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Arterial pressure Thirst a-Adrehocaptors Angiotensin II 

INCREASED mean arterial pressure (MAP), heart rate (HR) and 
water intake are well-known effects of central angiotensin II (AII) 
in rats (4, 7, 14, 25). Central catecholaminetcorltaining neurons 
participate in the regulation of m e d a l  pressure arid the control of 
drinking behavior. The integrity of the central nervous system 
(CNS) catecholamines is requh-ed for the development of one- 
kidney renal 'hypertension and the increased drinking which 
accompanies it. The acute pressor responses produced by intra- 
cerebroventricular (ICV) injections of AII or~arliachol are abol- 
ished by central catecholamine depletion with 6-hykiroxydopamine 
(6-OHDA). The drinking produced by central ch01inergic stimu- 
lation remains intact while AII drinking is significantly reduced 
(16). Forebrain dopamine (DA) is essential for tlte mediation of 
sensorimotor integration or general arousal mechanisms involved 
in responses to acute homeostatic stressors, bul only the noradren- 
ergic system has a specific role in the medial ion of AII-induced 
thirst and blood pressure responses (1-3, 17). 

ICV injection of phentolamine (an ct-adr,'neggic antagonist) 
prevented angiotensin-induced drinking, sym i,athetic stimulation 
and vasopressin release (26). An interaction t etween central AII 
effects on drinking behavior or pressor respol LSeSi and the adren- 
ergic receptors was also shown by Jones (19), who suggested that 

oq-, but not tx2-adrenergic receptors, in the rostral hypothalamus 
are involved in the control of both the drinking and pressor 
responses elicited by ICV injections of AII. The [3-adrenergic 
receptors altered only the drinking response in a nonspecific 
manner. Camacho and Phillips (8) reported that the previous ICV 
administration of phentolamine blocked the pressor, but not the 
dipsogenic response produced by ICV injection of AII. 

In the present study we investigated the effect of previous ICV 
treatment with prazosin (an Ctl-adrenergic antagonis0 or clonidine 
(an ct2-adrenergic agonist) on the cardiovascular and dipsogenic 
responses induced by central AII. 

METHOD 
Animals 

Male albino Holtzman rats weighing 250 to 300 g were used. 
The animals were maintained in individual cages with free access 
to pellet chow and tap water. 

Brain Surgery 

The rats were anesthetized with ether and submitted to 
stereotaxic implant of a unilateral stainless steel cannula (0.7 mm 
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o.d.) directed to a point 2 mm above the left lateral ventricle (LV). 
The cannnla was positioned at the bregma level, 1.5 mm lateral to 
the midline to a depth of 3.0 mm from the skull (10). The cannula 
was fixed to the skull with screws and acrylic resin. 

Arterial Pressure and Heart Rate Recording 

Direct mean arterial pressure and heart rate were measured in 
unanesthetized and unrestrained rats by means of polyethylene 
(PE) tubing (PE-10 connected to a PE-50) inserted into the 
abdominal aorta through the femoral artery under ether anesthesia 
on the day before the experiment. The cannula was tunneled 
subcutaneously to the hack of the rat and connected, through a 
30-cm length of PE-90, to a Statham (P23-Db) pressure trans- 
ducer (Statham-Gould, USA) coupled to a multichannel recorder 
(Physiograph 4A, Narco Bio-Systems, USA). The heart rate was 
recorded using a biotachometer (Narco Bio-Systems) activated 
with signals from the arterial pressure pulse. No water was offered 
to the rats during arterial pressure and heart rate recordings. 

Water Ingestion Recording 

Water intake was tested in a separate experiment in satiated 
animals. Each rat was tested in its individual cage. The volume of 
water consumed during 1 hr after the drug was measured using a 
burette with 0.1 mi marks fitted with a metal spout for water 
ingestion. 

