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Abstract

We investigated the effects of losartan, amAdceptor blocker, and Key words

ramipril, a converting enzyme inhibitor, on the pressor respons@ressor response
induced by angiotensin Il (ANG Il) and carbachol (a cholinergicCentral angiotensin
receptor agonist). Male Holtzman rats (250-300 g) with a stainles§arbachol

steel cannula implanted into the lateral ventricle (LV) were used. The " """ e
injection of losartan (50 nmol/1 pl) into the LV blocked the pressor

response induced by ANG Il (12 ng/1 pl) and carbachol (2 nmol/1 pl).

After injection of ANG Il and carbachol into the LV, mean arterial

pressure (MAP) increased to 31 + 1 and 28 + 2 mmHg, respectively.

Previous injection of losartan abolished the increase in MAP induced

by ANG Il and carbachol into the LV (2 + 1 and 5 £+ 2 mmHg,

respectively). The injection of ramipril (12 ng/1 pl) prior to carbachol

blocked the pressor effect of carbachol to 7 + 3 mmHg. These results

suggest an interaction between central cholinergic pathways and the
angiotensinergic system in the regulation of arterial blood pressure.

Central injection of the cholinergic ago-numerous studies using intracerebroventricu-
nist carbachol as well as angiotensin Il (ANQar (icv) administration of ANG Il receptor
II) induces pressor responses mediated kntagonists (4,7-9). Studies with central in-
sympathetic activation and vasopressin rgection of ANG Il antagonists have shown
lease (1-3). Electrolytic lesions of thethat central angiotensinergic mechanisms are
anteroventral third ventricle (AV3V) region involved in several forms of hypertension. In
impair the pressor response to central AN@onscious rats a consistent pressor response
Il or carbachol (4,5). The periventricularis observed after cholinergic activation of
AV3V region plays an important role in the several areas of the central nervous system
control of sympathetic activation and vasosuch as the circumventricular structures (10-
pressin release (4) and is suggested to be th2). Captopril is one of the first potent com-
site of important angiotensinergic synapsepetitive inhibitors of angiotensin I-convert-
involved in fluid, electrolyte and cardiovas-ing enzyme (ACE) (13). Recently a new
cular regulation (6). concept has emerged, namely that the inhibi-

Over the past decade there have bedion of the local renin-angiotensin system pres-
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Figure 1 - Increase in mean arte-
rial pressure (MAP) after the in-
jection of ANG I (12 ng/1 pl) or
carbachol (2 nmol/1 pl) into the
lateral ventricle (LV) and the ef-
fect of previous injection of sa-
line or losartan (50 nmol/1 pl) into
the LV. The number of rats is
indicated at the top of each col-
umn. *P<0.05 compared to the
response obtained with previous
injection of saline (Dunnett t-
test).
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ent in many tissues is involved in the antihyHamilton (5 pl) syringe connected by a PE-
pertensive action of ACE inhibitors (14,15). 10 tube to a 34-gauge needle 2 mm longer

In the present study we determinedhan the guide cannula implanted into the
whether the centrally injected Afeceptor animal head. At the end of the experiments,
blocker losartan prevents the pressor responsader ether anesthesia, the heart was ex-
to central carbachol in rats. In order to conposed to intracardiac perfusion with saline
firm whether the pressor response to centrébllowed by 10% formalin. The brains were
injection of carbachol implicates the renintemoved and stored in 10% formalin. The
angiotensin system we also utilized the cortissue was frozen and cut into transverse
verting enzyme inhibitor ramipril to study its sections (20-30 pm) which were stained with
effects on the pressor response to carbachblematoxylin and eosin for analysis by light

