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Quú¡ttit. ¡t..l¡\trihut¡lrú.t!.¡tig¡ot.n¡ln Il h¡ntli¡rq sires ¡n rut br ¡,t b! .tukrftt¿¡oxraph!. PEPTIDES 7(4) 679-687.
198ó.-AnSiot.nsi¡ ll bind¡ng sircs \rcrc localizcd ¿nrl qu¡ntified in indivi¡,lual brain nuclci frorn single rats by iocubation
of trssuc sccl¡ons wilh I nM ra¡.lSarrl-angiotcnsin II. frHl-Ultrofilm autoÉd¡o8iaphy. computerized microdensitomelry
and compariso¡ with rr¡-standards. High angiotcnsin l¡ binding was pres€nt in thc circumvcntr¡cular organs (organon
vasculosum laminac tcrminal¡s. orga¡on subfornicalis and arca postrema). in sclccted hypolhalamic nuc¡ei (nuclei su-
prachiasmatis. pcrivcnlricularis and peRvcntricularis) and in rhe nuclcus trac¡us olfactorii lateralis, thc nucleus preopticus
medianus. lhe dorsal molor nucleus ofthe yagus and the nucleus tmctus solitarii. High aflinity (Ka from 0.1 to l.5x l0e M-r)
anliolcns¡n ll bindirg sitcs wcre dcmonitrated in thc or¡anon subfomrcalis, thJ nuclcus tractus solitarii and thc arca
poslrema aftcr incubation of cons€cutivc sect¡ons from single ral brains with ¡r5l-fSartl-angiotcnsin II in conccntmtions
from 100 pM to 5 nM. Thcse rcsults dcmonstmte and chamcterize br¿¡¡ binding sites for angiotensin ll of variable h¡gh
añinily bind¡ng both insidc and outsidc thc blood-brain barricr.

Quantilalivc autorad¡ography Computerized microdensitometry lmage analysis
Circumventricular organs Hypothalamic nuclei Nuc¡cus supmchiasmalis Nucleus paravcntricularis
Eminenlia mcdiana Br¡instcm nuclc¡ Nuclcus tmctus solilar¡us Angiotensin ll reccptors
Neuropapl¡dc receptors

PERIPHERAL angiotensin ll (ATn) acts in the bra¡n to
stimulate drinking. incrcasc blood pressure, and rclease pi-
tu¡tary hormones [l7, 35. 52, ó9]. These effects are mediated,
at least in pan, through stimulal¡on of ATrr rcceptors located
in thc circumventricular organs, arcas acccssible to blood-
borne peptide l2'l -29, 44, 54. 64. 15). ATr b¡nding sites have'
also bccn dcscribed and localizcd in arcas of the brain
protected by the blood-brain barrier. and ¡naccessible to
blood-bome hormone Il9. 25. 27-29. 441. These observations
in conjunction with the pr€sence of all components of the
peripheral AT¡ system in bra¡n fl8,391 suggested that th¡s
peptide could be formed in brain tissue and may aci as a
neuroFansm¡tter or neuromodulator in the central nervous
system.

Early studies into the neural actions of ATx localized
peptide binding sites in large brain a¡eas and characterized
the binding in membrane fractions I3,651. Prcliminary,
semiquant¡tativc studies of rat brain AT¡r binding sites using
autoradiography were recently reported [¡l4]. we present the
complete quantitative localization of AT¡¡ binding sites in
individual rat brain nuclei through the use of autoradio-

graphic methods with image analysis. coupled to com-
puterized microdensitometry. This methodology represented
an advance in both the sensitivity and the anatomical speci-
ficity of receptor binding techniques and can also be used to
localize b¡nding sitcs for other neuropeptides, drugs and
biogenic amines 126,36,74,7ó1. The use of'lsl-ligands of
high spccific activity and comparison with r25l-standards

allowed for shon film exposure times and fast, pi'ecise quan-
titat¡on [27-29, 37¡. Further, complete binding analysis could
be performed in individual rat brain nuclei [27,281, single
pituitary glands [30], and single rat sympath€tic ganglia [49].

ln this study. we ut¡lized ra¡-[Sar']-AT¡¡, a high-affinity
agonist which binds to a singlc class of high affinity, satura-
ble sites in brain tissue I44|, and has a ligand specificity very
similai to that rcported by others using r'¡l-labeled AT
13,651 or lsHl-ATn 17ll. ln autoradiographic studies of brain
and peripheral tissues, non-specific binding using '251-
[Sar']-AT¡ was lcss lhan lG7¿ of total binding f27-29. 551.

