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Several neurochemical and pharmacological studies have 

demonstrated a hyperactivity of brain cholinergic neurons in the 

development and/or maintenance of experimental hypertension. 

Intravenous (i.v.) administration of physostigmine r~sults in a pressor 

response of greater magnitude in spontaneously ·4ypertensive (SHR) as 
. . 

compared.to age-matched no~motensive (NT} rats. The purpose of this 

study was to determine. whether this enhanced response is due to 

dysfunction in presynaptic or postsynaptic compbnents of central 

cholinergic neurons. The dose-pressor responses.to centrally acting 

cholinergic agonists were examined in SHR and age-matched NT rats. The 

response· to i.v. administration of physostigmine, but not arecoline was 

·enhanced in SHR compared to NT rats (p<O.Ol). The pressor response to 

physostigmine, but not.arecoline was greatly reduced in animals 

following depletion of brain acetylcholine levels. The selective 

dependence of physostigmine on intact brain cholinergic function as 

well as its ability to evoke an exaggerated hypertensive response in 

SHR suggests that presynaptic mechanisms, possibly involving the 

release of acetylcholine, are responsible for enhanced cholinergic . 

activiy in SHR rats. In contrast, the pressor response to·intracerebro 

ventricular (i.c.v.) injection of cholinergic agonists did not result 

in enhanced hypertensive responses in SHR. Since the pressor response 

to i.v. injection of physostigmine is mediated at the level of the 
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lower brains~em, and the response to i.c.v. administration is mediated 

at more rostral brain regions, ~t is concluded that, at least, 2 

cholinergic pressor areas exist in the brain, but activation of only 

one, possibly located in the medulla, results in an enhanced pressor 

response to central cholinergic stimulation in hypertensive rats. 

Key words: Cholinergic, hypertension, central nervous system, 

physostigmine, arecoline, ventricular, blood.pressure 
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Introduction 

A. Statement of the Problem: 

Various pharmacologic and neurochemical studies have suggested 

hyperactivity of central cholinergic neurons to have a role in the 
. . 

development and/or maintenance· of hypertension in various species. 

Systemic administration of indirect centrally acting cholinergic .. 

agonists in spontaneously hypertensive rats (SHR) results in a pressor. 

response of greater magnitude than that evoked in age-matched 

normotensive, Wistar-Kyoto (WKY) controls (Kubo &'Tatsumi, 1979; 

Buccafusco &. Spector, 1980; Giuliano, 1984; Kawashima et al., 1986). 

While several investigations have been designed to explain the nature 

of central cholinergic hyperactivity in the regulation of 

cardiovascular mechanisms, details as ·to whether it.is due to 

presynaptic or postsynaptic components have. remained unclear.· In 1983, 

Hershkowitz and coworkers reported increased density of muscarinic 

binding sites in th'e posterior hypothalamus early in the de~elopment of 

hypertension in the S:HR as compared to normotensive controls. Others 

· however, have failed to demonstrate such a difference (CantQr et al., 

1981; LeFur et al., 1981). Also, several reports have demonstrated 

that the central administration of carbachol, a direct muscarinic 

receptor agonist, results in an enhanced pressor response in SHR rats 

as compared to their normotensive controls, the. WKY rats (Hoffman et 

al., 1978, Takahishi et al., 1984). It is not clear, however, whether 

the exaggerated response to carbachol is mediated through enhanced 
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postsynaptic or presynaptic mechanisms, or whether both possiblities 

contribute {as in the case where more than one cholinergic synapse is 

. involved). To suggest that presynaptic cholinergic changes participate· 

in spontaneous hypertension are recent findings from this laboratory 

which demonstrated that synaptosomal membranes derived from the 

medulla-pons of SHR exhibited enhanced cholinergic activity as compared 

to their age-matched normotensive controls {Trimarchi & Buccafusco, 

1987). 

The purpose of this study was .{1) to determine whether the 

enhanced pressor response evoked by intravenous {i.v.) injection of 

physostigmine in the SHR is due to presynaptic or postsynaptic effects 

in the CNS, and {2) to determine whether rostral brain regions mediate 

the enhanced pressor response in the SHR as ·elicited by intracerebro-· 

ventricular (i.c.v.) injection of physostigmine; and if so, whether 

they employ the same pathway as that employed by i.v. injection of 

·physostigmine, i.e. the medulla. This information will enhance the 

understanding of the different central cholinergic pathways involved in 

development and/or maintenance o~ hypertension. 

B. Review of Related Literature 

Acetylcholine {AC~) has been reported to. function. as a 

neurotransmitter since 1933 {Chang & Gaddum, 1933). ·Focus however, 

concerning its role in central cardiovascular {CV) regulation has hot· 

received significant emphasis until the early 1970'~· Only within the 

last 10 years has pharmacological and neurochemical evidence 

accumulated acknowledging a major role of brain cholinergic neurons in 

central regulation of blood pressure in animal models of hypertension. 
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Several studies have demonstrated that central 'or systemic 

administration of centrally-acting cholinergic agonists, both direct 

and indirect acting agents·, evoke a pressor response in several animal 

species (Eickstedt et al., 1955; Varagic, 1955; Hornykiewicz & 

Kobinger, 1956; Medakovic & Varagic, 1957; Della Bella et al. ·, 1964; 

Walker & Weetman, 1970; Brezenoff & Rusin, 1974; Weinstock et al., 

1978; Kubo & Tatsumi, 1979; Brezenoff & Giuliano, 1982 for review; 

DeNeef et al., 1982; Buccafusco & Brezenoff, 1986 for review) as well 

as man (Aquilonius and Sjostrom, 1971; janowsky· et al., 1983; Nutt et 

al., 1978)~ Peripheral factors do·not appear to initiate the rise in 

arterial pressure following pretreatment with cholinergic agonists, 

since only those cholinergic agonists which cross the blood brain 

barrier (BBB) have the capability of eliciting a pressor response when 

administered through the systemic circulation. For example, 

acetylcholinesterase inhibitors (AChE!) which do not cross the BBB fail 

to elicit a pressor response when administered systemically (Eickstedt 

et al., 1955; Varagic, 1955; Hornykiewicz & Kobinger, 1956; Varagic & 

Beleslin, 1962). In contrast; direct administration of those charg~d 

compounds, such as neostigmine and echothiophate, into the cerebral 

ventricular system evokes a rise in arterial blood pressure (Eickstedt 

et al., 1955; Hornykiewicz & Kobinger, 1956; Brezenoff, 1972; 

Buccafusco & Brezenoff, 1978). Also, interference with central 

cholinergic neurotransmission by blockade of central muscarinic 

receptors abolishes the rise in blood pressure resulting from central 

cholinergic stimulation (Brezenoff, 1973; Buccafusco & Brezenoff, 1986. 

for review). However, interference with peripheral cholinergic 

activity does not abolish the pressor response (Brezenoff, 1973). 



