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Influence of Angiotensin II Receptor Subtypes of the
Paraventricular Nucleus on the Physiological Responses
Induced by Angiotensin II Injection into the Medial
Septal Area

Wilson Abréo Saad, Luiz Antonio de Arruda Camargo

Araraquara - Taubaté, SP - Brazil

Objective - We determined the effects of losartan and
PD 123319 (antagonists of the AT, and AT, angiotensin re-
ceptors, respectively), and [Sar!, Ala®] ANG II (a relatively
peptide antagonist of angiotensin receptors) injected into
the paraventricular nucleus (PVN) on water and 3% NaCl
intake, and the diuretic, natriuretic, and pressor effects
induced by administration of angiotensin Il (ANG II) into
the medial septal area (MSA) of conscious rats.

Methods - Holtzman rats were used . Animals were
anesthetized with tribromoethanol (20 mg) per 100 grams
of body weight, ip. A stainless steel guide cannula was
implanted into the MSA and PVN. All drugs were injected in
0.5-ul volumes for 10-15 seconds. Seven days after brain
surgery, water and 3% NaCl intake, urine and sodium
excretion, and arterial blood pressure were measured.

Results - Losartan (40 nmol) and [Sar’, Ala®] ANG II
(40 nmol) completely eliminated whereas PD 123319 (40
nmol) partially blocked the increase in water and sodium
intake and the increase in arterial blood pressure induced
by ANG II (10 nmol) injected into the MSA. The PVN admi-
nistration of PD 123319 and [Sar!, Ala®] ANG II blocked

whereas losartan attenuated the diuresis and natriuresis
induced by MSA administration of ANG I1.

Conclusion - MSA involvement with PVN on water
and sodium homeostasis and arterial pressure modulation
utilizing ANGII receptors is suggested.
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Considerabl e evidence supportsthe notionthat brain
angiotensinll (ANG 1) playsanimportant roleintheregu-
lation of pressor responses, thirst, sodium appetite, and
release of vasopressin 3. The paraventricular nucleus of
thehypothaamus(PV N) isknownto beanimportant center
for integrating theneural signal sof pressor response*?, the
regulation of vasopressin releasefrom the pituitary 67, and
the mediation of the dipsogenic action of ANGII [5]. The
medial septal area(MAS) aswell asthePVN arebrain struc-
turesinvolvedinfluid electrolytic and cardiovascul ar regu-
lation®%,

Recently, 2 angiotensin receptor subtypes 1 and 2
have been identified on the basis of selective antagonists.
Although most brain nuclei expressing ANG |1 receptors
contain only 1 subtype, some nuclei express amixture of
AT, and AT, receptors %,

PVN isknownto contain predominantly AT subtype
receptors ¥, but it has been shown that the excitatory
action of angiotensin on paraventricular neuronsis also
antagonized by the ANG || receptor subtype AT, '*%°. Both
AT, and AT, sitesare also found in the septum?.

Becausethe septum hasknown anatomic connections
with PV N 8322 weinvestigated the effect of previousPVN
treatment withlosartan, PD 123319, or [Sar?, Al&]] ANG|
(ANGI|I receptor antagonists) on thewater and salt intake,
urineand sodium excretion, and blood pressure responses
induced by administration of ANGI1 intothe(MSA).

Methods

Malealbino Holtzman ratsweighing 250-300 grams
were used in all experiments. Therats were individually
housed in atemperature-controlled room (23+2°C) witha
12:12-hour light-dark cycle. Food pellets (Na+ content —
5mEg/100 g) and water wereavailablead libitum except as
noted. All experimentsbeganat 09:00 AM.
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Animals were anesthetized with tribromoethanol
(20mg) per 100 gramsof body weight, ip).