Both ATr and fSarrl-ATr showed complete cross-
displacement in hypothalamic membrane binding experi-
ments [43,441 indicat¡ng that both ligands interact with the
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same binding site, as has been reponed for the vascular AT¡l
receptor [23]. These characteristics made rsl_[Sar¡l_AT¡¡ a
suitable ligand for quantitation of brain ATr¡ UinAinj siies. 

-

METHOD

_. Mde Sprague Dawley rats (250 g) werc obtained from
Zivjc Miller, Allison Park, pA. Animals wcrc givcn tap water
and rat chow ad lib and housed in groups of4 at a cbr¡stant
temperature of 24'C, with lighrs on from 06.00 to 18.00 hr.

Rats were sacrificed by decapitation between 09.00 and
I 1.00 and tissues werc immediately removed and frozen by
immersion in isop€nranc (-3eC). Within 24 hr of sacrificJ,
liozen 16 ,¿m thick scct¡ons werc cut ¡n a cryostat at - l4.C;
thaw-mounted onto g€latin-chrome alum coátcd glasg slides,
and dessicated undcr vaccuum at 4.C for at lc¿s-t 2 irr.

Ligand Binding

Within.48 hr of section preparat¡on, ATr¡ b¡nding s¡tes
w-e¡e labelcd in vitro by incubation of sect¡ons witi '¡l-[Sarr]-AT,,, For determination of saturation cur"", and
Scatchard plots in the organon subfornicalh (SFO), ;;
postrema (AP) and nuclcus tractus so¡itsrius (NTS), con_
seclrtive tissue.sections frorrt single rat bnins were pieiniu.
bated for 15 min ar 2üC in I0 mM sodim phosphat; butrcr,
pH 7.4, containing NaCl 020 mM), NarEDTe 13 mtrl¡, Uasi-
tracin (0.I mM) and bovine serum albumin (0.22o), aná thcn
ircubated for 60 min in fresh buffer with conceíirarion, ofral-lSartl-ATu ranging from 100 pM to S nU. Nónspecifrc
9t]ndJng w3s derermined in the prcscnce of 0. t ro 5 ¡.rM un_
Iab€led ATI f27-29). Fot analylis of ATn reccptor density
and localization throughout the brain, additionat sections
were rncubated under the same conditions w.th I nM n5l_
JSar'l-AT¡r.a¡dlonspccific binding determir¡cd in the prei_
e-nce of I t¿M ATr. Aft€r incubation, all slidcs were washed 4
t¡mes (60 sec each) in ice-cold 50 mM Tris_HCl buffer (DH
7.56) and dried under a cold stream ofair.

Prcparction of t sl-Standards

Sets 
-of -rsl.standards were prepared as originally de-

scribed for ¡H-standards 
[74]. Known amounts of-incrc;sing

conccntrations of rtsl.ATr¡ were thoroughly mixcd with rai
brarn trssue al¡quots previously ground to a paste and de_
gassed by rcp€atcd mixing under vacuum. Tlrciliquots were
placed as blocks of tissue on microtome specimén holders
and frozcn on dry ice. Tissuc scctions, t 6 ¡uir thick, were cui
in a cryostat at - l4.C and thaw.mount"d onto subb.d gla$
slides. Parallel sets of slandards obta¡ncA ¡rom cJnsecñivi
sections were used for detcrmination of protein content [40]
and radioactivity.

Autoradiogrophy

Tissue scctions werc placed in cassettes (CGR Medical
Corp., Baltimor-e, MD) along with ¡r¡l-standards and op-
poJed against llHl-Ultrofilm (LKB lndustries, Rockvilli,
MD) at room tempcraturE. The f¡lms werc devcloped at 4.i
for 4 

-min 
with undiluted Dl9 Kodak developer. Á complete

sel of r'sl.standards was processed with evéry cass€tt; and
developed wirh cvcry film. Optical densities were mcasured
by computerized microdensirometry f20l for both '*¡-
standards and speciFrc areas ofbrain sections from each film.

