). The availability 
of synthetic atriopeptins and an isolated 
purified fragment of the high molecular 
weight precursor has allowed prepara- 
tion of antisera for use in radioimmuno- 
assays and immunohistochemistry. Us- 
ing the latter method, we found that 
atriopeptin-like immunoreactivity is pres- 

ent in the atria in a pattern that implies 
its presence in atrial secretory granules. 
We also identified atriopeptin-like immu- 
noreactive (APIr) neurons in the brain. 

Two different antisera to synthetic 
atriopeptin I11 (AP 111) and one antise- 
rum to a high molecular weight cyanogen 
bromide fragment of the atriopeptigen 
precursor (HMW AP) were prepared (3). 
The specificity of these antisera was 
examined by measuring the displace- 
ment of [ 1 2 5 ~ ] ~ ~  I11 by unlabeled AP 111. 
Both antisera to AP I11 showed 100 per- 
cent cross-reactivity with biologically 
active atriopeptins I and I1 (2). However, 
neither showed significant cross-reactiv- 
ity with two biologically inactive atrio- 

peptin analogs: (i) the fragment of AP I11 
consisting of amino acid residues 13 to 24 
and (ii) AP I11 containing an inversion of 
the arginine-isoleucine sequence at posi- 
tions 7 and 8. The antiserum to HMW 
AP was 100 percent cross-reactive with 
atriopeptins I and 11. Ten percent of the 
binding of [ ' 2 5 ~ ] ~ ~  I11 was displaced by 
equimolar concentrations of HMW AP, 
but the biologically inactive atriopeptin 
analogs were without effect. 

The two antisera to AP I11 (ATRP1 
and ATRP7) and one antiserum to HMW 
AP (ATRPI 1) were used for immunohis- 
tochemical staining of the heart (4). Al- 
though the staining with ATRP11 was 
heaviest, the pattern of APIr staining 
was confirmed with the two AP I11 anti- 
sera. There was staining of granular ma- 
terial in myocytes throughout the right 
and left atria; the granular immunoreac- 
tive material was densest in the perinu- 
clear region (Fig. 1A). No staining was 
seen in the ventricle (Fig. 1, C to D). 
Atrial staining by ATRP1 1 was abolished 
by preadsorbing 1 ml of the diluted anti- 
serum with 50 pg of HMW AP (Fig. 1B) 
and was partially blocked by preadsorp- 
tion with synthetic AP 111, but was not 
blocked by AP 111-(13-24) or by AP I11 
containing the inversion. Staining with 
AP I11 antisera was completely blocked 
by preadsorption with synthetic AP I11 
but was not affected by preadsorption 
with either of the biologically inactive 
atriopeptin analogs, and was only par- 
tially inhibited by keyhole limpet hemo- 
cyanin (KLH) (3). 

The granular distribution of APIr 
staining in the heart was consistent with 
the localization of atriopeptins in secre- 
tory granules in atrial myocytes (1). In 
electron micrographs secretory granules 
tend to be localized most densely in the 
perinuclear region of these cells (I), and 
APIr granules in our material matched 
this distribution. We conclude that our 
antisera were probably staining immuno- 
reactive atriopeptins in atrial secretory 
granules. 

The brain was examined for APIr 
staining in a series of 11 rats. In one 
animal, which had not been treated with 
colchicine, two main groups of APIr 
fibers were visualized with the antiserum 
to HMW AP. In the hypothalamus la- 
beled fibers extended from the periven- 
tricular nucleus into the medial preoptic 
area, the ventral and lateral parts of the 
bed nucleus of the stria terminalis, the 
lateral hypothalamic area, and the para- 
ventricular and arcuate nuclei. A second 
heavily stained bundle of fibers was seen 
in the pons emerging from the periven- 
tricular gray matter of the fourth ventri- 
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cle. These fluorescent axons took a para- 
median course rostrally and ventrally to 
innervate the dorsal and lateral divisions 
of the interpeduncular nucleus. No stain- 
ing of neuronal perikarya was seen in 
this brain, and neither cell nor fiber 
staining was seen in similar material 
from another rat stained with the AP 111 
antisera. The remaining rats received 
colchicine (150 to 300 pg, intraventricu- 

larly) 27 to 40 hours before being killed 
to block axoplasmic transport and in- 
crease peptide content in neuronal cell 
bodies (5). The heaviest staining was 
once again achieved with the HMW AP 
antiserum but was confirmed with the 
two AP 111 antisera. Control incubations 
in which the HMW AP antiserum had 
been preadsorbed with HMW AP, or in 
which either of the AP I11 antisera had 