Furthermore, . several -investigations have de.monstrated that an increase 

in peripheral sympathetic activity is responsible for producing the 

rise in blood pressure {Varagic & Beieslin, 1962; Buccafusco & 
' . 

. Brezenoff, 1979; Weinstock et al., ~.i979). Chemical or surgical 

peripheral sympathectomy resulted in abolition or attenuation of the 

pressor response elicited by central cholinergic activation· {Varagic, 
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1955; Gokhale et al,. 1964; Walker & Weetman, 1970; Krstic & Djurkovic, 

1978). In addition, drugs which increase the-availability of 

norepinephrine at the periphery, such as cocaine~ potentiate the 

pressor effect of central ch~linomiinet.ics {Va~agic ,· 1955) . ·. 

Thus, it appears that central cholinergic activation may result in 

a disturbance in a central neuronal complex containing cholinergic 

neurons, resulting in increased peripheral sympathetic outflow, thus 

leading to elevation of. arterial blood pressure {Brezenoff & Giuliano, 

1982). It therefore seems reasonable to suggest that in the 

pathological state of hypertension, a disturbance in the centers 

mediating the pressor respons~ following central cholinergic 

stimulation may result in the high blood pressure. 

Hypertension is a disease state in which arterial pressure,-~ under 

basal conditions, is persistently elevated above 150/90 mmHg in persons 

below 50 years, or above 160/100 mmHg in persons above 60 years. · It 

may be due to various etiological factors which may include: _genetic, 

renal, endocrine, cardiovascular, etc ... {see Youssef, 1979). The 
-

availability of rat models representative of the different etiological 

factors resulting in hypertension has made it possible to investigate 

the homeostatic abnormalities common to all models·of the disease, as 

well as identify the precise differences between them. 
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Upon investigation of the detailed mechanisms taking place inthe. 

course of development of different rat models· of hypertension, it 

appears that an increase in peripheral sympathetic outflow is 

chara~teristic of each. md.del (DeCh8iiiplain & Van Ameringen, 197.2; 
.- ' ' . ' ., . 

Iriuchijima, 1973, 1975; Reid et al., 1975; Coote &Sato, 1977; Schramm 

et al., 1979). Another feature common to different rat models of 

hypertension is that interference with central ·cholinergic function 

results in an antihypertensive response. These models include: SHR, 
. -

deoxycorticosterone acetate {DOCA)-sa,lt rat, Grollman rats, aortic 

coarctation {Giuliano & Bre~enoff, 1987), ·and th~ Dahl salt--sensitive 

rat {McCaug~ran, 1983). In contrast to the antihypertensive effect of 

central cholinergic inhibition, the pressor response elicited by 

central cholinergic activation appears to be g~eater in magnitude in· 

SHR {Kubo & Tatsumi~ 1979; Buccafusco &·Spector, 1980; Giuliano, 1984; 

Kawashima et al., 1986) and in the Dahl salt-sensitive rat {McCaughran, 

·1983), as compared to their controls. In addition to those 

pharmacologic studies there are neurochemical studies which have 

demonstrated altered markers for cholinergic neuronal activity in rat 

models of hypertension. Such markers include: the activities of 

acetylcholinesterase, and choline-acetyltransferase {CHAT), 

acetylcholine levels, the density of muscarinic receptors , and the 

high affinity transport of choline.· In 1976, Yamori reported increased 

acetylcholinesterase activity in the lower brainstem of SHR rats as 

compared to WKY controls (Yamori, 1976). Also, in 1980, Helke and 

coworkers detected in.creased CHAT activity and ACh levels in the locus · 

coeruleus of 12-week old SHR rats as compared to WKY controls (Helke et 

al., 1980). .In contrast, CHAT activity was found to be decreased 'in 
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the hypothalamus of 4-12 week old SHR (Helke et al., 1980), and Dahl

salt sensitive rats (Edwards et al., 1983). The density of 

postsynaptic muscarinic receptors however, was found to be increased in 

the posterior hypothalamus of SHR rats {Edwards et al., 1983; 

Hershkowitz et al., 1983}. On the other hand, recent findings from this 

laboratory demonstrated increased high affinity choline uptake in 

synaptosomal membranes of medulla-pons derived from SHR rats as 

compared to normotensive age-matched controls (Trimarchi & Buccafusco, 

1987} .. These findings support the concept that SHR rats exhibit. 

altered central cholinergic functibn, which could lead to increased 

peripheral sympathetic outflow and possibly the mechanism by which 

blood pressure is persistentiy elevated in hypertension. 

Whether cholinergic activity is·operational under normal basal 

conditions is controversial. Several studies have demonstrated that 

inhibition of central cholinergic activity by depleting brain ACh 

reduces blood pressure to normal levels in the SHR, whereas it ddesn't 

reduce blood pressure in normotensive rats (Brezenoff & Caputi, 1980; 

Buccafusco & Spector, 1980}. Likewise, inhibition of central 

muscarinic receptors by atropine, administered i.c.v., does not lower 

blood pressure in normotensive rats {Brezenoff et al., 1979; Brezenoff 

& Caputi, 1980). However, local administration of muscarinic 

antagonists, such as atropine and scopolamine into the rostral 

ventrolateral medulla, reduces blood pressure in normotensive rats 

(Willette et al., 1984; Punnen et al., 1986}. 

Further support for the role of cholinergic neurons.in central 

regulation of blood pressure is the hypothesized mechanism of action by 

which some centrally-acting antihypertensive drugs decrease_ blood 
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pressure. Clonidine has been reported to have an inhibiting action on 

central cholinergic neurons (Buccafusco et al., ·1980). Although an 

alpha-adrenergic agonist (Schmitt, 1977), clonidine maintains its 

antihypertensive action despite depletion of ·central catecho1amines 

(Haeusler, 1974; Kobinger & Pichler, 1974, 1975, 1976; Finch et al~, 

1975; Reynoldson et al., 1979). 'Also, estimation of brain ACh 

metabolism following intravenous administration of clonidine has 

revealed a decrease in turnover of ACh in the hypothalamus and 

. brainstem, brain areas which are well known for their role in cv 

regulation (Buccafusco, 1984). Also, these brain areas have been 

suggested as possible sites for the antihypertensive action of 

clonidine (Kobinger, 1978 for review). However, despite its rich 

supply of cholinergic ne.urons, the striatum did not exhibit a decrease 

in ACh turnover in rats pretreated with clonidine (Buccafusco, 1984). 