A stainlesssted guidecannula(0.6 mmouter diameter,
0.33mminner diameter wasimplantedintoM SA by usingthe
following coordinates: 1.20—1.00 mmanterior tothebregma
inthemidline, andtoadepthof 4.2 mmfromtheduramater. For
cannulaimplantationintothePVN (unilateraly) thefollowing
coordinateswereused: 0.2—0.6 mmateral tothesagittal line,
6.0mmdowntheduramater and 1.8— 2.0 mm posterior tothe
bregma. The cannulawas securedtothetop of theskull with
dental cement and fastened with 2 screws. Theinsertionof a
closefitting stylet kept thelumen free of debrisand clots. A
prophylacticdoseof penicillin (30000 | U) wasadministered 3
daysbeforeand 3 daysafter surgery.

After brain surgery, theanimalswerereturnedtoindi-
vidual metabolic cages, with freeaccessto granular rations
andtap water for 1 week until the day of theexperiment. A
dental needle (0.3 mm od) 2.0-mmlonger thanthe cannula
fixedtotheskull wasusedfor injectionsof al thedrugs. The
needle was connected by PE-tubing to a Hamilton-type
syringe(5pL) kept outsidethecage. All drugswereinjected
ina0.5-pL volumesfor over 10-15 seconds.

Todeterminetheaccuracy of MSA or PV N placement,
the animalswerewas offered drinking water immediately
after ANG 11 (10 nmoal) injection. Water ingestion (4 mL)
within 15 minutesof theinjectionwaspresumptiveevidence
of correct positioning of the cannulaintothe M SA or PVN.
Thistestwasperformed at least 72 hoursprior to theexperi-
ment for water and sodiumintake.

Seven days after brain surgery, water and 3% NaCl
intakewere measured in different groupsafter injection of
sdine(0.15M NaCl) and ANG 1 (40nmol) intothe M SA.
Theeffect of pretreatment withthe ANG | receptor antago-
nists on ANG Il-induced water or 3% NaCl intake was
testedwith[Sar?, Al&f] ANG I (40nmoal), losartan (10nmol),
and PD 123319 (10 nmol) injectedintothe PV N 15 minutes
beforeANG 1 injectionintotheM SA. Water and 3% NaCl
intakewererecorded at 30-minuteinterval sfor 2 hoursafter
theinjection of the antagonists.

Fivedaysafter brain surgery, catheters (PE-50 polye-
thylenetubing) wereinserted with theanimal sanesthetized
with 2,2,2-tribromoethanol (20 mg) per 100 gramsof body
weight into the superior vena cavaviatheright external
jugular vein, withthe oppositeend externalized betweenthe
scapular. Two days after surgery, animals underwent the
experimental session. After 12 hoursof water and 3% NaCl
solution deprivation, the catheterswere connected to 10-mL
syringes driven by aHarvard A pparatus infusion pump.
Intravenousinfusion of hypotonicsaline(0.08M at 1.5mL/
h) was started to promote urinary flow, and 3 hours were
allowedfor equilibration. Urineexcretionwasrecorded at
30-minuteintervalsfor 2 hoursafter injection of theANG |
antagonists. Different groupsreceived isotonic salineand
ANGIIintotheMSA, andthe ANG || antagonistsintothe
PVN 15minutesbeforeANGII.

Meanarteria pressure(MAP) wasrecorded in unanes-
thetized and unrestrai ned ratsthrough polyethylenetubing
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(PE-10 connected to aPE-50) inserted into the abdominal
aortathrough thefemoral artery with the animal sanestheti-
zedwith 2,2,2-tribromoethanol (20mg/100g body weight) on
the day before the recording. The polyethylene tube was
tunneled subcutaneously to the back of the rat and was
connected to a Statham (P23Db) pressuretransducer (Sta-
tham-Gould) coupled to amultichannel recorder (Physio-
graph, Narco Bio-Systems). Thedrugswereinjected accor-
ding to the same protocol described above.

Angiotensin Il and [Sar?, Ala®] ANG Il (Sigma),
losartan, and PD 123319 (DuPont-Merck).