Fig. 1. Photomicrographs showing the appearance of immunohistochemical staining of the heart 
and the brain for AP 111 with antiserum ATRPI. (A) Granular appearance of APIr material in 
myocytes from the right atrium. The nucleus of one myocyte is seen as an unstained oval area 
(arrow) surrounded by a dense cluster of labeled granules. (B) Absence of granular label in a 
similar atrial preparation in which the ATRPI antiserum was adsorbed with AP 111. (C) Section 
through the left ventricle stained for atriopeptin; the muscle striations are faintly seen but no 
granular material is stained. The contrast between staining of atrium and ventricle is seen in (D), 
which shows the atrioventricular junction. Atrial myocytes (a) with granular staining are seen 
juxtaposed on the same section with ventricular tissue (v) that does not stain. (E) Bright-field 
appearance of a thionin-stained section through the preoptic area (MnPO, median preoptic area; 
OC, optic chaisrn; TV, third ventricle). The anteroventral periventricular preoptic nucleus 
(AVPV) is a distinct cell cluster that corresponds to the APIr cell group seen in a fluorescence 
photomicrograph of a similar section from the contralateral side of another brain (F). (G) Higher 
magnification view of the AVPV APIr neurons. (H and I) Fluorescence photomicrographs of a 
section through the AVPV, illustrating six neurons retrogradely labeled with fast blue after the 
injection into the parabrachial nucleus; four of these neurons are stained immunohistochemical- 
ly for AP III (arrows) while two others are not (arrowheads). The photograph in (H) was taken 
with a Leitz A filter and the photograph in (I) with a Leitz I2 filter. 

been preabsorbed with synthetic AP 111, 
showed no neuronal staining. Prior incu- 
bation with either of the biologically in- 
active AP I11 analogs did not affect the 
staining. Adsorption of HMW AP antise- 
rum with AP 111, or of AP 111 antisera 
with KLH (3), resulted in diminished 
intensity of staining. 

Immunohistochemically stained neu- 
ronal cell bodies were found in two re- 
gions. The largest collection of APIr 
neurons was found in the hypothalamus. 
A dense cluster of small, bipolar APIr 
neurons was seen in the anteroventral 
periventricular preoptic nucleus adjacent 
to the wall of the most anteroventral 
extreme of the third ventricle (Fig. 1, E 
to G). Immunoreactive perikarya were 
found extending laterally into the medial 
preoptic area, the preoptic part of the 
bed nucleus of the stria terminalis, and 
the ventral pallidum. More caudally, 
APIr neurons were seen along the wall of 
the third ventricle, in the medial parvo- 
cellular part of the paraventricular nucle- 
us, and in the periventricular and arcuate 
nuclei. Other APIr neurons extended lat- 
erally, bordering the dorsal and ventral 
edges of the paraventricular nucleus, and 
invaded the perifornical region. A sepa- 
rate collection of larger, multipolar APIr 
cell bodies was seen in the lateral hypo- 
thalamic area as far caudally as the pre- 
mammillary region. 

The second region containing APIr 
neurons was the pons. Rostrally, these 
large multipolar neurons were scattered 
in the periaqueductal gray matter just 
lateral to the dorsal raphe nucleus. As 
the cerebral aqueduct opened into the 
fourth ventricle, APIr neurons became 
more numerous, forming a cluster in the 
laterodorsal tegmental nucleus at the lat- 
eral corner of the periventricular gray 
matter. Some APIr neurons spilled later- 
ally into the pedunculopontine nucleus, 
surrounding the superior cerebral pedun- 
cle at this level. More caudally, as the 
locus ceruleus became more prominent, 
APIr neurons were found in the parame- 
dian area of the floor of the fourth ventri- 
cle, surrounding the dorsal tegmental 
nucleus, and scattered in the remaining 
periventricular gray matter. 

