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Further evidence for a central hypotensive action
of oc-methyldopa in both the rat and cat
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Sumnary

1. a-Methyldopa (300 mg/kg i.p.) produced a fall in blood pressure in con-
scious genetic hypertensive rats. Pretreatment with intraventricular 6-hydroxy-
dopamine prevented this hypotensive effect of a-methyldopa, whilst intravenous
6-hydroxydopamine reduced but did not prevent the hypotension.
2. The hypotensive effect of a-methyldopa was prevented or reversed by intra-
ventricular injection of phentolamine (200 ,ug/rat).
3. Pressor responses obtained by stimulation of the entire sympathetic out-
flow in the Gillespie & Muir preparation, were unaffected by pretreatment
with a-methyldopa (300 mg/kg i.p.).
4. Vasoconstrictor responses to periarterial nerve stimulation of the isolated
renal artery preparation of the rat were markedly reduced by pretreatment with
a-methyldopa. Furthermore, a-methylnoradrenaline was found to have one-
eighth the vasoconstrictor potency of noradrenaline in this particular artery
preparation.
5. Pressor responses obtained by stimulation of the posterior hypothalamus
or midbrain reticular formation in the rat anaesthetized with urethane were
markedly reduced by pretreatment with a-methyldopa. FLA-63, a selective
dopamine-,8-hydroxylase inhibitor, prevented the reduction of the pressor
responses to hypothalamic stimulation produced by a-methyldopa.
6. Stimulation of the posterior hypothalamus in the anaesthetized cat caused
both an increase in sympathetic nerve activity and a rise in blood pressure.
These responses were markedly reduced 3-4 h after the injection of a-methyl-
dopa (100 mg/kg i.v.).
7. These results strongly suggest that the central actions of a-methyldopa
are important for its hypotensive effect, although a possible peripheral effect
cannot be excluded.

Introduction

Day & Rand (1963, 1964) proposed that a-methyldopa exerts its hypotensive
effect by the formation of a-methylnoradrenaline which was assumed to be a less
potent transmitter than noradrenaline in the peripheral sympathetic nervous system.
However, the finding that treatment with a-methyldopa produces only a moderate
impairment of peripheral adrenergic transmission is strong evidence against a
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peripheral false transmitter mechanism (Haefely, Hurlimann & Thoenen, 1967;
Henning & Svensson, 1968; Finch, 1971). Furthermore, a-methylnoradrenaline
and noradrenaline have been reported to be equipotent pressor agents in both the
anaesthetized dog and rat (Trinker, 1971).

Since a-methyldopa has a far greater hypotensive effect when administered into
the vertebral artery than when given intravenously, a central site of action has
been proposed (Henning & Van Zwieten, 1968). This theory is strengthened by
the additional finding that decarboxylation of a-methyldopa within the central
nervous system is essential for the hypotensive effect of the drug (Henning, 1969).
The observation that perfusion of the cat brain with a-methyldopa produces a
marked decrease in peripheral vascular resistance also supports a central mode of
action of a-methyldopa (Ingenito, Barrett & Procita, 1970; Heise & Kroneberg,
1972).
The present study provides further evidence that the hypotension caused by

a-methyldopa is predominantly due to a central mechanism of action.

Methods

Genetic hypertensive rats which originated as a hypertensive mutant of a Wistar
strain (Okamoto & Aoki, 1963) were obtained by brother-sister mating. Blood
pressure was measured by an indirect method (Gerold & Tschirky, 1968) and only
animals with a systolic blood pressure of 190 mmHg and over were selected for
experiments (1 mmHg- 1-333 mbar).

Measurement of blood pressure (direct method)

Rats were anaesthetized with halothane and a cannula implanted into the aorta
according to the method of Popovic & Popovic (1960). Blood pressure was
recorded 1-2 days later in conscious unrestrained rats with a Statham P23Dd
pressure transducer connected to a Hellige Hel7 recorder.

Gillespie & Muir preparation

Pithed rat preparations were used for stimulation of the entire sympathetic out-
flow according to the method of Gillespie & Muir (1967). Stimulation at varying
frequencies, 0-1 ms duration, at supramaximal voltage was applied for periods of
15 s and repeated every 10 minutes. Atropine (0-5 mg/kg) and tubocurarine
(1 mg/kg) were given intravenously before commencement of stimulation.

