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Carbachol-induced pressor responses and muscarinic M, receptorsin the
central nucleus of amygdala in conscious rats
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Abstract

The type of muscarinic receptor in the central nucleus of the amygdala that mediates the carbachol-evoked pressor responses was
investigated in conscious unrestraint Sprague—Dawley rats. Carbachol (100 ng) injected into the lateral cerebral ventricle caused a
significant rise in blood pressure of 31.8 + 4.5 mmHg and a decrease in heart rate of 80.0 + 12.2 beats/min. Pirenzepine (10-75 nmol)
injected into the central nucleus of the amygdala inhibited carbachol-induced pressor responses dose-dependently. The bradycardic
response to carbachol was aso inhibited by pirenzepine, but no dose-dependency was observed. Injection of pirenzepine into the
basolateral amygdala at a dose (50 nmol) that inhibited carbachol-induced changes in mean arterial pressure and heart rate when injected
into the central nucleus of the amygdala failed to exert any inhibition. Methoctramine at a dose of 50 nmol injected into both the central
nucleus of the amygdala and the basolateral amygdala did not cause any significant ateration in the responses. These results indicate that
muscarinic M receptors in the central nucleus of the amygdala are involved in cardiovascular regulation mediated by central cholinergic

pathways. © 1997 Elsevier Science B.V.
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1. Introduction

Centrally acting acetylcholine receptor agonists and
cholinesterase inhibitors are known to induce pressor (Di-
rnhuber and Cullumbine, 1955; Varagic, 1955; Krstic and
Djurkovic, 1973; Ozawa and Uematsu, 1976; Buccafusco
and Brezenoff, 1979; Brezenoff and Giuliano, 1982; Oktay
et al., 1984; Sundaram et d., 1988; Ozkutlu et d., 1993)
and depressor responses (De Wildt and Porsius, 1981;
Criscione et a., 1983; Murugaian et a., 1989; Sundaram et
al., 1989; Hara et al., 1992; Ally et al., 1993) associated
with tachycardia or bradycardia depending on the species
studied and the mode of administration. In rats, activation
of central muscarinic receptors results primarily in hyper-
tension (see Buccafusco, 1996). This occurs when choli-
nomimetics are administered into the cerebral ventricles or
microinjected into the following brain areas, posterior
hypothalamic nucleus (Brezenoff and Jenden, 1969;
Brezenoff and Wirecki, 1970; Brezenoff, 1972; Bucca
fusco and Brezenoff, 1979; Martin, 1992), AV3V region
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(Nattie and Li, 1990; Menani et a., 1990), hippocampus
(Haruta et al., 1992), locus coeruleus (De Luca et a.,
1990), C1 area of the rostra ventrolatera medulla
(Sundaram et a., 1988; Giuliano et a., 1989) and the
amygdaloid complex (Ohta et al., 1991; Adan et 4.,
1997).

The amygdaloid complex forms dense neuronal connec-
tions with the hypothalamus and brainstem, areas that are
known to play an important role in cardiovascular regula-
tion (see Dampney, 1994). The general assumption is that
the amygdala has a function in the coordination of behav-
ioral and autonomic responses to environmental stimuli.
The complex has been demonstrated to contain acetyl-
choline and acetylcholinesterase (Hoover et al., 1978) and
muscarinic binding sites (Rotter et al., 1979). Electrical
and chemical stimulation of the central nucleus of the
amygdala elicits pressor responses in conscious rats
(Gelsema et a., 1987; Ohta et al., 1991). Further, the
pressor response evoked by the cholinomimetic carbachol
(i.c.v.) is suppressed by electrolytic lesions of the central
nucleus of the amygdala (Ozkutlu et al., 1995). The pre-
sent study was designed to investigate the type of mus-
carinic receptor in the central nucleus of the amygdala that
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mediates the carbachol-evoked pressor response in con-
scious rats.

2. Materials and methods
2.1. Animals

Experiments were performed in abino Sprague—Daw-
ley rats of both sexes weighing 200—250 g. All animals
were fed on a standard diet and water ad libitum. The rats
were kept at room temperature (20 + 3°C) in an air-condi-
tioned room with a 12 h light—dark cycle.