Drug Injection Into the Brain 

Angiotensin II (Sigma Lab.), prazosin hydrochloride (Pfizer) 
and clonidine hydrochloride (Boheringer-Ingelheim) were used. 
The drugs were dissolved in saline solution (0.15 M NaCI) and 
injected into the LV using a Hamilton (10 txl) microsyringe 
connected by PE-10 tubing (20 cm) to a dental needle (0.3 mm 
o.d.), 2 mm longer than the guide cannula fixed in the animal's 
head. The volume injected was 1 p,1. 

Histology 

At the end of the experiments the animals were anesthetized 
with ether and submitted to cerebral perfusion with 10% formalin 
through the heart. The brains were removed, fixed in 10% 
formalin, frozen, cut into 20-~m sections, stained with hematox- 
ylin-eosin and analyzed under light microscopy to confirm the 
position of the cannula in the LV. 

Statistical Analysis 

The results are reported as mean-+ SEM. The Student t-test, 
Mann-Whitney U-test or analysis of variance were used for the 
comparisons. Differences were considered significant when 
p<0.05.  

Experimental Protocol 

The effects of prazosin and clonidine on the cardiovascular and 
dipsogenic actions of All  were studied in different groups of 
animals: 0.15 M NaC1 (control); 0.15 M NaC1 + All  (12 ng); 
prazosin (40, 80 and 120 nmol) + A I I  (12 ng); clonidine (20, 40, 
80 and 120 nmol) + All  (12 ng). Prazosin or clonidine was 
injected into the LV 25 minutes before the injection of AII into the 
same site. 

The meda l  pressure and heart rate recording was started 30 
minutes before the first drug injection and terminated 60 minutes 
after AI! injection. 
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FIG. 1. Water intake produced by ICV injection of angiotensin II (12 ng) 
in rats previously injected ICV with prazosin or clonidine. The results are 
expressed as mean -+ SEM. The number of rats is given at the top and the 
doses of prazosin or clonidine are given at the bottom of each column. 
*Different from control (.o<0.05); • different from angiotensin II only. 

During the water ingestion experiments, rats had free access to 
water. The water ingestion measurement was done for 1 hr after 
the second injection. 

RESULTS 

Effect of  Previous Treatment With Prazosin on the Central 
Cardiovascular and Dipsogenic Action of All  

ICV injection of AII (12 ng) in normotensive rats (MAP= 
120_+6 mmHg, HR=356_+13 bpm) produced pressor (32-+3 
mmHg), tachycardic (41-+8 bpm) and dipsogenic (7.6---0.6 
ml/hr) responses. When only 0.15 M NaCI (control) was injected 
ICV, water ingestion was 0.7---0.2 ml/hr, but no significant 
alteration was observed in arterial pressure or heart rate. 

Previous ICV injection of the oq-adrenergic antagonist pra- 
zosin reduced the pressor and tachycardic, but not the dipsogenic 
responses produced by central All  (Figs. 1, 2 and 3). After 
prazosin (80 and 120 nmol), the pressor responses produced by 
AII (12 ng) were reduced to 7 -4- 3 and 8 -+ 2 mmHg, respectively. 
The tachycardic response was abolished and a discrete bradycardic 
response of - 9 - 12, - 3 - 3 and - 17 - 16 bpm, respectively, 
was observed with previous prazosin treatment (40, 80 and 120 
nmol). 

Only ICV prazosin (40, 80 and 120 nmol) injection produced a 
depressor response ( - 9 - + 2 ,  - 14-+4 and - 2 1 - + 4  mmHg, re- 
spectively) and tachycardia (51 _+8, 31 -+4 and 64-+9 bpm, 
respectively). The greatest depressor and tachycardic responses 
were observed 15 minutes after prazosin injection and were still 
present when AII was injected. 

Effect of  Previous Treatment With Clonidine on the Central 
Cardiovascular and Dipsogenic Action of All  

Previous ICV injection of the ot2-adrenergic agonist clonidine 
reduced all the central effects of AII studied (Figs. 1, 2 and 3). 
After clonidine (20, 40, 80 and 120 nmol), the pressor responses 
produced by ICV All (12 ng) were reduced to 16+--5, 9---4, 3_-_2 
and 5 --- 2 mmHg, respectively. The increase in heart rate (1 -+- 5, 
1 -  1, 3 __-3 and 4---4 bpm, respectively) and water intake 
(2.2 -+ 0.4, 0.3 -+ 0.1, 0 . 5 -  0.3 and 0 . 1 _  0.1 ml/hr, respectively) 
showed that the tachycardic and dipsogenic actions of central All  
were also abolished after previous treatment with clonidine (20, 
40, 80 and 120 nmol). 