Experiments on anaesthetized rats

Rats were anaesthetized with urethane (1-5 g/kg i.p.); the left carotid artery was
then cannulated and connected to a pressure transducer. The animal's head was
placed in a David Kopf stereotaxic apparatus, and a bipolar electrode (0-5 mm
diameter, 0-5 mm uninsulated tip) was introduced through a small trephine hole.
Coordinates (A=4-6, L=0'5, H= -2-5) for the posterior hypothalamus were those
of the De Groot atlas (1963) and for the mid-brain reticular formation (A= 1950 ,um,
L=1 0, H=0-1 0; K6nig & Klippel, 1963). Centrally evoked pressor responses
were obtained with stimulation of 10 V, 1 ms duration, at 6A4-50 Hz for periods
of 10 s, delivered from a Grass S9 stimulator.
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Isolated renal artery preparation
Rats were anaesthetized with ether and the left renal artery was cannulated

from the aorta with a stainless steel cannula (No. 18 needle) and cut at the level
of the kidney hilus. The isolated artery floated on the surface of a 50 ml organ
bath which was filled with Krebs-Henseleit solution (370 C) and bubbled gently
with 95% 02 and 5% CO2. The preparation was also perfused with oxygenated
Krebs-Henseleit solution delivered from a Vario Perpex peristaltic pump. The
flow rate was adjusted to 6 ml/min, which resulted in a basal perfusion pressure
of 25-40 mmHg. After an equilibration period of 45 min, periarterial nerve
stimulation was carried out with a specially designed fluid electrode placed around
the artery. Supramaximal stimulation at varying frequencies, 1 ms duration for
20 s, was obtained with a Grass S4 stimulator. For dose-response curves, injections
(0 1 ml) of noradrenaline were given into the perfusion system 2 cm from the renal
artery. Increases in perfusion pressure were recorded with a Statham P23Dd pres-
sure transducer.

Experiments on anaesthetized cats
Cats (2-3 kg) were anaesthetized with chloralose, 50 mg/kg i.p., and urethane,

250 mg/kg i.p.; the femoral artery and vein were then cannulated and a pressure
transducer was connected to the arterial cannula. The animal's head was fixed in a
David Kopf stereotaxic apparatus and a bipolar electrode introduced into the
posterior hypothalamus using the following coordinates: A= 8-5, L= 1.0, H= -2-4
(Snider & Niemer, 1961). The right splanchnic and renal nerves were exposed
through a dorsal incision and multifibre preparations of each nerve placed on
bipolar platinum wire electrodes. The sympathetic discharges were then amplified
and the resultant activities integrated every 30 seconds. In order to ensure that
recordings of discharges were free from movement artifacts, the cats were im-
bolized with gallamine (5 mg/kg i.v.) and respired with a Palmer pump.

Drugs
Atropine sulphate (Siegfried, Switzerland), FLA-63 (Bis[4-methyl-1-homo-

piperazinyl-thiocarbonyl]), donated by A. B. Astra, Sweden, gallamine (Flaxedil,
Rhone-Poulenc, France), 6-hydroxydopamine hydrobromide (synthesized by Dr. A.
Langemann, F. Hoffman-La Roche & Co. Ltd.), a-methyldopa (synthesized by Dr.
A. Langemann), a-methylnoradrenaline (Corbasil, Hoechst, Germany), (-)-nor-
adrenaline (Fluka AB., Switzerland), phentolamine (Regitine, Ciba-Geigy, Switzer-
land). All drug weights refer to salt except those of noradrenaline and
a-methylnoradrenaline. 6-Hydroxydopamine was given intravenously (2 x 50
mg/kg on day 1 and 2 x 100 mg/kg on day 7) and was dissolved immediately before
use in 0 001 N hydrochloric acid which had been bubbled with nitrogen. Animals
were then used for experiments on days 8 or 9. Administration of intraventricular
6-hydroxydopamine (dissolved in 1% ascorbic acid) was carried out in conscious
rats by the technique of Hayden, Johnson & Maickel (1966). Three doses of
6-hydroxydopamine (250 ,ug/rat) were given at 2-day intervals and the experiments
were carried out 7 days later.