2.2. Surgical procedures

Rats were anesthetized with ketamine (100 mg /kg, i.p.)
and chlorpromazine (1.0 mg/kg, i.p.) and the heads were
fixed in a stereotaxic apparatus (Stoelting Model 51600).
A guide cannula composed of a stainless steel tube (Sys-
tem 313, Plastic One) was implanted into the left |ateral
cerebral ventricle (1 mm caudal to bregma, 1.5 mm lateral
to the midline, and 3.4 mm ventral to the surface of the
skull) on the basis of the stereotaxic atlas of Paxinos and
Watson (1982). Another guide cannula was placed into the
right central nucleus of the amygdala (2.5 mm caudal to
bregma, 4.2 mm lateral to the midline and 7.2 mm ventral
to the surface of the skull) or basolateral amygdala (2.6
mm caudal to bregma, 4.8 mm lateral to the midline and
7.6 mm ventral to the surface of the skull) (Fig. 1). The
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Fig. 1. The sites of antagonist injection (hatched area) shown on diagrams
of corona section through the ventral forebrain (1.80, 2.30 and 3.14 mm
posterior to bregma). BLA, basolateral amygdala; CeA, central nucleus of
the amygdala; DMH, dorsomedia hypothalamic nucleus; OT, optic tract;
PVN, paraventricular nucleus; VMH, ventromedial hypothalamic nucleus.

injection stylets which extended 1 mm below the tips of
the guide cannulas were inserted for drug administrations.
The cannulas were fixed by dental cement together with
three screws driven into the skull and plugged with a
removable stylet except at the time of drug injections.

Three to five days after this surgical intervention, ani-
mals were anesthetized with ether, and a polyethylene
catheter (PE 10 attached to PE 50) filled with
heparin/saline (500 U /ml) solution, was inserted into the
abdominal aorta through the right femoral artery for direct
blood pressure recordings. The other end of the tubing was
passed beneath the skin and exteriorized through an inci-
sion in the nape. A stainless steel wire plug was placed on
the exposed end of the catheter until the experiment. Each
anima was moved into a plexiglass cage (25 % 25 x 30
cm). Experiments were conducted at least 2 h after the
operation in conscious and freely moving rats.

2.3. Experimental protocols

On the day of the experiment, the arterial cannula was
connected to a pressure transducer (Model P23ID, Grass
Instruments, Quincy, MA, USA) and arterial blood pres-
sure was recorded on a polygraph (Model 7, Grass Instru-
ments). Heart rate was recorded continuously via a tacho-
graph (Model 7P44, Grass Instruments). Following a 2 h
stabilization period, basal arterial blood pressure and heart
rate were established. Saline, pirenzepine or methoc-
tramine was injected either into the central nucleus of the
amygdala or basolateral amygdala in a volume of 200 nl
within 15 s via an infusion pump (Model A.99, Razel,
Italy). The experimental groups were designed as follows:
(1) Sdine (n=4), pirenzepine (10, 25, 50 and 75 nmol;
n = 4-8 for each dose) or methoctramine (50 nmol; n=5)
was injected into the central nucleus of the amygdala. (2)
Pirenzepine (50 nmol; n=4) or methoctramine (50 nmol;
n = 4) was injected into the basolateral amygdala. All rats
were injected with i.c.v. carbachol (100 ng) in a volume of
10 pl within 15 s, 10 min after saline or antagonist
administration. Arterial blood pressure was monitored for
30 min after carbachol injection.

2.4. Histological examination

At the end of the experiments, 200 nl Indian ink was
injected into the centra nucleus of the amygdala and
basolateral amygdala and 10 wl into the lateral cerebra
ventricle, and the animals were transcardialy perfused
with 4% buffered formaline solution under urethane anes-
thesia (1.2 g/kg, i.p.). Brains were removed, i.c.v. place-
ments were verified macroscopicaly and brains were kept
in 20% sucrose and formaline solution for 1 week. Then,
40 pm coronal sections were cut through central nucleus
of the amygdala and basolateral amygdala regions by using
a cryostat (Microm, Germany) and stained with thionin for
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light microscopic examination. The position of the cannu-
las was examined on the basis of the stereotaxic atlas of
Paxinos and Watson (1982). Only proper placements were
included into the study.

2.5. Drugs

The following drugs were used: Ketamine HCI (Ketalar,
Parke-Davis, gift from Eczacibag, Turkey), chlorproma
zine HCl (Largactil, gift from Eczacibagl, Turkey), at-
ropine sulfate (Sigma, St. Louis, MO, USA), pirenzepine
dihydrochloride (Sigma, St.Louis, MO), methoctramine
(gift from Dr. C. Melchiorre, Italy), heparin sodium
(Liquemine, gift from Roche, Turkey). All drugs were
dissolved and diluted in saline.