This could be explained by the relatively lower concentration of alpha

receptors in the striatum (U'Prichard et al.,_ 19.77). Also, in support 

of the concept that the antihypertensive action of clonidine is 

mediated through inhibition of central cholinergic activity, is the 

observE;Ltion that the side effects follo_wing intake of the drug in 

hypertensive patients are typical of common anticholinergic side 

effects, e.g. sedation and dry mouth (Ooodman & Gilman, 1980). The. 

antihypertensive action of drugs through inhibition of central 

cholinergic activity is not unique for clonidine. Investigations 

involving the mechanism' of action of-the antihypertensive agent alpha

methyldopa, also an alpha-adrenergic agonist (Scriabine et al., 1976) 

have revealed a mechanism of action ·similar to that of clonidine, 

through its active metabolite methylnorepinephrine (Buccafusco, 1984). 
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Stimulation of cholinergic_neurons at different levels of the 

brain results in a pressor response. However, the functional site 

responsible for the altered cholinergic activity in association with. 

hypertension remains unknown. While i.v. injection of cholinergic 

agonists evokes a pressor response by an action on the ventrolateral 

pressor area of the medulla (Brezenoff, 1973; Willette et al., 1984; 

Punnen et- al., 1986), central cholinergic stimulation of other brain 

areas also results in a hypertensive response. Direct administration 

of cholinergic agonists.into the ventricular system evokes a. pressor 

response of immediate onset; making it more likely that the -site of 

action is within the periventricular structures rather than the medulla 

(Caputi & Brezenoff, 1980). An action in the latter site through 

diffusion is less. likely since it would be expected to haye a greater 

latency onset to elicit--a pressor response. Also, it has been 

demonstrated that a larger dose of antagonist (atropine), administered 

·i.c.v., is required to inhibit the pressor response to i.v. injection 

of physostigmine than is-required to abolish the pressor response of 

AChE! administered i.c.-v., suggesting different pathways for the 

pressor response evoked by physostigmine .administered through different 

ro':ltes (Brezenoff, personal communication). Results from several 

studies have also demonstrated pressor responses to cholinergic 

agonists administered in different areas of the hypothalamus 

(Brezenofi, 1972; Buccafusco & Brezenoff, 1978, 1979; Brezenoff et al., 

1982) which makes the latter a potential site of action of drugs 

injected into the rostral ventricular system. Thus, it appears that 

there exists more than one possible site through which cholinergic 



neurons could participate in the maintenance and/or development of 

hypertension. · 

9 

Activation of cholinergic neurons in different levels of the CNS 

results in a hypertensive response~ It is my hypothesis that one or 

more of these central cholinergic systems, which participate in the 

maintenance of experimental hypertension, is altered in its presy~aptic 

rather than postsynaptic component of neuronal func~ion, primarily 

mediates this alteration in spontaneously hypertensive rats. 



Materials and Methods 

A. Animals: 

Male spontaneously hypertensive rats (SHR), 18-20 weeks of age and . . 

age~matched normotensive (WKY) rats were obtained from Taconic Farms 

Inc., Germantown, New York and Harland Sprague-Dawley, Inc., 

Indianapolis, IN. Also, male Wistar rats (i8~2o wks) were obtained 

from Harland Industries, Inc., Indianapolis, I~. All rats were.housed 

in an environmentally controlled room in a 12 .hours light:" 12 hour dark . 

cycle with food (Wayne Lab Block) and tap water ad libitum. 

B. Surgery: 

I. Stereotaxic Surgery: 

Rats were anesthetized with methohexital sodium (60 mg/kg, 

i.p.) and placed in a stereotaxic frame in a flat ·skull orientation 

·i.e., the elevation of the Lambda and bregma skull points were equal. 

A burr hole wa~ drilled in the skull. An 11 mm cannula guide, made 

from the tip of a 23 gauge needle was mounted to the electrode holder 

of .the stereotaxic instrument and directed toward the. lateral ventricle 

through the burr hole (coordinates (Paxinos and Watson, 1982) 1.5 mm 

lateral to bregma, 2."5 mm below skull). The cannula guide was 

permanently.held in place with dental cement and anchoring screws, and 

was plugged with a 30 gauge stillete. Animals were housed separately 

fo:t;' at least five days to stabilize before undergoing vascular surgery. 

10 
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II. Vascular Surgery: 

Rats were anesthetized with methohexital sodium (60 mg/kg, 

i.p) and a catheter (PE50) filled with saline/heparin (20 units/ml} 

solution was inserted into the left common iliac artery with its tip at 

the termination of the abdominal aorta. The catheter was exteriorized 

at the nape of the neck, passed through a spring support, and connected 

to a water-tight swivel for the direct recording of arterial blood 

pressure. A second catheter was implanted in the right jugular vein 

and brought out at the nape of the neck to permit i.v. injection of 

drug solutions.· The swivel cannula was mounted 30 em above the cage in 

which the animal remainedunrestrained for the duration of the 

experiment. The venous catheter was filled with·saline and plugged 

with a 22-gauge stainless steel stillete. The arterial line was 

continuously flushed (8.6 mg/day) with saline.containing 20 units/ml of 

sodium heparin. Rats _were allowed to recover for at least 24 hours 

·before the first blood pressure recording. 

C. Measurement of Blood Pressure and Heart Rate: 

Arterial pressure.was recorded in unanesthetized, freely moving rats· 
' ' 

by connecting the arterial line to a Statham P23Gb pressure transducer · 

(Oxnard, California} which was cqupled to a Wantanabe Mark VII 

polygraph recorder (Irvine, California}. Heart rate (HR) was measured 

by a Coulbourn Instrument (S77-26) cardiotachometer triggered from the 

blood pressure (BP} pulses. BP and HR were recorded for at least 20 

min or until a stable reading was obtained. 



D. Drug Dosing and Method of Drug Administration: 

The doses employed were based on preliminary studies with each 

agonist performed to determine the appropriate dose range for each 

compound to elicit a similar increase in mean arterial pressure. 

All drugs were dissolved in 0.9% NaCl. 

I. Doses of drugs injected intravenously: 

- Physostig~ine hemisulfate (Sigma Chemical Co.) was 

administered in the following doses: 12.5, 25, 50, 100, 

200 ug/kg 

12 

-·Arecoline hydrobr.omide (Sigma Chemical Co.) was 

administered in the following doses: ·· 25, 50, 100, 200, 400 

ug/kg 

- Oxotremorine sesquifumarate (Sigma Chemical Co.) was 

administered in the following doses: 5, 10, 25, 50, ·100 

ug/kg 

-Atropine methylbromid~ {Sigma Chemical Co.) was 

administered at 500 ug/kg. 