SAAVEDRA gT A¿.

Datu Analysis

- After determination of thc standard curve for each film(ln optic¿l densities x 100 vs ln dpm i" ,t""d-d;i,';'h;
optica_l densities of.the brain areas studi€d *er" interpá-
lated from th€ sraight line of the standard curve to obtainthc corresponding dpm bound to t¡e tissui izi_isi.
Protein concentrations were assumed to be uniform in I6 ¿m
sections rhroughout the brain. Resuhs were corrccted fori;;
decay of 'al. Calculation of the molar quantities oi liganJ
bound to the tissue, saturation curves artA'Scut"f,ara 

"n"iyri,were performed by linear regression followed by .orr.cíion
ror the protein content of thc standards.

Dtugs

.Angiotensin lI (AT,¡) (Sigma Chemicat Co., MO) was dis-
solved in 0.01 N acetic acid and kept in aliquots at -7fCuntil the day of thc expcriment. [Sai']-AT,, (ieninsula Lab_
or¿tories, Belmont, CA) was kcpt frozen until iod¡nation bv
a modified Chloraminc-T method lMcloy Laboratories, Inc.,
Sprilqleld, VA). The spccific activity óf the ',st-¡Sar'j-at,,was 2000 Ci/mmol. r'!l-ATr¡ (specific activitv l28d Ci/mmotj
was obtained from New England Nuclear. Éostcin, MA.

REs¡LTs

ATx binding sites were highly localized in the rat brain
with binding sites concentrated in 24 arcas (Table l, Fig. I
and 2). A 20-fold difference in relarive binding site conón-
trat¡on was noted betweeo the areas with highést concenrra-
tion (organon vasculosum laminae terminalis, OVLT) and
the_lowes concentration of AT,, binding sites (subicirlum¡
(Table l).

ln- the rostral limbic system, ATr¡ binding sites were lo-
cated in the nucleus tractus olfactorii lateralis, and at all
levels ofthe tractus olfactorius lateralis (Tablc I and Fig. l),
High- lcvels of AT,, binding sites occuned in thc circuñen_
lncular organs which include the OVLT. thc organon sub-
fornicalis (SFO), and the area posrrema tAp) lTabie I, Fig. I
and 2). In th€ hypothalamus, ATI bind¡ng sites were locaied
in a few nuclei.'Thc h¡ghest relative deniiry of binding sires
was located in the nucleus suprachiasmatis, followed 6v the
nuclcus per¡ventricularis. High relative concentralions of
Dlnd¡¡g sttes also occurrcd in the nucleus paravcntricularis,
both in i¡s pars parvocellularis and pars magnocellularis, and
¡n the eminentia mediana. The nucleus dorsomedialis con_
tained a somewhat ¡ower concentr¿tion of AT, binding sitei,
similar in its pars dorsalis and pars ventralis tTable I aia fi!.
l). The numbcr of-{Tn binding sires was also tilgh ln rhl
nucleus medianus (Table I and Fig. l).
_ Among the limbic cotical areas, the conex piriformis was

th€ olly arca.containing ATu binding sites (Ta¡le I and Fig.l). AT¡r binding sitc distribution w;s discrete in the suü-
thalamic areas, wherc the nucleus subthalamicus was the
only arca showing ATu binding, and also in the mesence-
phalic arcas, wherc AT¡ b¡nding s¡tes werc restricted to lhe
stranrm griseum superficiale colliculi superioris and the su_
biculum (Table I and Fig. t).

ln the pons, the only area showirE a measurable number
of AT¡, binding sires was the locus ioeruleus (Table I and
Fig. 2). A numb€r of brainstem areas conra¡ned high levels of
AT,, binding sites with thc highest relative concent;tions pres-
ent in the nucleus tractus solitarii (NTS), rhe dorsal motor
nucleus of the vagus and the nucleus tractus commissuralis
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Arca