2.6. Data analysis

The results were expressed as mean + SE.M. of 4-8
rats in each group. Mean arterial pressure was calculated
as ‘1/3 pulse pressure + diastolic blood pressure’. The
IDg, value of pirenzepine was calculated by probit analysis
and the confidence limits were determined according to
Litchfield and Wilcoxon (1949). Data were statistically
evaluated using one-way analysis of variance (ANOVA)
and Fisher's post-hoc test. Two-way ANOVA was used to
compare the time—response curves obtained with different
drugs and doses. The level of statistical significance was
considered to be P < 0.05.

3. Results

The mean resting mean arterial pressure and heart rate
in al animals (n = 41) were 106.0 + 1.5 mmHg and 356.6
+ 8.7 beats/min. There were no significant differences
between the pre-drug resting mean arterial pressure and
heart rate for all groups. Saline, pirenzepine and methoc-
tramine injected into the amygdala did not affect baseline
mean arterial pressure and heart rate values significantly.

Carbachol (100 ng) administered into the lateral cere-
bral ventricle in animals pre-injected with saline into the
central nucleus of the amygdala increased the mean arterial
pressure and decreased the heart rate significantly (P <
0.001; Fig. 2). These cardiovascular responses appeared in
1 min, reached their maximum in 5 min and returned to the
basal values within 15-20 min. The maximum change in
mean arterial pressure was 31.8 + 4.5 mmHg and in heart
rate was 80.0 + 12.2 beats/min. The animals exhibited
behavioral changes such as restlessness and exploration
within the first 3-5 s of carbachol injection.

Pirenzepine (1075 nmol) injected into the central nu-
cleus of amygdala inhibited carbachol-induced pressor re-
sponses dose-dependently (P < 0.001; Fig. 2). The IDg,
value of pirenzepine that lead a 50% suppression in the
peak pressor response to carbachol was calculated as 43.3
nmol (confidence interval: 16.8—-111.8). The bradycardic
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Fig. 2. The effect of i.c.v. injection of carbachol (100 ng) on mean
arterid  pressure (mmHg) and heart rate in conscious, unrestraint
Sprague-Dawley rats pretreated with saline or pirenzepine (10, 25, 50
and 75 nmol) injected into the central nucleus of the amygdala (CeA).
Each point represents the mean+ SE.M. of 4-6 individua experiments.

responses to carbachol were also inhibited by pirenzepine,
but no dose-dependency was observed, and 50 and 75
nmol doses suppressed carbachol-induced bradycardia to a
similar extent (P < 0.005; Fig. 2). The injection of piren-
zepine into the basolateral amygdala at a dose that inhib-
ited carbachol-induced mean arterial pressure and heart
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Fig. 3. The effect of i.c.v. injection of carbachol (100 ng) on mean
arteria pressure (MAP, mmHg) in conscious, unrestraint Sprague—Daw-
ley rats pretreated with saline injected into the central nucleus of the
amygdala (CeA), pirenzepine (50 nmol) or methoctramine (50 nmol)
injected into CeA or basolateral amygdala (BLA). Each point represents
the mean+ S.E.M. of 4-6 individua experiments.
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rate changes when injected into the central nucleus of
amygdala failed to exert any inhibition (Fig. 3). Methoc-
tramine at a dose of 50 nmol injected into both the central
nucleus of the amygdala and the basolateral amygdala did
not cause any significant ateration in the responses (Fig.
3.

4, Discussion

The present data demonstrate that injection of carbachol
into the lateral cerebral ventricles in conscious, unrestraint
Sprague—Dawley rats evokes a pressor response associated
with a decrease in heart rate. Thisi.c.v. carbachol-induced
pressor response was found to be attenuated by the selec-
tive muscarinic M, receptor antagonist, pirenzepine
(Hammer et al., 1980) when injected into the central
nucleus of the amygdala, in a dose-dependent manner.
However, the selective muscarinic M, receptor antagonist,
methoctramine (Giraldo et al., 1988), could not inhibit the
pressor response at a dose of 50 nmol, athough the
inhibitory effect of the same dose of pirenzepine was
significant. As pirenzepine is approximately 10 times more
potent at muscarinic M; and 20 times less potent at
muscarinic M, receptors than methoctramine and both
compounds are equipotent at M ; and M, receptors (Dorje
et a., 1991; Doods et al., 1993), the results of the present
study suggest that muscarinic M, receptors mediated the
above described carbachol-induced pressor response. This
effect seems to be specific to the central nucleus of the
amygdala since both pirenzepine (50 nmol) and methoc-
tramine (50 nmol) were ineffective when injected into the
basolateral amygdala.