II. Doses of drugs ~dministered centrally (I.C.V.}: 

-Physostigmine hemisulfate (Sigma Chemical Co.) was 

.administered at 10 and 35 ug/10 ul 

- Arecoline'hydrobromide (Sigma.Chemical Co.) was 

administered at 5 and 10 ug/10 ul 

-Oxotremorine sesquifumarate (Sigma Chemical Co.) was 

administered at 0.5 and 15 ug/10 ul 

- Hemicholinum-3 (Sigma Chemical Co.) was administered at 20 

·ug/10 ul 

\ 
\ 
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III. ·Method of administration of drugs: 

I.C.V. admi~istration of drugs was performed by insertion of 

a 12.5 mm, 30 gauge stainless steel cannu~a through the guide w~th .its 

tip resting in the lateral ventricle. Dye was injected using the 30 

guage cannula inserted through the cannula guide at the. completion of 

an experiment and the rat sacrificed to verify the position of the 

cannula. 

The cannula was filled with drug solution and was then connected 

to a 50 ul syringe. The.syringe was driven by a constant speed syringe 

pump .. Drugs were injected at the rate of 0.33 ul/sec., in a total 

volume of 10 ul. 

Drugs administered i.v., were administered freehand over a 15·sec 

period via the catheter inserted in the jugular vein. 

E. Statistical Analysis: 

Values were presented as means + S.E.M. The differences between 

means of two groups were estimated using Student's t-test for unpaired 

data. Comparisons between means of several populations were performed 

using analysis of variance (ANOVA) for repeated measures. A p ~ 0.05· 

was considered to be significant. 

) 



Protocol of Experiments 

Protocol #1 

To determine whether the enhanced pressor response to i.v. 

injection of physostigmine in the SHR was due to altered presynaptic or 

postsynaptic components in the cholinergic neuron~ experiments were 

performed to compare the dose-pressor response relationship in adult 

(18-20 wks) SHR and their age-matched normotensive (NT) controls. 

Seven SHR and their age-matched controls were used to test each 

cholinergic agonist.· Rats underwent vascular surgery in which chronic 

insertion of arterial and venous catheters was performed. Rats ~ere 

allowed to r~st for two days during which their arterial lines were 

. continuously perfused with (8.6 ml/day) of saline containing (20) _ 

units/ml sodium heparin. On the day of the experiment an equal number 

of SHR and NT rats had their arterial lines coupled to a polygraph'. 

recorder through a pressure transducer. Drugs were administered i.v. 

by connecting a 3 way stopcock to the venous catheter .. The venous line 

_was flushed with 0.5 ml saline following drug administration. Rats 

given arecoline or oxotremorine i.v. were pretreated with i.v. atropine 

methylbromide (500 ug/kg) to selectively block any peripheral effect of 

the drugs (Herz et al., 1965; Walker & Weetman, 1970). However, rats 

given i.v. injection of physostigmine were not pretreated with atropine 

methylbromide since peripheral cholinesterase inhibition results in no 

significant direct cardiovascular response. Each rat was given the 

scheduled doses of the same drug allowing enough time for blood 

14 
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pressure to· return to baseline levels between each dose. Some rats 

were employed again on a different day to test the dose-pressor 

response effects to a different cholinergic agonist. 

In order to determine the extent to which the pressor response to 

each agonist depended upon the release of endogenous ACh, i.c.v. 

injection of hemicholinum-3 {HC-3) was employed to deplete brain stores - -

of ACh prior to the i.v. administration of each agonist in normotensive 

rats. Male Wistar rats underwent stereotaxic surgery to allow 

permanent implantation of cannula_ guides into the lateral cerebral 

ventricle allowing administration of HC-3 {20 u·g/10 ul) or saline {10 

ul). Four days later, rats underwent ·vascular surgery and were allowed 

to rest for two days as indicated earlier in this section. On the day 

of the experiment, drugs were injected i.v. and BP E;md HR response 

recorded. When BP returned to baseline, HC-3 or saline were 

administered i.c.v. and 45 minutes allowed for depletion of brain ACh 

- (Buccafusco et al., 1979). The same· agonist given prior -to the HC-3 

injection was readministered and the pressor response_ compared with 

that obtained before HC-3. 

Protocol #2 

-The purpose of this study was to determine whether those 

cholinergic agonists employed in Protocol #1 evoked the same pressor 
I 

response relationships between SHR and.NT rats (NTR) when administered 

via more rostral brain regions. Also, experiments were designed to 

determine whether they employed the same pathway as that employed when 

administered systemically. Wistar rats (5-7) underwent stereotaxic 

surgery for chronic implantation of i.c.v. cannula guides, followed 4 

days later by vascular surgery for chronic insertion of chronic 
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arterial catheters to allow BP and HR recording. Rats were allowed 2 

days to recover from vascular surgery. On the day of the experiment 

rats were connected to a polygraph recorder via their arterial lines. 

When BP became stable, baseline control measurements were recorded 

followed by i.c.v. injection of arecoline (i'O ug/10 ul). When blood 

pressure returned to baseline, HC-3 {20· ug/10 ul) i.c.v. or saline {10 

ul) i.c.v. were administered, and 45 minutes were allowed for the drug 

to deplete endogenous stores of ACh in the brain. A second injection 

of arecoline {10 ug/10 ul, i.c.v.) was administered following HC-3 

administration. 

In order to compare the dose-pressor response relationships for 

the 3 cholinergic agonists in SHR and NT rats,· (5-7) SHR {18-20 wks) 

and their age-matched NT controls were used for each·drug. Rats 

underwent stereotaxic surgery, as has been previously described, 

followed by vascular surgery. On the day of the experiment, the 

·catheters from an equal number of SHR and NT rats were connected to the 

blood pressure transducer, baseline measurements taken and different 

doses of the same cholinergic agonist administered, allowing enough 

time for BP to return to baseline between doses. Certain anim~ls were 

employed for more than one drug protocol, allowing one day for the rats 

to rsst between different drugs. 



Results 

Control Blood Pressure and Heart Rate in SHR and NTR: 

Control preinjection levels of systolic and diastolic pressure for 

·173 NTR averaged 153.9~1.6 and 102.6~1.6 mmHg, respectively. Control 

levels of systolic and diastolic pressure for 152.age-matched SHrats 

averaged 203. 4.:!:.1. 9 and 140. 2~2 mmHg, respectively. Respective values 

from SHR and NTR were significantly different (P < 0.01). Control, 

preinjection· levels of heart rate in the NT rats averaged 352.0~5.7· 
' ' ' ' . ' 

beats/min and for the SH rats averaged 357.7+6.4 beats/min. There was 

no significant difference (P > 0.05) between the ·~wo means. Two 

strains of .age-matched normotensive control groups were employed in 

this study. Initial experiments we.re performed using aged-matched .WKY 

animals. However; preliminary experiments indicated that there were no 

sign1ficant differences in either baseline BP and HR levels, or in the 

profile and magnitude of the pressor response to i.v~ or i.c.v. 

physostigmine between WKY and normotensive.Wistar rats. In addition, 

central cholinergic neuronal activity was previously demonstrated to be 

similar between both· strains of rats in synaptosomal me~branes derived 

from the hypothalamus and medulla-pons (Trimarchi & Buccafusco, 1987). 