TABLE I

QUAI{IITATfVE DISTRTBLT¡ION OF ANCIOTENSIN II BINDINC SfTES TN TTiE
RAT BRA¡N

Coordinatest
Dcnsity

(fmol/mg protc¡n)

Rosaral L¡mbic Syslcm
Nuclcus t¡'aclus olfactorii latcralis
Taactus olfactorius latc¡'al¡s

Circ¡¡mvcrtriculsr OrSans
Organo¡ 3ubfom¡calis
Organon vasculosum larninae

tcrm¡nal¡s
Arca postaema

Hyporh¡la¡¡¡us
Nuclcus pc¡ivcnaricula¡is
Nucleu¡ par.¡vcotricularis
Nuclcus supEchissmatis
Nuclcus dorsomcdialis
Emincntia m.diana
Nuclcus medianus

Limb¡c Conc\
Conc¡ piriforrDis

Subthalamus-Mctaúalamus
Nucleus subthalam¡cus

Mcscnccpha¡¡c Rcdons
Stratum griscum supeliciale

colliculi supcrioris
Subiculum

Pons
Locus cocfulcus

Brainstcm
Nuclcus motoris dorr¡lis vagii Bregms.l1.3/14.3 mm
sp 5 (trigcñ¡n¡l trscl) B¡cgm¡.13.3/14.3 mm
Nucleus tractus solf arii

rntcrior Brcgma-|3.3 mrn
intcrmcdiatc Brcgma-13,E mm
Postcrior Brc8rna-14.3 mm

Nuclcus tractus commissuralis Brcgm¿-14.J mm
Infcrior olivary nuclci BreSma- 13.3/13.E mm

35.8 a 4.3
43.7 x. E.2
45.1 t 3.6
44.7 ! 9.2

227.E ! 33.o

ll9.S t l7 .7

9ó.7 r ll.4
62.5 ! 7.0

16l.l 1 6.9
2l.E t 4.5
55.0 r 9.9
9E.3 r 6.t

t6.2 ! 1.9

19.9 ! 4.4

l6.J r 3.2

l3.J r 0.4

25.9 t 6.3

I,{0.6 1 t?.9
2t.E = 3.t

140.2 ! t7 .8
171.6 1 l7.E
72.E t 5.9

l3J.t a t2.l
31.9 ! 4.6

Autor¡diogr¿phic dctcrminations wcrc pcrformcd in tissucs from singlc animals
aftcr incub¡tion with I nM 'rl-[Sar¡l-ATn, as dcscribcd in rhc Mctbod;cdod. Rc-
sults arccxprcss€d as mcan t S.E.M.. for valucs obtai¡ed froñ 5 diflcrcnt animals,
assaycd individually.

'Nomcnclalurc and coordina!.s arc accordinS to Kóni8 and Klippcl []41 aod
P¿xinos and Watson for thc pors and brainstcñ arcas {501.

A 5910 p
A l1050p
A E920 p
A6il p

A 62E015(fr y
A 6790 ¡t

Brcgr¡¡a- lJ.E mm

A 62ü15180 p
A 5ffi15140 p
A ó2Ed5?80 ¡
A 4230 p
A 4230 p
A 7020 p

A 105006790 ¡

A 3430 ¡

A 1610 p

A 1610 p

Bregma-9.E mm

(Table I and Fig. 2). Binding sites w€re also present, al-
though in lower relative conccnralions, in the trigeminal
tract and in thc inferior ol¡vary nuclci (Tablc I and Fig. 2).

ln addition ro localizstion of sp€cific AT¡ binding sites,
these sites were charactcrizcd in the SFO, the NTS, and the
AP by ¡ncubation of consecutive tissue sections obtairied
from single rat brains with incrcasing conccntrat¡ons of tsl-
[Sart]-ATr. All threc arcas showcd binding sites w¡th high
variable affinity b¡nding K^ l.5x l0e M-r, 0.56x 100 M-t, and

0.36x loe M-r for the SFO, AP, and NTS, respecrively). The
maximal binding capacity was 265, 552 and 1127 fmol-/mg
prote¡n, for the SFO, AP, and NTS, respectively (Fig. l).