The amygdala has been implicated in the control of
several autonomic functions such as respiration and cardio-
vascular functions, including the regulation of blood pres-
sure (Dampney, 1994; Davis et al., 1994). For instance,
ablation of the amygdala is reported to delay the develop-
ment of hypertension and to attenuate the exaggerated
pressor responses to noise stress in spontaneously hyper-
tensive rats (Galeno et a., 1982, 1984). Further, ablation
of the central nucleus of the amygdala significantly attenu-
ates i.c.v. carbachol-induced pressor responses in both
anesthetized and conscious rats (Ozkutlu et a., 1995). In
our previous experiments, we also found that the pressor
responses to electrical and carbachol-induced stimulation
of the central nucleus of the amygdala were inhibited by
the muscarinic receptor antagonists, atropine, pirenzepine
and AF-DX 116 (11-[[2-[(diethylamino)methyl]-1-
piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-b][1,4]ben-
zodiazepin-6-one). Pirenzepine has been found to be more
potent than AF-DX 116 and is equipotent to atropine in
this respect (Adan et al., 1995, 1997). These combined
observations suggest that, at the level of the amygdaloid
complex, cholinergic pathways acting via M, muscarinic
receptors may play an important role in the regulation of
blood pressure and in stress-induced hypertension.

The centra cholinergic regulation of heart rate seemsto
be independent of that of blood pressure. For example, the
heart rate changes produced by carbachol injection into the
central nucleus of the amygdala are reported to be variable
(Ohta et a., 1991). Furthermore, the electrolytic ablation
of this nucleus does not alter i.c.v. carbachol-evoked
bradycardia while the pressor responses are significantly
inhibited by this intervention (Ozkutlu et al., 1995). How-
ever, although this effect was not dose-dependent, 50 and
75 nmol doses of pirenzepine injected into the centra
nucleus of the amygdala suppressed the bradycardic effect
of i.c.v. carbachol. Therefore, it may be concluded that M,
receptors are at least partially involved in carbachol-in-
duced changes in heart rate. The lack of an inhibitory
effect of methoctramine supports this suggestion.

In conclusion, the present data support the view that M,
muscarinic receptors seem to be the major subtype in-
volved in the cardiovascular regulation (Barnes and
Roberts, 1991; Polidori et al., 1991; Scheucher et a.,
1991) mediated by central cholinergic pathways, and that
the muscarinic M, receptors in the central nucleus of the
amygdala are particularly important for this integration.

Acknowledgements

This work was supported by a grant from the Scientific
and Technical Research Council of Turkey (project No.
SBAG-1250) and Marmara University Research Fund
(project No. SB-DY D-26). The authors wish to thank Prof.
Carlo Méelchiorre (Italy) for the methoctramine.

References

Ally, A, Hara, Y., Murayama, S., 1993. Cardiovascular effects of central
administration of cholinomimetics in anesthetized cats. Neuropharma:
cology 32, 185-193.

Adan, N., Goren, Z., Onat, F., Oktay, $., 1995. Muscarinic receptors
involved in blood pressure changes induced by electrical stimulation
of central amygdaloid nucleus. Br. J. Pharmacol. 114, 334P.

Aslan, N., Goren, Z., Ozkutlu, U., Onat, F., Oktay, S., 1997. Modulation
of the pressor response elicited by carbachol and electrical stimulation
of the amygdala by muscarinic antagonists in conscious rats. Br. J.
Pharmacol. 120, 35-40.

Barnes, J.C., Roberts, F.F., 1991. Central effects of muscarinic agonists
and antagonists on hippocampal theta rhythm and blood pressure in
the anesthetized rat. Eur. J. Pharmacol. 195, 233—-240.

Brezenoff, H.E., 1972. Cardiovascular responses to intra-hypothalamic
injection of carbachol and certain cholinesterase inhibitors. Neu-
ropharmacology 11, 637-644.

Brezenoff, H.E., Giuliano, R., 1982. Cardiovascular control by choliner-
gic mechanisms in the central nervous system. Annu. Rev. Pharmacol.
Toxicol. 22, 341-381.

Brezenoff, H.E., Jenden, D.J., 1969. Modification of arterial blood pres-
sure in rats following microinjection of drugs into the posterior
hypothalamus. Int. J. Neuropharm. 8, 593—600.