· Therefore, for economical reasons Wis tar controls were emp]_oyed in • 

approkimately half of the experiments. 

17 



The Dose-Pressor Response to Intravenous Administration of 

Physostigmine: 

18 

Physostigmine administered in the dose-range 12.5-200 ug/kg, i.v.· 

evoked a pressor response of greater magnitude in the SHR as compared 

to NT rats, with differences ranging between 5 and 30 mmHg. These 

results are illustrated in Figure 1. Each value represents the mean of 

8-12 animals. The effect of physostigmine appeared to be greater with 

respect to systolic than.diastolic pressure. 

The effect ~f physostigmine on HR is illu~trated in Table I. 

Although the'effect of physostigmine on HR is variable, bradycardia is 

a common effect in both strains of rats. The effect on HR is.· 

significantly different from that following arecoline and ·oxotremorine · 

p < 0.01. 

The Dose-Pressor Response to Intravenous Administration of Arecoline:· 

Arecoline administered in the dose-range 25-400 ug/kg, i.v. evoked 

a pressor response ranging between 5 and 50 mmHg. These results are 

illustrated in Figure 2. Each value represents the mean of 7-8 

animals. There was no significant difference in :the pressor response 

between both strains of rats. 

The .effect of arecoline on HR is summarized in Table II. Iri 

contrast to the bradycardia elicited by physostigmine, tachycardia 

resulted following administration of arecoline, in atropine 

methylbromide pretreated rats. 



. Figure 1. The dose-pressor ·response to intravenous administration of 

physostigmine·. 

Dose-pressor response relationship for physostigmine in 

normotensive (filled·circles)·and hyPertensive (open 

circ?;es) rats. The maximal change with respect tQ p_re-drug, 

resting blood pressure is plotted as a function of dose~ 

Each value represents the mean of· 8-12 animals. Vertical 

lines indicate the S.E.M. Preinjectidn .levels of blood 

pre9sure in the norm_otensiv_e rats averaged 154.4:!:_2. 7 mmHg 
. . . . . 

(N=58) ~nd 106.8:!:_3.7 mmHg (N~58) for systolic and diastolic 

pressures, respectively. Preinjection levels of blood 

·pressure in hypertensive rais averaged 194.5:!:_3.0 mmHg (N=42) 

and 132.3+2.9 mmHg (N=42) for systolic·and diastolic 

pressures respectively. 
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Table I. The _Effect of Intravenous Administration of_ Physostigmine on 

· Heart· Rate. 

Change in Heart Rate (beats/min) 

Dose 
(ug/kg) 12.5 25 50 100 200 

NTRa -12. 3.:!:.3 .1 -41.8.:!:_9.7 .-16.7.:!:_5.4 -21.1.:!:_5.5 -41.4+12.2 

(11)c (11) (12) (i2) (7) 

SHRb -22.5.:!:_6.7 -21.4.:!:.6.3 -27.5.:!:_3.1 -23.3.:!:_8.5 -33.3.:!:_12.0-

(8) (7) (8) (9) (3) 

a Preinjection levels of heart rate averaged 365.0.:!:_8.1 beats/min (N=53) 

b Preinjection levels of heart rate averaged 343.9.:!:_6.6 beats/min (N=36) 

c Values in parenthesi~ represent number of rats used for each dose. 

Abbreviations: 

·NTR = Normotensive Rat 

SHR = Spontaneously Hypertensive Rat 



Figure 2. The dose-pressor response to intravenous administration of 

arecoline. 

Dose-pressor response relationship for arecoline in 

normotensive (filled circles) and hypertensive (open 

circles) rats. The maximal change hlith respect to pre-drug, 

resting blood pressure is plotted as a function of dose. 

Each value represents the mean of 7-8 animals. Preinjectiqn 

levels of blood pressure in the normotensive rats averaged 

156.9:!:3.9 mmRg (N=39) and 103.6:!:2.9 ·mmRg (N=39) for systolic 

and diastolic pressures, respectiv~ly. Preinjection levels 

of blood.pr~ssure in hypertensive rats averaged 202.1:!:4.3 

mmRg (N=35) and 140.6+6.4 mmRg (N=35) for systolic and 

diastolic pressures respectively. 
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Table II. The Effect of Intravenous Administration of Arecoline and 

.Dose 
(ug/kg) 

Oxotremorine on Heart Rate. 

Change in Heart Rate (beats/min) 

Arecoline 

25 50 100 200 

35.0~10.6 ' 31.4~12.2 37.9~14.9 41.7~12.8 

(7)c (7) (7) (6) 

400 

47.1~8.7 

(7) 
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16.4+8.4 26.4+6.2 7.1~3.4 47.1~11.5 82.1+8.6* 

(7) (7) (7) (7) (7) 

Oxotremorine · 

Dose 
{ugLkg} 5 10 25 50 100 

NTRd 10.8~6.9 11.8~5.6 5.7~3.7 21.4~6.3 12.0~3.9 

(5) (5} (7} (7) (11} 

SHRe 8.8~4.7 7.0~5.6 21.3~5.5 21.3~9.3 42.4+6.6 

{5} {5} {8} {8} {14} 

a Preinjection levels of heart rate averaged 388o5~9.5 beats/min (N=34) 

b p .. t' relnJec 1on levels of.heart rate averaged 376.3~5.3 beats/min (N=35) 

c Values in parenthesis represent number of rats used for each dose. 

d p . . t' 1 1 f h t t d 406 3 7 9 b t I . (N 35) relnJeC 1on eve s o ear ra e average . ~ . ea s m1n = 
e , 

Preinjection levels of heart rate averaged 410.2~5.8 beats/min (N=40) · 

* Significant interactive component between strains for a two-way 

ANOVA P < 0.05. 

Abbreviations: 

NTR = Normotensive Rat 

SHR = Spontaneously Hypertensive Rat 
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The Dose-Pressor Response to Intravenous Administration of 

Oxotremorine: 

Oxotremorine administered in the dose range 5~100 ug/kg, i.v • 

. evoked a pressor response ranging Between 5 and 50 mmHg. These results 

are illustrated in Figure 3. Each value represents a mean of 8-15 

animals. The pressor response to oxotremorine is significantly· 

_different between hypertensive and normotensive strains (P < 0.01}, but 

only for systolic pressure changes. 