Sodium concentrationsin urine samplesweremeasu-
redwithaNOV A 1+1apparatus.

Attheend of the experiments, theratswere anestheti-
zed with ether and a10% salineand 10% formalin solution
was perfused through the heart. The brainswereremoved,
fixedin 10%formalinfor 1 week, frozen, cutinto 20-30 um
sections, and stained with hematoxylin.

Dataarereported asmeans+ SEM. Theresultswere
statistically examined by using one-way anaysisof varian-
ce(ANOVA), followed by comparisonsbetweenindividual
meansby using the Newman-K eulspost hoctest. Differen-
cesat the5%leve (p<0.05) wereconsidered significant.

Results

Only animalsinwhichtheinjectionwasplacedinthe
M SA wereusedinthisstudy. ThePVN parametersstudied
were observed in subjectsthat had theinjection placed in
thelateral parvoce lular and medial posterior magnocel lular
subdivisions of the PV N but not in subjectsin which the
injectionswere placedinthefornix, zonaincerta, reuniens
thalamic nucleus, dorsal and medial parvocellular, or peri-
ventricular subdivisionsof thePVN.

Effectsof [Sar?, Al&f] ANGII, losartan, or PD123319
injectedintothe PV N onwater and salineingestioninduced
by ANGII injectedintotheM SA.

The water ingestion observed during 2 hours of the
control experiment (0.15M NaCl) and with theinjection of
the angiotensin antagonists are presented in figure 1.
Analysisof variancefor the 2-hour cumulativewater intake
indicate that the different treatments significantly affect
water intake, F(4,50) =33.06 (p<0.05). ANG 1 adminigtration
significantly increased water intake when compared with
that of the salinecontrols. Cumulativewater intakeinduced
by ANG Il wastotally inhibited in animals previously
treated with [Sar, Alé®] ANG 1 andlosartan, and partially
inhibited by previoustreatment with PD 123319.

Andysisof variancewasperformedfor thecumulative
2-hour salineintake, F(4,51) =11.67 (p<0.05). Theanimals
treatedwith ANG 11 significantly increased salineingestion
when compared withthecontrols(fig. 2). Previousinjection
of [Sar?, Ala®] ANG Il and losartan inhibited the saline
ingestion induced by ANG I1, whereas pretreatment with
PD 123319 partially inhibited thesalineintakeinduced by
ANGII.

Injection of only [Sar?, Ala®] ANG I, losartan, or PD



Arq Bras Cardiol
2003; 80: 401-5.

123319intothe PV N produced no alterationsinwater and
satintake.

Effectsof [Sar?, Al&f] ANGII, losartan, or PD 123319
injectedintothe PV N ondiuresisand natriuresis, induced by
ANG Il injectedintotheMSA.

Theurinary response of ratstreated withANG 11 and
of rats pretreated with the antagonistsis summarizedin
figure 3. Analysisof variance applied to the 2-hour cumula-
tive urine excretion indicated asignificant difference bet-
ween groups, F(4,44) = 14.13 (p<0.05). Cumulative urine
excretioninduced by ANG Il wasinhibited inanimalsprevi-
ously treated with [Sar?, Al&®] ANG |1 and PD 123319, but
with no significant differences when compared with the
saline controls, whereas previous injection of losartan
decreasedtheurineexcretion induced by ANG 1 indicating
aggnificant differencewhen compared with salinecontrols.
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Analysisof variancefor the2-hour cumulative sodium
excretion data showed a significant difference between
groups, F(4,44) = 24.73 (p<0.05). Ascan beseeninfigure4,
sodiumexcretioninduced by ANG I increased significantly
compared withthat in control rats. Animal swith previous
administration of [Sar?, Al&®] ANG |1 blocked the sodium
excretion induced by ANG I1. The pretreatment with PD
123319 wasmoreeffectivein decreasing the sodiumexcre-
tion induced by ANG |1 when compared with the effects
induced by previousadministration of losartan.