DlscusstoN

Our results showed a distribution of AT¡r binding sites
similar to lhat observed after binding of AT¡¡ to membrane
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ANGIOTENSIN BIND¡NG IN RAT BRAIN

fractions obtained from gross dissection of the brain. With
these methods, AT¡ binding sites were reponed to be con-
centrated in the thalamus-hypothalamus region. midbrain,
and septum [31. We found high AT,¡ binding site concenrra-
lrons In discrete areas within these regions. Our results agree
with.and ex¡nnd an carlier study on thc semiquantita'tive
distribution of ATu sites in the rat bra¡n by auroradiography
[44J. However, rhe ATfi binding site disrriburion shówn in
Fig. I and 2 is quite different from that reponed for other
neuropeptides or amines [36. 56, 57 , 63, 76].

High levels of ATu binding sitcs were found in the cir-
cumventr¡cular organs, structures lackins a blood-bra¡n bar-
rier and exposed to blood-borne p€ptides (251. ln the SFO, a
structure recognized as a target sitc for blood-bome ATI
1641. there were high concenrrations of h¡8h aflinity AT,,
binding sites (f251 and Fig. t). Physiological, bioi¡Lmicai
and behavioral evidence slrongly suggest that these s¡tes
could be considercd ATrr receptors. Neurons with¡n the SFO
are sens¡tive to ionrophoretically applied ATn l4El. periph-
eral administration of AT,¡ increases drinking and blood
pressure by stimulation of rhe SFO [64], effecrs which are
concommitant with increased metabolic act¡vity in this sruc-
ture 12ll and which are blocked by lesions of the organ or by
d¡sruption of its affercnt connect¡ons [3E¡. The number of
AT,, receptors in the SFO increas€s after lvater deprivation
1431, a state characterized by high levels of circulating AT,,
f4l I and demonstrating an upregulation of AT¡r binding sites.

. Th-c A'T¡ binding sites in another circumventricular organ,
!lr9 OVLT. may also be physiologically active AT,, recepiors
127. 54. &. 67. 75j. This srrucru¡c conrains ATu-seniitive
neurons f33l and lesions ofthe OVLT resulted in a blockade
of the effects of ¡ntracerebroventricularly administered AT¡r1521. - ,-

Both the SFO and OVLT areas are structurally associated
with thc anterior wall of the third ventriclc (anteroventral-
third-ventricle. AV3V). an area involved in cardiovascular
control and fluid regulation J?l, Neural connect¡ons have
been described between the SFO and OVLT and orher
AV3V areas. such as the nucleus preopticus medianus
f39,451. The nucleus preopticus medianus also contains
neurons sensitive to AT,, [33, 52, 54j. With immunohis.
tochemical techniques, at least part of these connect¡ons
have been shown to contain AT¡, [39]. We repot high con-
centntions ofATI binding sites in areas along th€ wall ofthe
third ventr¡cle. including the nucleus preopticus medianus. lt
:s ofinterest to note that the metabolic activity ¡n the nucleus
reopticus medianus ([22], Kadckaro, Gross. Saavcdm, and

s .kolofi, unpubl¡shed results¡ ¡ncreased dur¡ng dehydrat¡on
in p.rallel to the increased metabolic activity in the SFO.
These AV3V associated structures also poss€ss h¡gh
angiotensin convening cnzyme activity [15. 59, 6l], indicat-
ing that ATx may be formed cndogenously in the SFO and

6ltl

related areas. Lesions of the AV3V area block ¡he actions of
circulating as well as cen¡rally administered AT¡r [7.8].
Therefore, evidence shows that ATr¡ may be considered a
neuromodulator in specific structures within the AV3V area
and that this region may be a target site for interactions
between the peripheral and central ATrr systems.