Oxotremorine administered in the above mentioned dose-r~ge 

following atropine methylbromide produced tachycardia (Table II), which 

was not different between both strains of rats. 

. . . 

Time course of the pressor responses to approximately equipressor doses. 

of physostigmine, arecoline and oxotremorine: 

The time course of the pressor. responses to approximately 

equipressor doses of physostigmine, arecoline and oxotremorine (100, . 

200 and 100 ug/kg, respectively) in NT and SHR rats is illustrated in 

Figure 4. The entire curves derived from SHR rats were significantly 

different f+om those derived from NT rats {by ANOVA for repeated 

measures) for only physostigmine and oxotremorine P. < 0.05 and P < 

0.01, respectively. 

Effect of Depletion of Brain ACh on the Pressor Response to Intravenous 

Injection of Centrally-Actins Cholinergic Agohists: 

To determine whether the pressor responses to the three 

cholinergic agonists depended on endogenous ACh, the effect of 

pretreatment with the ACh depleting agent, HC-3, administered i.c.v. on 

the evoked pressor responses was examined with r~spect to saline 



Figure J. The dose-pressor response to intravenous administration of 

.oxotremorine. 

Dose-pressor response relationship.for oxotremorine in 

normotensive (filled circles) and hyper~ensive (open 

circles) rats. The maximal change lr1ith.respect to pre-drug, 

resting blood pressure is plotted as ~ function of dose. 

Each value represents the mean of 8-15 animals. 

Preinjection levels of blood pressure in the normotensive 

rats averaged 150.2:!:_3.3 mmHg (N=38) and 95.4:!:_1.8 mmHg (N=38) 

for systolic and diastolic pressures, respectively. 

Preinjection levels of blood pressure in hypertensive rats 

averag'ed 208. 5:!:_3. 2 mmHg (N=45) and 146. 4:!:_2. 5 mmHg (N=45) for 

systolic and.diastolic pressures respectively. 



Q) ... 
:::J 
(I) 
(I) 
Q) ... 
a.. 
'0 
0 
0 -m 
c" 

- C) 
Q) J: 
a E 
c E 
~~ 
0 

"'i 
E ·;c 
as (::E 

60 

50 

40 

30 

20 

10 

--- ----- ·-· -- - --------------- --------------------- ---------

~- ' .... 

Systolic 

F< 1,a2>= ~:~00.o 1) ) 

., I 

J-l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

Diastolic 

. F ( 1,82)=2. 1 (n.s.) 

t
/ ., 

I 

) 
-~~ 

,~ 
/ 

./ 

0 ' ~ 1
1

0 2
1

5 s'o 1~0 • ~ 1.0 2.5 s'o 100 · 
- . -

· Dose Oxotremorine (J.Jg/kg) 

- -------- - -.---------·- ----~------~-.,..--------1 ------------------·----------·-..-------- - - ---- --------

N 
..j:::" 



Figure 4. Time course of the pressor responses to approximately 

equipressor doses of physostigmine, arecoline and 

oxotremorine. 

Time course of the pressor responses to approximately 

equipressor doses of physostigmine, arecoline and 

oxotremorine (100, 200 and 100 ug/kg, respectively) in 

normotensive (closed circles) and hypertensive (open 

circles) rats. Each value represents the mean of 8-15 

experiments. The S.E.M. is illustrated for only one 

representative point per curve of clarity. 
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pretreated controls. These results are illustrated in Table III. 
I 

Depletion of brain ACh inhibited the pressor response to physostigmine 

by 65-66% and oxotremorine by 34-50%. In contrast, the pressor 

response to arecoline was exaggerated following HC-3 pretreatment. 

Effect of Hemicholinium-3 Pretreatment on the Pressor Response Evoked 

by 10 ug of Arecoline Administered Intracerebroventricularly: 

I.c.v. administration of the ACh depleting agent HC-3 {20 ug ~n 10 

ul) did not significantly decrease the pressor _response to 10 ug of 

arecoline, i.c.v. These results are illustrated in Figure 5. Each 

value represen.ts the mean of 4 experiments. 

The Dose-Pressor Response to Intracerebroventricular Injection of 

Arecoline: 

Arecoline, administered i.c.v., produced·an increase in blood 

pressure. These results are illustrated in.Figure 6. Each value 

represents the mean of 4-6 experiments. However, there was no 

significant-difference in the magnitude of the responses between both 

strains of rats. 

Arecoline, administered i.c.v., produced~ increase in HR that 

was significantly different. between both strains of rats for the 5 tig 

dose only (See Table IV). 

The Dose-Pressor Response to Intracerebroventricular Injection of 

Oxotremorine: 

Oxotremorine, administered i.c.v., produced an increase in blood 

pressure. These results are illustrated in Figure 7. There was no 

significant difference in the magnitude of the responses between both 

strains of rats. 
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Table III. Effect of Hemicholinium-3 on the Pressor Response· to 

Intravenous In,iection of Centrally-Act.ive Cholinergic 

Agonists. 

Maximal Increase in Mean Arterial Pressure (mmHg) 

Agonist 
Dose (ug/kg) Saline Pretreated HC-3 Pretreated % Inhibition 

Physostigmine 

100 34~3 12+6* 65 

200 44~3 (8) 15.:!:.4* (5) 66 

· Arecoline 

200 24+4 37.:!:.9 0 

400 33~3 (8) 55.:!:.6* . (5) 0 

Oxotremorine 

25 18+2 9.:!:.2* 50 

100 35.:!:.4 (10) 23.:!:.4* (8) 34 

20 ug of hemicholinium-3 (HC-3) or saline (10 ul} was administered 

through previously implanted i.c.v. guide cannule 60 min prior·to i.v. 

injection of cholinergic agonists. HC-3 exerted no significant effect 

on resting blood pressure. 

Each value represents the mean maximal change with respect to 

pre-agonist resting mean pressure .:!:. S.E.M. 

Values in parenthesis indicate the number of experiments .. 

*Significantly different with respect to saline pretreated controls, 

p < 0.05. 



Figure 5.- The efiect of hemicholinium~J pretreatment on the pressor 

response to 10 ug of arecoline, i.c.v. in· normotensive rats. 

Each value represents the mean of 4 experiments. 

Abbreviations: 

HC-J - Hemicholinium-J 
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Figure 6. The dose-pressor response to in~rdcerebroventricular 

injection of arecoline. 

The pressor response to .i.c.v. injection of arecoline in 

normotensive (open bars) and hypertensive (hatched ~ars) 

. rats. Each value is the ~ean of 4-6 experi~ents. 