The distribution of APIr neurons in the 
anteroventral third ventricular region is 
of special interest, as lesions in this area 
have profound effects on fluid and elec- 
trolyte balance in rats (6). Animals with 
lesions do not spontaneously drink suffi- 
cient quantities of fluids and become 
hypovolemic and hypernatremic. The 
identification of the neural connections 
of the APIr neurons will be useful in 
determining whether b y  participate in 
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regulation of the fluid and electrolyte 
balance. 

We previously traced fibers from the 
area surrounding the anteroventral third 
ventricle to the portion of the parabra- 
chial nucleus involved in cardiovascular 
regulation (7). We therefore prepared 
two additional rats by injecting fast blue 
dye, a retrograde fluorescent tracer, into 
the parabrachial nucleus 1 to 2 weeks 
before colchicine treatment. Sections 
through the preoptic area were stained 
by indirect immunofluorescence for 
APIr neurons. In each animal retro- 
gradely labeled neurons were identified 
in the medial and periventricular preop- 
tic nuclei in the area containing APIr 
neurons. When viewed with fluores- 
cence illumination to demonstrate immu- 
nohistochemical staining, most of these 
retrogradely labeled neurons were also 
positive for APIr material (Fig. 1, H and 
I). 

The presence of APIr neurons in the 
brain suggests that atriopeptins, like 
many other peptides, serve as central 
neurotransmitters or neuromodulators as 
well as hormones (8). The presence of 
APIr neurons in the anteroventral third 
ventricular region further suggests that 
atriopeptins modulate the same physio- 
logical responses systemically and in the 
central nervous system. Such a dual ac- 
tion has recently been proposed for cor- 
ticotropin-releasing factor in cardiovas- 
cular regulation (9) and for cholecystoki- 
nin in the modulation of feeding (10). 

Perhaps more apposite is an analogy 
with angiotensin 11, which acts systemi- 
cally to regulate blood pressure and elec- 
trolyte composition (1 1) .  Blood-borne 
angiotensin I1 is thought to enter the 
central nervous system through the sub- 
fornical organ, a circumventricular organ 
that lacks a blood-brain barrier (12). Sub- 
fornical organ neurons send projections 
into the hypothalamus that are believed 
to be involved in regulating blood vol- 
ume and composition (13). Angiotensin 
11-like immunoreactivity was recently 
described in subfornical organ neurons, 
in which it may serve as a neurotrans- 
mitter (14). By comparison, APIr neu- 
rons in the periventricular preoptic area 
are adjacent to the organum vasulosum 
of the lamina terminalis, another circum- 
ventricular organ (12). It is possible that, 
in this location, they might be influenced 
by blood-borne factors, perhaps even 
systemic atriopeptins. Our finding that 
APIr neurons in the anteroventral peri- 
ventricular preoptic nucleus innervate 
the part of the parabrachial nucleus in- 
volved in cardiovascular control sup- 
ports the hypothesis that atriopeptin in 
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the central nervous system plays a role 
in the regulation of blood volume and 
composition. 
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Distribution of Enkephalin Immunoreactivity in Germinative 
Cells of Developing Rat Cerebellum 

Abstract. The cellular distribution of enkephalin, an endogenous opioid, in the 
developing rat cerebellum was determined by immunocytochemistry. Methionine 
and leucine enkephalin were concentrated in the external germinal layer, a matrix of 
proliferative cells; staining was cot$ned to the cortical cytoplasm. Enkephalin was 
not detected by immunocytochemistry in diferentiated neural cells. These results 
indicate that endogenous opioids are involved specifically in early phases of nervous 
system development, particularly cell prol$erarion and differentiation. 

Endogenous opioid systems have been brain (and body) tissues during ontogeny 
implicated in a wide variety of functions (5, 7, 8). The highest (and sometimes 
(I), including the regulation of nervous only) levels of opiate receptor binding 
system development (2, 3). Endorphins and of tissue endorphins often occur 
are present in the plasma and brain tissue during development (5, 6, 8).  When in- 
of developing organisms (4-6), and opi- fant rats receive the potent opioid antag- 
ate receptors have been identified in onist naltrexone in a dosage regimen that 
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