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Variations in arterial pressure and food and water consumption were studied in rats 
during and after their prolonged continuous exposure to angiotensin II using osmotic 
minipumps. Subcutaneously administered angiotensin-II (300 gg over 7 days) induced 
long-lasting hypertension followed by hypotension. Angiotensin-II administered into a 
lateral cerebral ventricle (3 gg over the same period) led to a significant fall in arte- 
rial pressure. The peripheral and intracerebral angiotensin-II administrations were both 
accompanied by increased water consumption. 
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Angiotensin II (AT-II) has long been known to 
play an important part in the humeral regulation 
of arterial pressure (AP) and in drinking behavior 
in animals and humans by interacting with spe- 
c/tic receptors located in various organs and tissues. 
More recently, evidence has been obtained that 
there exist a peripheral system and a cerebral re- 
nin-angiotensin system, each of which appears to 
perform distinct functions, including those of regu- 
lating AP and drinking behavior [6,11]. 

It is now certain that exogenously adminis- 
tered endogenous regulatory pepfides exert a com- 
plex integrative effect on the body, involving: 1) 
direct interaction of the peptide in question with 
specific receptors with a resultant modulation of 
their sensitivity; 2) alterations in the activity of 
the enzymes catalyzing the synthesis and degrada- 
tion of the respective peptides; 3) stimulation or 
inhibition of the synthesis and secretion of other 
biologically active compounds such as peptides and 
transmitters [ 10]. 

In view of this, we thought it important to 
compare in this study the effects from long-term 
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peripheral and intracerebral administrations of AT- 
I I in rats. 

MATERIALS AND METHODS 

The study was conducted on 60 male Wistar rats 
weighing 300-350 g. For prolonged administration 
of AT-II (synthetic human AT-II; Berlin Chemic), 
osmotic minipumps were used (model 2001; Alzet), 
ensuring continuous delivery of AT-II for 7 days. 
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Fig. 1. AP variat ion in rats exposed to A T - I I  for 7 days 
continuously by the subcutaneous route. Levels of significance 
shown here also apply to Figs. 2, 3, and 4. 1)- control, 2}- test. 
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Fig. 2. Variation in water 
consumption by rats ex- 
posed to AT-II for 7 days 
continuously by the sub- 
cutaneous route. 

An osmotic minipump was implanted into each rat 
subcutaneously in the supraclavicular region under 
light ether anesthesia and, in the rats slated to re- 
ceive AT-II  intracerebrally, it was connected via a 
polypropylene catheter to a cannula implanted in 
a lateral cerebral ventricle. 

In the first experimental series, test rats (n=26) 
were  exposed to AT-II  subcutaneously for 7 days 
(1.5 ~g/ml, delivered from the minipump at a rate of 
1 p.l/h, the total dose being 300 l.tg); in the second 
series, test rats (n=14) were exposed to AT-II in- 
traventricularly over the same period (15 ng/pl  for 
a total dose of  3 I-tg). In  the control groups (9 rats 
in the fn'st series and 11 in the second), rninipumps 
filled with physiological saline were implanted. 

All rats were moni tored for  food and water 
consumption,  systolic AP, and body weight for 7 
days before and 20 days after min ipump implan- 
tation. Systolic AP was measured indirectly using 
an AP-212 pulse sensor (RTF) placed over the 
caudal artery. 

The location of  the cannula in the lateral ce- 
rebral ventricle was verified by a photographic  
method on frozen brain sections. 
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Fig. 3. AP variation in rats exposed to AT--II lor 7 days 
continuously by the intraventricular route. 

The results were t rea ted  statistically using 
Student's t test. 

RESULTS 

In the first experimental series, significant AP el- 
evations by 25-30 m m  Hg on average (by 50-70 
m m  Hg in some rats) occurred on days 2-3 after 
the start of subcutaneous  AT-II  infusion,  and 
the AP remained at this level during the subse- 
quent 4-5 days, i.e., unti l  no more  A T - I I  was 
delivered from the m.inipump. During the follow- 
ing 2-3 days the pressure returned to normal and 
then fell significantly by 10-15 m m  Hg on aver- 
age (by 15-20 m m  Hg in some rats) before re- 
turning to normal  again 5-6 days later. In the 
control group, variations in AP never exceeded 6 
m m  Hg (Fig. 1). 