Preinjection levels of blood pressure in the normotensiv:e 

·rats average(}. 147.0:!:_6.5 mmHg (N=10) and 96.1:!:_5.6 mmHg (N=10) 

for systolic and diastolic pressures, .respectively. 

Preinjection levels of blood pressure in hypertensive rats 

averaged .207.3:!:_7.0 mmHg (N=9) and 140.4:!:_8.1 mmHg (N=9) for 

systolic and diastolic pressures respectively. 
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Table IV. The Effect of Intracerebroventricular Administration of 

Cholinergic'Agonists on Heart Rate . 

. Change in Heart Rat~: (beats/min) 

Physostigmine Arecoline ., . Oxotremorine 
Dose 
(ug) 10 35 5 10_' :.0.5 15 

NTRb 0.0.:_0.0 71.2.:_15.1 49.8.:_16-·.0* 44.0.:!:_20.4 39.3.:_15.1 45.3.:_18.6 

(8) a. (7) (4) (5) (6) (6) 

. SHRc 0.0+0.0 71.6.:_21.8 0.0+0.0 32 .. 0.:_16. 2 31.5.:_16.5 59.4.:_28.6 

(5) (7) (3) (5) (2} (5) 

a . . . . . . . . . . . . 
Values.in parenthesis r~present number of rats used for each dose .. 

b Preinjection levels of heart rate averaged 322.8~6.5 (beat~/min)· 

(N=36) • 

. c Preinjection levels of heart rate averaged 376.1.:_11.1 (beats/min) 

(N=27). 
, . , 

* Significant difference between strains for Student's t-test P < 0.05. 

The values for the 35 ug doses were significantly greater than 

respective· 10 ug doses for physostigmine and arecoline (SHR). 

Each dose was injected in 10 ul of saline. 

Abbreviations: 

NTR = Normotensive Rat 

SHR = Spontaneously Hypertensive Rat 



Figure 7. The dose-pressor ~esponse to intracerebroventricular 

injection of oxotremorine. 

The pressor response to i.c.v. injection of oxotremorine in 

normotensive (open bars) and hypertensive (hatched bars). 

rats. Each value is the mean of 4-6 experiments. 

Preinjection levels of blood pressure in the normotensive 

rats averaged 153.9+6.7 mmHg (N=13) and 98.8+5.1 mmHg (N=13) - -

for systolic and diastolic pressures, respectively. 

Preinjection levels of blood pressure in hypertensive rats 

averaged 208.8~12.1 mmHg (N=9) and 140.1~11.1 mmHg (N=9) for 

·systolic and diastolic pre~sures respectively. 
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Oxotremorine injected, i.c.v., produced an increase in HR that was' 

not different between both strains of rats (see Table IV). Each value 

is the mean of 4-6 experiments. 

The Dose-Pressor Response to Intracerebroventricular Injection of 

Physostigmine: 

Physostigmine, administered i.c.v., produced an increase in blood 

pressure. These results are illustrated in Figure 8. There was no 

significant difference in the magnitude of the responses between both 

strains of rats. 

In contrast to the decrease in HR following physostigmine, 

administered i.v., there was an increase in HR produced by i.c.v. 

administration of the cholinesterase inhibitor that was not different 

between both strains of rats. Each value is the mean of 5-7 

experiments. 



Figure 8. The dose-pressor response to intracerebroventricular 

injection of physostigmine. 

The pressor response to i.c.v. injection of physostigmine in 

normotensive (open bars) and hyperterisive_(hatched bars)· 

rats. Each value is the mean of 5-7 experiments. 

Preinjection levels of blood pressure in normotensive rats 
. ' ' 

averaged 158.7~4.1 mmRg (N=15) and 129.0:!:_19.3 mmllg (N=15) 

for systolic and diastolic pressures respectively. · 

Preinjection levels of blood pressure in hypertensive rats 

averaged 212.3:!:_8.1 mmRg (N=12} and 143.7:!:_7.1 mmllg (N=12).for 

systolic and diastolic pressures respectively. 
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Discussion 

All cholinergic agonists employed in the present study evoke a 

pressor response in SHR and NT rats by a central stimulatory action on 

a cholinergic pressor system. The mechanism of action by which those 

agonists elicit the pressor response differs only in their site of 

action on the cholinergic neuron. While i.v. administration of the 

acetylcholinesterase inhibitor physostigmine produces a pressor 

response by increasing the availability of endogenously released ACh 

(Brezenoff & Rusin, 1974), the other two cholinergic agonists, 

arecoline and oxotremorine, evoke cholinergic responses by direct 

actions on th~ muscarinic receptor (for review see Bebbington & 

Brimbiecombe, 1965; Holmstedt & Lundgren, 1967). Both classes of 

cholinergic agonists were employed to determine whether the ability of 

·physostigmine to produce exaggerated pressor responses in hypertensive 

rats was due to alterations in pre- or postsynaptic components of the 

central cholinergic system. It was anticipated that both classes of 

agonists would act by classical mechanisms on central cholinergic 

synapses which participate in cardiovascular regulation~ since all 

peripheral actions were blocked by pretreatment with atropine 

' ' 

methylbromide. Howeve~, interpretation of results derived from the 

i.v. administration of-these agents could be complicated should the 

cholinergic pathways activated differ in the number of cholinergic 

synapses involved. The fact that physostigmine, administered i.v., 

evokes a pressor response that is significantly greater in hypertensive 

34 
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rats, while arecoline administered i.v. does not produce this 

difference, suggests that, if both drugs act on the same ~entral 

cholinergic neuron, the difference in the evoked pressor responses 

between both strains of rats is mainly due to presynaptic, not 

postsynaptic alterations in the synapses in~olv.ed in producing the 

response. In order to confirm the expectation that all agonists were 

acting upon central cholinergic pathways involved in cardiovascul~~ 

regulation by classical effects upon the cholinergic synapse, 

hemicholinium-3 {HC-3) was employed as a tool to eliminate central 

presynaptic mechanisms in the action of each agonist. HC-3 is a 

competitiye inhibitor of the sodium-depend~nt high affinity uptake of 

choline. (Yamamura & Sn~der, 1973), which is the rate-limiting step in 

the synthesis-of ACh (Simonet al., 1976; Kuhar &'Murrin, 1978). As a 

result, it decreases the level of ACh in structures innervated by 

cholinergic neurons~ Since the pressor response to" arecoline .was not· 

·reduced by HC-3 pretreatment, the possibility that more than one 

cholinerg_ic neuron is involved iri the evoked response is excluded. It 

thus appears that the enhanced cholinergic activity in SHR following 

i.v. injection of physostigmine is related predominantly to presynaptic 

rather than postsynaptic changes. However, this could.not explain ·the 

difference in the pressor response elicited following·i~v. injection of 

oxotremorine in both strains of rats {Fig. 3). Such a difference couLd 

only be explained, if oxotremorine shared, at least in part, a common 

mechanism of action with i.v. physostigmine, which resulted in the 

enhanced pressor response in the SHR, i.e., both agonists act through ·a_ 

mechanism which depends to varying degrees upon endogenous ACh. Since 

HC-3 inhibited the pressor response to oxotremorine by 34-50%, it 
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appears that ·the latter drug evokes a pressor response through the 