Injection of only [Sar?, Ala®] ANG I, losartan, or PD
123319intothe PV N produced no alterationsin urineand
sodium excretion.

Effectsof [Sar,, Ala] ANGII, losartan, or PD 123319
injected into the PV N on the increase of arterial pressure
induced by ANG I injectedintothe M SA.

14 -
312 1 *
£10 -
)
€ 8
bt
$e
54 *t0
2 + 0
3 5 | 12 1o * * -
Bn 12
0 7 XY e
SAL ANGII SAR LOS PD
+ + +
ANGII ANGII  ANGII

Fig. 1 - Water intake. Effect of pretreatment with [Sar?, Alef] ANG |1 (40 nmoal),
losartan (40 nmol), and PD123319 (40 nmol) into the PVN on water intake induced
by injectionof ANG II (20nmol) intotheM SA. Dataarereported asmean+ SEM. The
number of animalsisindicated at the top of each column. “p<0.05 compared with
saline (control); *p<0.05 compared with ANG I1; °p<0.05 compared with losartan.
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Fig. 3- Urineexcretion. Effect of pretreatment with [Sart, Al&f] ANG 11 (40 nmol),
losartan (40 nmol), and PD123319 (40 nmol) into the PVN on urine excretion indu-
cedby injectionof ANG I (20nmol) intotheM SA. Dataarereported asmean+ SEM.
Thenumber of animalsisindicated at thetop of each column. *p<0.05 compared with
saline (control); *p<0.05 compared with ANG I1; °p<0.05 compared with losartan.
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Fig. 2- Sodiumintake. Effect of pretreatment with[Sar*, Al&f] ANG 11 (40nmol), losar-
tan (40 nmol), and PD123319 (40 nmoal) into the PVN on sodium intake induced by
injection of ANG Il (10 nmol) into the MSA. Dataare reported as mean + SEM. The
number of animalsisindicated at the top of each column. “p<0.05 compared with
saline (control); *p<0.05 compared with ANG I1; °p<0.05 compared with losartan.

Fig. 4 - Sodium excretion. Effect of pretreatment with [Sart, Al&f] ANG 11 (40 nmol),
losartan (40 nmoal), and PD123319 (40 nmol) into the PVN on sodium excretion indu-
ced by injection of ANG |1 (10 nmol) into the M SA. Dataarereported asmean + SEM.
Thenumber of animalsisindicated at thetop of each column. *p<0.05 compared with
saline (control); *p<0.05 compared with ANG I1; °p<0.05 compared with losartan.
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Theinjection of ANG |1 (10 nmol/0.5 pL) into the
MSA, of conscious normotensive rats (MAP = 114+4 to
123+6 mmHgindifferent groups) produced animmediate
largeincreasein MAP (AMAP= 24+4 mmHg) compared to
theresultswhen only (0.15 M NaCl) wasinjected into the
MSA (6x2 mmHg) (fig. 5). Thelargest pressor response
after ANG 1 injectioninto the M SA wasreached within 3
minutes, with 10-30 minutesneeded for thevaluestoreturn
to baseline.

Previousinjectionof [Sart, Al&f] ANG 1 (40nmol) and
losartan (10 nmol) intothePV N fully eliminated whereasPD
123319 (40 nmol) partially blocked the pressor response
induced by ANG I injection.

Discussion

Theresultsof the present study confirm reportsthat the
dipsogenic and sodium intake action of centrally adminis-
tered ANG 11 canbestopped by AT, receptor antagonist**,
In addition, the datashow that the AT , receptor antagonist,
PD 123319, also causesamarked reductionin the effects of
ANG Il onwater and sodiumintake. After injection of losar-
tanintothe PV N, theeffectsof MSA injectionof ANG 11 on
water and sodium ingestion were stopped, indicating that
theactionsof ANG Il were exerted through AT, receptors.
However, PD 123319injectedintothePVN a soinhibited the
effectsof ANG I, athough these effectswere not asstrong
asthose observed for losartan.