ATu binding sites also occur in bmin areas protected by a
blood-br¿in barrier and which contain all of the components
of the angiolensin system. For example, binding sires for
ATx wcre concentrated in a few hypothalamic areas. such as
the nucleus paraventricularis. This nucleus is involved in the
formation of the antidiuretic hormone vasopreslin f701. and
sends axons to the posterior pituitary where the hormone is
released ¡nto the general circulation. ATx and vasopressin
were shown to be colocal¡zed within the same magnocellular
neurons [321. The AT¡ binding sites within rhe nucleus
paravenricular¡s may form pan of a cental pathway where
ATI regulates the secretion ofvasopressin [58] in addition to
the well establisbed SFO neuronal circuit which responds to
circulat¡ng AT., [61. A physiological link between the hypo-
thalamic AT¡r and vasopressin systems was provided by the
demonstration of altered angiot€nsin converting enzyme ac-
l¡vity ¡n bypothalamic nuclei and rhe posterior pituitary of
Brattleboro rats, animals unable to synthesize vasopressin
ll1,601. AT¡' activ¡ty in the nu';leus paraventlicularis could
also be related to the central control of anterior piruitary
function, through a modulation of the formation or release of
the corticotrop¡n rcleas¡ng factor , 5, 391.

Of part¡cular interest was lhe presence of AT¡¡ binding
sites in the eminentia mediana, a structure outside the
blood-br¿in barrier, which contains AT,¡immunoreacttve fi-
bers [39]. The sites described here could represent another
site ofaction in addit¡on to anrerior pituitary sites [29.47] for
circulating ATr¡ in the control of anterior pituitary function
f35,691.

We found a high concentration of AT¡r binding sites in the
nucleus suprachiasmatis, suggesting an unsuspected role of
central AT¡r in thc regulation of circadian rhyrhms ta6.!81,
The olfactory areas were also identified as containing ATrl
binding sites (Fig. ¡) 03,241. In addition, infusion of AT¡, into
the olfactory bulb clicits drinking with a remporal parrem
different from that obtained after rhe stimulation of rhe SFO
[3]. These findings indicate that brain AT,, mighr play a
physiological role in olfactory functrons.

The brainstcm had high levels ofAT binding bur only in a
few areas. Very high concentrations of single class. high
affinity ATÍ binding sites were present in the NTS I-iJl. ¿¡
area imponant in cafdiovascular control and barorefler regu-
lation Ió1. Alterations ¡n central AT¡¡ activity hale been
associatcd with spontaneous (g€netic) hypenension f4. lO.
14, 671. Angiotensin converting enzyme antagonisrs and
angiotensin blockers lower blood pressure in spootaneously

FACINC PAGE

FlC. I r'51-lsarrl'AT" bind¡ng ¡n braiñ arcas of the rat. Right sidc: drawinSs accordinS to Kónig and Klippel J34j. Lcft side: auroradiographs
after incubation ofsccl¡ons \vith I nM tt't-[Sar¡l-ATn. Numbcrs rcprcscnt rostro-caudai coordinátcs accord'ingio kóÍis and Kl¡ppel l,]Ji TbL
l: lractus llfaclorius latcral¡s. pars intcrmed¡a. TOL V: raclus olfac¡orius latelll¡s. pars vcntml¡s. CpF: cortex piriformis. VL: l¡reral
venlriclc. TOL: tractus olfactorius latcralis. OVLT: organon vasculosum la¡n¡nac Icrmintis. pomc: nucleus prcopticui mcdianus, Vlll: rhird
venlric¡e SFO: or¡aron subfotnical¡s. pvs: nucleus perivcnlricularis (hypothalami). hpv: ¡¡ualcus pcrivcntriculiris. sc: nucleus supr¡ch¡as-
malis. ol: nucleus lraclus olfactori¡ lat.ralis. fp: nlclcus paravenlricularis pars parvoccllularis. fm: nuclcus paravcnricularis pars ;agnoccl,
lularis. hdd: nucleus dorsomcd¡alis pars dorsalis. hdv: nuc¡eus dorsomedial¡s pñrs venralis. ME: emincntia mediana. sut: nucleus sub-
thalamicus. SCS: strarum Sriscum supcrficialc colliculi sup€rioris. AC: aqu€ductus ccrcbri. S: subiculum.
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BOUND tpMl
FlG,.1. Scarchard an¡lysis of spccific r$l-fSar'i-AT,, binding to thc
SFO (uppcrpan.l, NTS (middtc pancl) and Apliowci pancl¡.-Tissuc
sect¡ons from singlc animals wcrc incubarcd wlh ri¡l-ts;rl-AT¡¡
concenrmtions ranging from 100 pM to j nM tscc thc ML¡hoá scc-
Iton), Eách curva rcprcsants one typical cxpcriñcnt which wás rc_
pcatcd with ¡r lcast ,l diffcrcnt rats. Each frint rcprcs€nls thc avcr_
age ofat lcast 3 op(ical dcns¡ty rcadingj at rh¡f conccntrarion of
bound lig¡nd. Or8¡non subfomical¡s: ¡-0.93; nuclcus t-"tu. ,ol.
itari¡: r=0.8E; ¡rea postrcrna: r=0.g9.