Only ICV clonidine (20, 40, 80 and 120 nmol) injection 
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FIG. 2. Mean arterial pressure (MAP) increase produced by ICV injection 
of angiotensin II (12 ng) in rats previously injected! ICV with prazosin or 
clonidine. The results are expressed as mean _.+ SEMi The number of rats is 
given at the top and the doses of prazosin or clorfidine are given at the 
bottom of each column. *Different from angiotensi~ II (p<0.05). 

produced a transitory pressor response lasting 15 to 20 minutes 
(43±4, 40---5, 41±4  and 44___3 mmHg, respectively). The 
bradycardic responses ( - 76 ± 7, - 65 - 16, - 77 ± 11 and - 150 
± 19 bpm, respectively) were still present at the time of AII 
injection (25 minutes after clonidine injection). 

D I S C U S S I O N  

Previous reports have shown the importaace of central cate- 
cholaminergic neurons and adrenergic receptors for the central 
pressor and dipsogertic actions of AII (1-3, 19, 26). In the present 
study we showed that previous ICV injection of clohidine blocked 
all central actions of All. The previous injection of prazosin 
blocked the pressor and tachycardic effect of central AII, but not 
the dipsogenic response. 

Severs et al. (26) showed that previous~ ICV injection of 
phentolamine prevents angiotensin-induced drinking, sympathetic 
stimulation and vasopressin release. Camacho alad Phillips (8) 
reported that the previous ICV administrations of phentolamine 
blocked the pressor, but not the dipsogenic respon!se produced by 
the injection of AII into the same site. The present results showing 
that prazosin blocked the pressor, but not the dips0genic response 
to central AII is in accordance with those reportod by Camacho 
and Phillips (8) for phentolamine. These results show a dissocia- 
tion in the central pathways involved in the preSsor and dipsogenic 
responses to AII. The present results show that specifically the 
periventricular Ctl-adrenergic receptors are involved in the pressor 
and tachycardic responses produced by central AII, but not in the 
dipsogenic response. Otherwise, Jones (19) reported that the 
previous injection of the cq-adrenergic antagonist prazosin but not 
et2-adrenergic antagonist yohimbine into the rostral hypothalamus 
reduces both the dipsogenic and pressor response illduced by ICV 
injection of AII. This contradictory effect of p~azosin on the 
actions of central AII is probably related to the site of injections. 
The a~-adrenergic receptor of the rostral hypo~hal~mus is impor- 
tant for all actions of central AII, but the l~eri~entricular oq- 
adrenergic receptor is involved only in the pre~sorlresponse. The 
effect observed after previous ICV injection of' phentolamine 
confirms the importance of the periventricular o~-adienergic recep- 
tors only for the pressor response (8). Recdnt data from our 
laboratory (unpublished results) showed that the injection of 
prazosin into the lateral hypothalamus blocked ¢ae dipsogenic 
action to central AII similar to that showed by JOnes (8) for rostral 
hypothalamus. 

The antidipsogenic effect of peripherally or centrally injected 

H T •  ANOIOTENS~I 11 

(10) 

20 40 

~ N~TENSIN ~ ~'CL~MI~IE [ ]  M~IOTEN~N 11 + PRAZOSIN 

(I) 

(101 

FIG. 3. Changes in heart rate (HR) produced after ICV injection of 
angiotensin II (12 ng) in rats previously injected ICV with prazosin or 
clonidine. The results are expressed as mean -*- SEM. The number of rats is 
given at the top and the doses of prazosin or clonidine are given at the 
bottom of each column. *Different from angiotensin II (p<0.05). 