Male Holtzman rats weighing 250-300 gmicroscopy to confirm the position of the
were housed in cages with free access tmnnula in the LV. Data are reported as
food and water. A stainless steel cannulmeans £ SEM. Analysis of variance and the
(0.7 mm O.D.) was stereotaxically implantedDunnettt-test were used to determine statis-
into the lateral ventricle (LV). Five daystical significance. Differences were consid-
after brain surgery, the rats were submittedred to be significant at P<0.05.
to further surgery to cannulate the femoral Lateral ventricle injection of ANG Il (12
artery. Arterial pressure was recorded in umg/1 pl) and carbachol (2 nmol/1 pl) pro-
anesthetized and unrestrained rats using paluced an immediate and marked increase in
yethylene (PE) tubing (PE-10 connected to emean arterial pressure (MAP) (31 +1 and 28
PE-50tube) inserted into the abdominal aorta 2 mmHg, respectively). Previous injection
through the femoral artery. The cannula wasf losartan (3 min) blocked the pressor re-
tunneled subcutaneously to the back of theponse induced by ANG Il or carbachol (2 +
rat. On the next day, the line was connected mmHg and 5 + 2 mmHg, respectively,
to a Statham (P23 Db) pressure transduc®<0.01) (Figure 1). Lateral ventricle injec-
(Statham-Gould, Valley View, OH) coupledtion of ramipril (12 ng/1 pl) prior to carba-
to a multichannel recorder (Physiographc¢hol reduced its pressor effectto 7 + 3 mmHg
Narco Bio-System Inc., Valley View, OH). (P<0.01) (Figure 2).
Carbachol (2 nmol/1 pl, Sigma Chemical Our results indicate that the pressor ef-
Co., St. Louis, MO), ANG 1l (12 ng/1 pl, fect of centrally administered carbachol was
Sigma Chemical Co.), losartan (50 nmol/impaired by previous administration of the
pl, DuPont-Merck, Wilmington, DE) and AT ;-receptor blocker losartan, and ramipril,
ramipril (12 ng/1pl, Hoechst, Frankfurt, Ger-a converting enzyme inhibitor. A previous
many) were injected into the LV using astudy has shown that the sympathetically

mediated increase in MAP produced by cen-

2o tral administration of beta endorphin (7) is
also attenuated by central treatment with an
ANG Il antagonist.

There are two potential interpretations of
these data. The first is that there are central
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0 v cholinergic drugs. An alternative hypothesis
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is that the “global” ability of ANG Il antago-
nists to prevent increases in sympathetic ner-
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vous system activity, particularly in the case Figure 2 - Effect of ramipril (ram)

40
of carbachol, may indicate a nonspecific

suppression of sympathetic nervous system_
function. Injection of cholinergic agonists, % %0
such as carbachol, into the LV increasesé25
water ingestion, vasopressin secretion, MAP § *°[
and natriuresis. These effects are also pro-é 1of
duced by central injections of ANG IIl. The ='°[
present results indicate that the pressor ef-  °f
fect of carbachol involves the central angio-  °v e rom  sal ram

tensin system and AT1 receptor activation. o o - -

The pressor effect of ANG Il was previously

shown to depend on AT1 receptor activatiomnstrated that chemical sympathectomy with
(6,15) and our data confirm these result§-hydroxydopamine (6-OHDA) reduces the
(6,15,16). Ramipril is an angiotensin-con-water intake induced by ANG Il (19). Also,
verting enzyme inhibitor acting as a prodrugit has been demonstrated that 6-OHDA but
and the present results suggest that this dragt dopamine administration into structures
may be implicated in the pressor responsef the ventral lamina terminalis produces
induced by central cholinergic activation.ANG Il response deficits. These findings are
Our results show that low doses of ramipritonsistent with the interpretation that adre-
were sufficient to alter an endogenous commergic but not dopaminergic neurons must
ponent that blocked the pressor effect inbe present in the structures of the ventral
duced by LV injection of carbachol. It haslamina terminalis in order to elicit normal
been demonstrated that systemic administrangiotensin-induced drinking and pressor
tion of ramipril reduces hypertension (17)responses (20). Taken together, these results
The site of carbachol action may be locatetbad us to conclude that angiotensin and
in the circumventricular structures such asdrenergic pathways interact to control cen-
the subfornical organ (SFO) which is a majotral pressor effects and that the sympathetic
structure for the action of ANG Il in induc- nervous system plays an important role in
ing the pressor effect. Ramipril is effectivethis control. The cholinergic mechanisms
in reducing severe essential hypertensiomay act with angiotensin or may favor the
(18). The pressor effect of carbachol intelease of other hormones that produce the
jected into the LV may be due to interactiorpressor effect. As previously demonstrated,
with the renin-angiotensin system that rethe pressor effect of carbachol is not blocked
leases angiotensin. We demonstrated thhy chemical sympathectomy (19).

ramipril blocked the pressor effect of carba-

chol, possibly due to the inhibition of angio-Acknowledgments
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top

injection into the lateral ventricle

on the mean arterial blood

pressure (MAP) of rats before
LV injection of carbachol (car) or
isotonic saline (sal). Results are
reported as mean = SEM. The
number of rats is given at the

of each column. *P<0.05

compared to sal + sal. *P<0.05
compared to sal + car (Dunnett
ttest).
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