hypenensive rars {41, 52, 53, 66, 73j. Additionally, microin_
Jections of ATfl into thc NTS werc shown to produce dose_
depcndent incrcases in blood pressure which wcrc similaito
¡ncreases seen after intravcntricular injcction of AT,, [9],
ATr¡ immunoreactive cells and fibers have Ueen i¿entifiei in
the NTS [39] as weli as high levels ot ttre angioteniin con_
venrng-enzymc [¡21. AT,, b¡nding allinity was increased in
thc NTS of sponaaneously hypertensive rats f551. These ob_

ó85

scrvations suppot the hypothesis of a functional local AT,,
system in the NTS and suggest thar b¡ndins,¡r"ii"i tili
coutd fepresent physiologically active AT,r receptors in this
nucleus.

The AP, a circumvcntricular organ, is another brainstem
area.rich_-in AT,r binding sites. This area contains AT,,_
positive fibers [39], and is one of the brain.s AT,¡sensirive
sites [72]. Thc AP also has very high angiotensin ionvenine
enzyme activity [59]. Thus, a local ATr¡ system may alsó
fu¡ction in this area and as seen with thé oiher circumven-
tricular organs, the AP may represcnt a site for interactions
b€tw€en thc peripheral and central ATu systems.l ¿

Th€ dcmonstn¡ion of AT¡ binding iites in the locus
cocruleus ([¡l4J and Fig. 2) in conjunctión with the NfS and
APdemonstrates that a large ponion ofthe central actions of
ATÍ occurs in srcas ¡nvo¡vcd in the central rcgulation of
sympathetic activity [2,16]. In these areas, as well as thc
nuclei paravcntricularis and periventricutaris, nf,, Uin¿¡nc
srtcs may bc associated with catecholamine cell bodies aná
terminals. ATü has been shown to stimulate nor"pi*pirrin"
rclease.from_ pcripteral sympatheric nerves 162¡' and caii_
cholam¡ne rcleasc from the adrenal medulla {S il, á tissue rich
in ATr binding sites [28,31].

In_conclusion. our results indicate that there is a very
specific distribution of AT¡ binding sites in the rat brain'.
Some of rhese areas showed variable high aflinity bin<iing,
suggest¡ng that thcrc may be difTerences in classei of recei_
tors. Some areas such as thc circumventricular organs arid
d¡lcrete ar€as of the hypothalamus an¿ Ura¡nsteri cónüin
AT,¡ binding s¡tcs as well as immunoreactive nUers anj ceii
bodies [39] and large amounts of angiotensin 

"onn."i""cnzyme [ 10, 15, ó¡]. These areas could be considered sites oi
action for a local AT¡ system as *ett 

"s 
t"rget iliiilor.

perirheral-central ATu interactions. Othcr braiñ areas such
as.the nucleus supraopticus, stria terminalis or somi ámy!_
daloid and thalamic nuclei have ATu cell bodies or fibers úír
no ATr binding sites [39]. The appárent lack of corrclarion
between thc prcsence of neurotransmitters or neuropeptides
and their binding sitcs is not uncommon ¡n the brain a;d has
preJ¡ously been rcponcd for neurotensin, substdnce p, and
atrial natriurctic factor [5ó, 57, 63]. The disrribution olAT,,
brndrng sites as wcll as AT¡ immunorcactivity and conven-
rng enzym€ suggest that ATu may be an important neuro-
modulator w¡th sclect¡ve and prccise functións within the
central nervous system.
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