release of ACh, possibly via a multisynpatic cholinergic pathway, as 
·I 

well as directly stimulating muscarinic receptors. Since both 

arecoline and,oxotremo_rine are muscarinic agonists, a similar pressor 

effect would have been expected in both strains of rats. The lack of 

effect of arecoline in producing an enhanced pressor response in SHR 

could be explained by the difference in the dependence of both drugs on 

endogenous ACh. Oxotremorine administered i.v. could be distributed to 

a central multisynaptic cholinergic pressor ·system, a possibility which 

could account for its .ability to exert a significant, but partial 

degree of enhancement in the pressor response in SHR. That a different 

cholinergic pathway was activated by i.v. injection of oxotremorine was 

suggested by the fact that only systolic {but not diastolic) increases 

in blood pressure were enhanced in the SHR compared with normotensive 

rats. 

While the pressor responses to i.v. administration of 

physostigmine in SHR and NT rats are consistent with those described 

previously {see Introduction), the pressor responses to oxotremorine 

contradict earlier findings by Kubo and Tatsumi {1979) where there was 

no significant difference in the pressor response in both strains of 

rats. This discrepancy in findings may be related to the ·fact that 

data from their study was analyzed in terms of mean· arterial pressure,_ 

since in the present study, although both systolic and mean pressure 

increases were greater in the SHR, the systolic pressure increases were 

significantly greater than the diastolic pressure increases. 

The fall in HR in NT rats following i.v. physostigmine has been 

reported previously and may be due to an increase in vagal tone to :the 



heart (Buccafusco & Bre_zenoff, 1979). However, pretreatment with ' 

atropine methylbromide, in the rats treated with arecoline ahd 

oxotremorine, could have _masked a decline in HR which might have 

followed the two muscarinic agonists, when administered i.v. 

Nevertheless, the changes in HR accompanying the pressor responses to 

agonists in both strains of rats were variable, lacking of a 

significant dose-response relationship and were not significantly 

different in hypertensive and normotensive rats. It's unlikely, 

therefore, that HR changes could explain the differences observed in 

sensitivity between SHR and NT rats to cholinergic agonists. 
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Since the pressor response to i.c.v. arecoline following 

pretreatment.with HC-3 did not result in reduction in the magnitude of 

rise in BP, it appears that only one cholinergic system mediates the 

pressor response to arecoline independent of ACh release. Although the 

cardiovascular responses evoked by arecoline administered i.v. and· 

·i.c.v. were similar in SHR and NT rats, those elicited by oxotremorine 

and physostigmine were greater in the SHR following only the i.v. 

injection. The lack of an enhanced pressor response_in the SHR strain 

following i.c.v. physostigmine and i.c.v. oxotremorine suggests that 

different pathways mediate the pressor response following i.v. and 

i.c.v. administration of the drugs. A summary of the 4 potential· 

configurations of central cholinergic neurons involved in 

cardiovascular regulation in the development of hypertension is 

illustrated in Figure 9. Configuration A is not consistent with·the 

data since i.c.v. injection of physostigmine did not lead to an 

exaggerated blood pressure response in SH rats. Configuration B is 

also not consistent with the data since the response to i.c.v~ 
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injection of arecoline was not inhibited after, depletion of brain ACh. ·. 

The same reason applies for configuration C. . .In addi t.ion, the lack of 

an exaggerated pressor response following i.c.v. injection in SHR rats· 

makes confi~ration C unlikely. Configuration D is consistent with t~e 

findings that only i.v. physostigmine resulted in an exagg~rated 

pressor response in the SHR. 

These findings are further supported by the observed changes. in HR 

following i.c."v. administration of these' cholinergic agonists. The 

fact that physostigmine administered i.c.v. resulted in tachycardia, in 

contrast to the bradycardia following systemic administra~ion, also 

supports the hypothesis that different centers are involved in the 

cardiovascular regulation of BP and HR following central and systemic 

administ~ation of cholinergic agonists. These results support previous 

findings which su~gest that different pathways mediate the pressor 

response to i.v .. and i.c.v. administration of physostigmine (Brezenoff, 

'1973). 

In conclusion, it appears that ,there are, at least, two pressor 

areas mediating an increase in BP, however, .activation of only one, 

most likely located in the lower brainstem, results in an enhanced· 

hypertensive response in the SHR. 



Figure 9. Schematic representation of 4 potential configu~ations of 

central cholinergic neurons involved in cardiovascular 

regulation and in the development of hyPertension. 

Rostral and caudal refer to cholinergic receptive fields 

mediating responses to i.c.v. and i.v. injection of 

cholinergic agonists, respectively. Filled circles refer to 

cell bodies of neurons ~ith altered neuronal activity 

leading to enhanced release of endogenous acetylcholine and 

sympathetic tone. Open circles refer to cell bodies ~ith 

normal cholinergic neuronal tone ~hich play a role in 

cardiovascular regulation, but not necessarily in 

hypertensive disease. 
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Summary 

1. The pressor responses. to intravenous administration of 

physostigmine and oxotremorine, but not arecoline were enhanced in SHR 

compared with NT rats. 

2. Depletion of brain acetylcholine resulted in inhibition of the 

pressor response to intravenous administration of physostigmine and 

oxotremorine but not the response to arecoline. 

3. If neuronal activity through certain brain cholinergic pathways is 

exaggerated in SHR, it is most likely.related to alterations in the 

presynaptic rather than postsynaptic components. 

4. Since brain acetylcholine depletion did not affect the pressor 

response to intracer~broventricular injection of arecol1ne, the 

neuronal pathway involved does not include any additional cholinergic 

synapses. 

5. Since the pressor· response to intravenous administration of 

physostigmine is known to be mediated within the medulla oblongata, the 

pressor response to intracerebroventricular injection of physostigmine 

is most likely mediated within more·rostral brain centers. This latter 

pathway does not appear to be directly involved in the hypertensive 

process in SHR. 
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6. The present data are consistent with the presence of at least 2 

central cholinergic pathways cap~ble of mediating an increase in blood 

pressure, but activation of only one pathway results in a hypertensive 

response in SHR. 
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