Brezenoff, H.E., Wirecki, T.S., 1970. The pharmacological specificity of
muscarinic receptors in the posterior hypothalamus of the rat. Life
Sci. 9, 99-109.

Buccafusco, JJ., 1996. The role of central cholinergic neurons in the



N. Adlan et al. / European Journal of Pharmacology 333 (1997) 63-67 67

regulation of blood pressure and in experimental hypertension. Phar-
macol. Rev. 48, 179-211.

Buccafusco, J.J., Brezenoff, H.E., 1979. Pharmacological study of a
cholinergic mechanism within the rat posterior hypothalamic nucleus
which mediates a hypertensive response. Brain Res. 165, 295-310.

Criscione, L., Reis, D.J., Talman, W.T., 1983. Cholinergic mechanismsin
the nucleus tractus solitarii and cardiovascular regulation in the rat.
Eur. J. Pharmacol. 88, 47-55.

Dampney, R.AA.L., 1994. Functional organization of central pathways
regulating the cardiovascular system. Physiol. Rev. 74, 323—-364.
Davis, M., Rainnie, D., Cassell, M., 1994. Neurotransmission in the rat

amygdalarelated to fear and anxiety. Trends Neurol. Sci. 17, 208—214.

De Luca, L.A., Franci, C.R., Saad, W.A., Camargo, L.A.A., Antunes-
Rodrigues, J., 1990. Natriuresis induced by cholinergic stimulation of
locus coeruleus in the rat. Physiol. Behav. 47, 605—610.

De Wildt, D.J.,, Porsius, A.J.,, 1981. Centra cardiovascular effects of
physostigmine in the cat: Possible cholinergic aspects of blood pres-
sure regulation. Arch. Int. Pharmacodyn. Ther. 253, 22—39.

Dirnhuber, P., Cullumbine, H., 1955. The effect of anticholinesterase
agents on the rat’s blood pressure. Br. J. Pharmacol. 10, 12-15.

Doods, H.N., Wilim, K.D., Boddeke, W.G.M., Entzeroth, M., 1993.
Characterization of muscarinic receptors in guinea-pig uterus. Eur. J.
Pharmacol. 250, 223-230.

Dorje, F., Wess, J,, Lambrecht, G., Tacke, R., Mutschler, E., Brann,
M.R., 1991. Antagonist binding profiles of five cloned human mus-
carinic receptor subtypes. J. Pharmacol. Exp. Ther. 256, 727-733.

Galeno, T.M., Van Hoesen, G.W., Maixner, W., Johnson, A.K., Brody,
M.J., 1982. Contribution of the amygdala to development of sponta-
neous hypertension. Brain Res. 246, 1-6.

Galeno, T.M., Van Hoesen, G.W., Brody, M.J., 1984. Central nucleus of
amygdala lesion attenuates exaggerated hemodynamic responses to
noise stress in the spontaneously hypertensive rat. Brain Res. 291,
249-259.

Gelsema, A.J.,, McKitrick, D.J,, Cdaresu, F.R., 1987. Cardiovascular
responses to chemical and electrical stimulation of amygdala in rats.
Am. J. Physiol. 253, R712—-R718.

Girado, E., Micheletti, R., Montagna, E., Giachetti, A., Vigano, M.A,,
Ladinsky, H., Melchiorre, C., 1988. Binding and functional character-
ization of the cardioselective muscarinic antagonist methoctramine. J.
Pharmacol. Exp. Ther. 244, 1016—-1020.

Giuliano, R., Ruggiero, D.A., Morrison, S., Ernsberger, P., Reiss, D.J.,
1989. Cholinergic regulation of arterial pressure by the C1 area of the
rostral ventrolateral medulla. J. Neurosci. 9, 923—-942.

Hammer, R., Berrie, C.P., Birdsal, N.JM., Burgen, A.S.V., Hulme, E.C.,
1980. Pirenzepine distinguishes between different subclasses of mus-
carinic receptors. Nature 283, 90-92.

Hara, Y., Ally, A., Murayama, S., 1992. Central cardiovascular effects of
physostigmine in anesthetized cats. Neuropharmacology 31, 923-928.

Haruta, K., Iguchi, A., Matsubara, T., Itoh, K., Che-Lang, C., Yoshida,
S., Terada, R., Kanashiro, M., Suzuki, O., Nishimura, H., Sakamoto,
N., 1992. Stimulation of muscarinic cholinoceptive neurons in the
hippocampus evokes a pressor response with bradycardia. Life Sci.
50, 427-433.