The present data also show that the AT, receptor
antagonist causes areduction in the effectsof ANG Il on
water and sodium excretion. After injection of PD 123319
intothePV N, theeffectsof injectionof ANGI I intotheMSA
on urineand sodium excretionweretotal ly stopped, indica-
ting that the actions of ANG |1 were exerted principally
through AT, receptors.

The present data also show that the hypertensive
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Fig. 5- Medial arterial pressure. Effect of pretreatment with [Sart, Al&f] ANG |1
(40 nmol), losartan (40 nmol), and PD123319 (40 nmol) into the PYN on MAP
changesinduced by injection of ANG |1 (10 nmol) into theMSA. Dataare reported as
mean + SEM. The number of animalsisindicated at thetop of each column. “p<0.05
compared with saline (control); *p<0.05 compared with ANG I1; °p<0.05 compared
with losartan.
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effect of ANG Il administeredintotheM SA wasdiminated
by losartan and reduced but not eliminated by PV N admi-
nistration of PD 123319.

Dataabout AT, antagonistscentrally administered are
controversial. Intracerebroventricular (icv) administration of
the AT, antagonists, PD 123319, PD 123177, and CGP42112
haveshowninhibition, nochange, or anincreaseinwater and
sodiumintakeand pressor responsetoicv ANGI Y. Severd
workshaveshowninhibitory responsestoicv administration
of PD 123319 onwater and salt intake, vasopressinrel ease,
and pressor responsesto central ANG Il in rats”228, but
central administration of PD 123177 or CGP 42112 hasnot
been showntointerferewith theseresponses? 2, PVN admi-
nistration of CGP42112A diminatedthediuretic, natriuretic,
andkaliureticeffectsof ANG 1 injectedintothesamearea®.
Functional evidence existsthat ANG Il exerts excitatory
effectson neuronsof thePV N andthat theseeffectsareanta-
gonizedby CGP42112A %,

The MSA actions of ANG |1 on water and sodium
intake, urinary and sodium excretion, andincreasesin arte-
rial blood pressure are dependent on coactivation of both
AT, and AT, receptor subtypes. It has been demonstrated
that PD 123319 and EXP-3174 (an activemetaboliteof | osar-
tan), administeredicv eliminatethe cardiovascul ar respon-
seto ANG Il 2. The cardiovascular and behavioral effects
of PD 123319 wereremarkably similar tothose of substance
P, suggesting that PD 123319 may act by releasing endoge-
nous substance P, It has been suggested that theinhibitory
effects of relatively high doses of PD 123319 injected icv
may bedueto action on central AT, receptors®. Both AT,
and AT, receptor subtypesinthebrain haveeffectssimilar
tothoseof ANG II-induced water and NaCl intake® and eli-
minatethe cardiovascular responseto ANG I injectedicv®
or into the hypothalamus®.

Insummary, the AT, and AT, receptors of the MSA
may influencethe cardiovascular and hydroel ectrolytealte-
rationsinduced by ANG I1. The present datashow that AT,
receptorsof the PV N eliminatethewater and sodiumintake
andtheblood pressure response, and attenuatethediuretic
and natriuretic actions of ANG Il injected into the MSA.
TheAT , receptorsof PV N play aroleinblocking urineand
sodium excretion, and alter thewater and sodiumintakeand
the pressor responseinduced by injection of ANG I into
the MSA. These data suggest that MSA efferents may
release ANG |1, which acts as a neurotransmitter within
PV N, resulting in postsynaptic effectsthat inturninfluence
fluid-electrolyte and blood pressure control as has been
demonstrated by connectionswith the subfornical organ
and supraoptic nucleus and septal area®.
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