clonidine on the thirst induced by different stimuli and by AII has 
been described [for references, see (15)]. Recent work from our 
laboratory (13) has shown that injection of clonidine into the 
lateral hypothalamus blocks the thirst induced by water depriva- 
tion or central AII in rats. The present data confirrn the effect of 
clonidine on the thirst induced by central AII and show that 
clonidine can also block all cardiovascular responses to central 
AII. Although it is known as a hypotensive drug, we may consider 
that central (ICV and in other prosencephalic areas) injection of 
clonidine in unanesthetized rats produces immediate and transi- 
tory, but potent, pressor and bradycardic responses (9,20), an 
effect that was also observed in the present study. AII was always 
injected when mean arterial pressure had returned to the level 
before clonidine, and in this situation clonidine blocked the 
pressor and tachycardic responses of AII. 

Although it is widely assumed that clonidine acts centrally as 
an CtE-adrenergic agonist (21,27), the central action of clonidine 
may be mediated, at least in part, by putative imidazole receptors 
which selectively bind imidazolines (6). The existence of imida- 
zole binding sites in the ventrolateral medulla in rats (11) has 
recently been established. The endogenous ligand which acts at 
imidazole binding sites is unknown. A potential candidate is the 
clonidine-displacing substance (CDS), a low-molecular weight 
substance isolated from bovine brain which potently displaces the 
binding of [3H] clonidine or p-[3H] amino-clonidine to brain 
membranes (12, 22, 23). Microinjection of low doses of clonidine 
or a preparation of CDS into the ventrolateral medulla induces 
vasodepressor responses (6,18). The inhibitory effect produced by 
clonidine on the responses to central All could be due to the action 
of clonidine in one or more cerebral areas which produce inhibi- 
tory effects similar to that observed when clonidine or CDS are 
injected directly into the ventrolateral medulla. Thus, the interac- 
tion of clonidine with central ot2-adrenergic and/or imidazole 
receptors could block all pressor and dipsogenic response to 
central AII. The antidipsogenic central action of clonidine cer- 
tainly is not related to the et2-adrenergic receptors alone, since the 
previous treatment with yohimbine (a specific et2-adrenergic 
antagonist) only partially reduced the antidipsogenic effect of 
clonidine (13). 

It was also reported (5) that the activation of central ct 1- 
adrenergic receptors produces pressor response, whereas the 



896 COLOMBARI ET AL. 

activation of the ct2-adrenergic receptors produces opposite ef- 
fects. This is in accordance with the present results where the 
blockade of the central txl-adrenergic receptors with prazosin or 
the activation of the ot2-adrenergic receptors with clonidine inhib- 
ited the pressor response to central AII. The present results do not 
explain exactly how clonidine acts to inhibit the central effect of 
AII, but we can suggest that the activation of central ct2-adrenergic 
and/or imidazole receptors blocks the pressor and dipsogenic 
actions to central AII. 

The participation of the central noradrenergic system in the 
mediation of AII-induced dipsogenic and cardiovascular responses 
has been demonstrated (1, 3, 17). In this work we showed that 
specifically the a~-adrenergic receptor is important for the pressor, 
but not for the dipsogenic response to central AII. Probably other 
adrenergic receptors are involved in the mediation of the dipso- 
genic response to AII. Saad (24) showed that previous treatment 
with propranolol (a 13-adrenoceptor antagonist) blocks the water 
intake produced by AII injection into the subfornlcal organ, one of 

the most important circumventricular organs mediating the actions 
of blood-borne AII. Experiments from our laboratory (unpublished 
data) and those performed by Severs (26) have also shown that 
ICV administration of [3-adrenergic-blocking drugs prevents AII- 
induced drinking. 

In summary, the present results show that ICV injection of 
clonidine blocks the pressor and dipsogenic responses to central 
AII, whereas prazosin blocks only the pressor response. Thus, the 
activation of the central et2-adrenergic and/or imidazole receptors 
inhibit the cardiovascular and dipsogenic responses to central AII, 
while periventricular etl-adrenergic receptors participate only in 
the cardiovascular response. 
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