Hoover, D.B., Muth, E.A., Jocobowitz, D.M., 1978. Mapping of the
distribution of acetylcholine, choline acetyltransferase and acetyl-
cholinesterase in discrete areas of rat brain. Brain Res. 153, 295—306.

Krstic, M.K., Djurkovic, D., 1973. Cardiovascular responses to injection
of cholinomimetic drugs into the cerebral ventricles of unanesthetized
dogs. Br. J. Pharmacol. 17, 341-347.

Litchfield, J.T., Wilcoxon, F., 1949. A simplified method of evaluating
dose-effect experiments. J. Pharmacol. Exp. Ther. 96, 99-116.

Martin, JR., 1992. Pressor response to posterior hypothalamic adminis-
tration of carbachol is mediated by muscarinic M 5 receptor. Eur. J.
Pharmacol. 215, 83-91.

Menani, J.V., Saad, W.A., Camargo, L.A.A., Renzi, A., De Luca, L.A.,
Colombari, E., 1990. The anteroventral third ventricle (AV3V) region
is essential for pressor, dipsogenic and natriuretic responses to central
carbachol. Neurosci. Lett. 113, 339-344.

Murugaian, J., Sundaram, K., Sapru, H., 1989. Cholinergic mechanism in
the ventrolateral medullary depressor area. Brain Res. 501, 355—363.

Nattie, E.E., Li, A., 1990. Ventral medulla sites of muscarinic receptor
subtypes involved in cardiorespiratory control. J. Appl. Physiol. 69,
33-41.

Ohta, H., Watanabe, S., Ueki, S., 1991. Cardiovascular changes induced
by chemical stimulation of the amygdala in rats. Brain Res. Bull. 26,
575-581.

Oktay, $., Ilhan, M., Onur, R., Kayaalp, S.O., 1984. Antagonism of the
hypertensive effect of physostigmine in anesthetized rat by morphine.
Arch. Int. Pharmacodyn. Ther. 271, 275-281.

Ozawa, H., Uematsu, T., 1976. Centrally mediated cardiovascular effects
of intracisternal application of carbachol in anesthetized rats. Jpn. J.
Pharmacol. 26, 339-346.

Ozkutlu, U., Onat, F., Aslan, A.N., Oktay, S., 1993. Central muscarinic
M, cholinoceptors involved in cholinergic hypertension. Eur. J. Phar-
macol. 250, 349-354.

Ozkutlu, U., Cogkun, T., Onat, F., Yegen, B.C., Oktay, S., 1995. Cardio-
vascular effects of centrally active cholinomimetics in conscious and
anesthetized rats: The role of amygdala. Brain Res. Bull. 37, 569-573.

Paxinos, G., Watson, C., 1982. The Rat Brain in Stereotaxic Coordinates.
Academic Press, San Diego, CA.

Polidori, C., Pompei, P.L., Perfumi, M., Melchiorre, C., Massi, M., 1991.
Natriuresis, kaliuresis and antidiuresis induced by central carbachol
injection are mediated by muscarinic M ; receptors. Eur. J. Pharmacol.
195, 139-143.

Rotter, A., Birdsal, N.JM., Burgen, A.SV., Field, P.M., Hulme, E.C,,
Raisman, G., 1979. Muscarinic receptors in the centra nervous
system of therat. |. Technique for autoradiographic localization of the
binding of [3H]propylbenzilycholine mustard and its distribution in
the forebrain. Brain Res. 1, 141-165.

Scheucher, A., Alvarez, A.L., Torres, N., Dabsys, SM., Flinkielman, S.,
Nahmod, V.E., Pirola, C.J., 1991. Cholinergic hyperactivity in the
lateral septal area of spontaneously hypertensive rats: Depressor effect
of hemicholinium-3 and pirenzepine. Neuropharmacology 30, 391—
397.

Sundaram, K., Krieger, A.J., Sapru, H., 1988. M, muscarinic receptors
mediate pressor responses to cholinergic agonists in the ventrolateral
medullary pressor area. Brain Res. 449, 141-149.

Sundaram, K., Murugaian, J., Watson, M., Sapru, H., 1989. M, mus-
carinic receptor agonists produce hypotension and bradycardia when
injected into the nucleus tractus solitarii. Brain Res. 477, 358—362.

Varagic, V., 1955. The action of eserine on the blood pressure of the rat.
Br. J. Pharmacol. 10, 349-353.