The test rats also showed significant increases 
in water consumpt ion throughout  the period of 
subcutaneous AT-I I  administration (Fig. 2). No 
significant changes in the quantity of  consumed 
food or in body weight were detected. 

The observed hypertensive action of subcutane- 
ously infused AT-II agrees with the resuRs reported 
by other authors [8,9], but its delayed hypotensive 
effect, discovered in this study, deserves special 
consideration. This effect appears to be due to the 
fact that the prolonged elevation of  AP, which is 
one of the most  important  self-regulating bodily 
constants, results in the mobilization of compen- 
satory physiological mechanisms whereby AP is 
brought back to normal  [1,41. It has been also 
demonstrated that the AT-II-induced vascular spasm 
is modulated by vascular endothelium and accom- 
partied by the release of an endothelial relaxing 
factor and by a rise in prostaNandins with potent 
vasodilatory properties [7]. In addition, there is 
evidence that prolonged exposure to AT-II leads to 
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reduced activity of plasma rertin with a consequent 
lowering of endogenous AT-II [15]. 

Prolonged entry of AT-II  into the body has 
been shown to result in augmented excretion of 
water and electrolytes [8] and in increased diffu- 
sion of peripheral AT-II across the histohematic 
and blood-brain barriers [3,12], which makes it 
accessible to the central AT-II receptors. These ob- 
servations probably explain why, in our study, rats 
were consuming increased amounts of water dur- 
ing the entire period of AT-II  release from the 
subcutaneously implanted osmotic minipumps. 

In the second experimental series, significant 
AP reductions (by 10-15 mm Hg on average and 
by 20-25 m m  Hg in some rats) were recorded 
starting on day 2 or 3 of intraventricular AT-II  
infusion (Fig. 3). Water consumption by the test 
rats was significantly increased throughout the pe- 
riod of their exposure to AT-II (Fig. 4). 

The hypotensive effect of AT-II that develops 
during its constant infusion into a lateral cerebral 
ventricle is of special interest. There have been 
only occasional reports of a short-term depressive 
action of AT-II following its one-time introduction 
into the nucleus of the solitary tract [13], the 
dorsal nucleus of the vagus [5], or the ventrome- 
dial hypothalamic nucleus [2], i.e., into structures 
containing large numbers of AT-II  receptors and 
endings of catecholaminergic neurons. AT-II  is 
known to alter substantially the activity of the 
catecholaminergic systems in the brain. In addi- 
tion, microinjections of norepinephrine or epineph- 
rine into the solitary tract nucleus have been found 
to be followed by inhibition of the descending 
sympathetic pathways and by depressive effects [13]. 
It has been suggested that the depressive effects of 
low AT-II doses are mediated by the solitary tract 
nucleus [13], and this is presumably one of the 
physiological  mechan isms  th rough  which  the 
hypotensive effect of AT-II is realized during its 
prolonged infusion into a lateral cerebral ventricle. 

It has been shown in numerous experiments 
that exogenously administered AT-II modulates the 
activity of various components of the cerebral renin- 
angiotensin system, markedly enhances the secretion 
of hypophyseal peptide hormones (ACTH, vaso- 
pressin, oxytocin), and raises the concentration of 
corticosteroids and catecholamines [14]. It should be 
stressed that the levels of these physiologically ac- 
tive substances, which are directly involved in the 
maintenance of AP, are regulated by a feedback 
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Fig. 4. Variation in water consumption by rats exposed to 
AT--II for 7 days continuously by the intraventricular route. 

mechanism. It is therefore possible that the continu- 
ous entry of AT-II into the lateral ventricles in low 
(close to physiological) doses leads to a diversity of 
neurohumoral changes whose integration results in 
the development of long-lasting hypotension. 
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