Results
Hypotensive effect of a-methyldopa in conscious rats

Conscious genetic hypertensive rats, in groups of 15 were used. The mean blood
pressure was recorded directly from a catheter introduced into the aortic arch. One
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hour after the injection of a-methyldopa (300 mg/kg i.p.) in these rats, a fall in
blood pressure (40 mmHg) was observed and the maximal fall of 70 mmHg was
obtained after four hours (Fig. 1). Administration of 6-hydroxydopamine (2 x 50
mg/kg and 2 x 100 mg/kg i.v.) in doses which are known to produce a peripheral
sympathectomy (Thoenen & Tranzer, 1968), reduced but did not prevent the hypo-
tensive effect of a-methyldopa (Fig. 1). However, in animals treated with intra-
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FIG. 1. Effect of a-methyldopa (300 mg/kg i.p.) on the mean arterial blood pressure of
conscious genetic hypertensive rats. Controls (a-methyldopa alone) (Q-O); rats pre-
treated with 6-hydroxydopamine, 2x 50 mg/kg and 2xO00 mg/kg intravenously (@-4);
rats pretreated with intraventricular 6-hydroxydopamine, 3 x 250 ,ug (A A). Vertical bars
show S.E.M. (n =15 for all groups).
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FIG. 2. Effect of a-methyldopa (300 mg/kg intrapeitoneally) on the mean arterial blood
pressure of conscious genetic hypertensive rats. Control (a-methyldopa alone) (O-O);
rats given intraventricular phentolamine, 200 ,ug, 30 minutes before injection of a-methyldopa
(@-4); rats given intraventricular phentolamine (200 ,ug), 2-5 h after the injection
of a-methyldopa (A-A). Vertical bars show S.E.M. (n= 15 for all groups).



Mechanism of action of ax-methyldopa

ventricular 6-hydroxydopamine (3 x 250 ,ug), the hypotensive effect of a-methyldopa
was almost completely prevented.

In order to study the central actions of a-methyldopa, cannulae were implanted
into the lateral brain ventricle (Hayden et al., 1966). An intraventricular injection
of phentolamine (200 ug/rat), 30 min before the injection of a-methyldopa (300
mg/kg i.p.), completely prevented the hypotensive effect of the drug (Fig. 2).
Furthermore, the same dose of phentolamine, given 25 h after the injection of
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FIG. 3. Effect of a-methyldopa on the pressor response obtained in Gillespie & Muir
preparations. Sympathetic outflow stimulated at supramaximal voltage, 0-1 ms duration at
varying frequencies for periods of 15 seconds. Controls (Q-O); rats pretreated with a-
methyldopa (300 mg/kg intraperitoneally) 25 h before stimulation was started (@- ).
Vertical bars show S.E.M. (n=10 for all groups).
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FIG. 4. Isolated perfused renal artery preparations from genetic hypertensive rats. (A) Effect
of a-methyldopa on the vasoconstrictor responses obtained by periarterial nerve stimulation.
Controls (upper line, Q-O); rats pretreated with a-methyldopa (300 mg/kg intraperi-
toneally) three hours before stimulation was started (@- ). (B) Effect of vaso-
constrictor agents. Noradrenaline (upper line, O-O); a-methylnoradrenaline (- ).
Vertical bars show S.E.M. (n=10 for all groups).

221



L. Finch and G. Haeusler

a-methyldopa to a different group of rats, reversed the hypotensive effect of
a-methyldopa (Fig. 2). Intraventricular injections of phentolamine alone (50-200
,ptg/rat), after an initial short-lasting pressor effect, did not alter the resting blood
pressure of conscious genetic hypertensive rats.

Effect of a-methyldopa on sympathetic nerve function

The action of a-methyldopa on peripheral sympathetic nerve function was investi-
gated in the Gillespie & Muir preparation (1967). In untreated preparations, graded
pressor responses were obtained with alterations in the frequency of stimulation
(Fig. 3). Treatment with a-methyldopa (300 mg/kg i.p., 2-5 h beforehand) did not
alter the magnitude of the pressor responses produced by sympathetic nerve
stimulation.
The isolated renal artery was perfused with Krebs solution and the vasoconstrictor

responses to periarterial nerve stimulation were recorded as increases in perfusion
pressure (Fig. 4A). The preparations obtained from rats pretreated with a-methyl-
dopa (300 mg/kg i.p., 2 h beforehand) showed a significant reduction in size of the
vasoconstrictor responses to sympathetic nerve stimulation when compared with
untreated control preparations.
The relative potency of noradrenaline and a-methylnoradrenaline as vasocon-

strictor agents was compared in the isolated perfused renal artery preparations
obtained from genetic hypertensive rats. The dose-response curves show that
a-methylnoradrenaline has approximately one-eighth the vasoconstrictor potency of
noradrenaline (Fig. 4B). Very similar results were obtained with preparations from
rats pretreated with a-methyldopa (300 mg/kg i.p., 2 h before the start of the
perfusion).

Effect of a-methyldopa on centrally induced pressor responses

Electrical stimulation of the mid-brain reticular formation induced an imme-
diate rise in blood pressure. Graded responses were obtained by increasing the
frequency of stimulation and maximal responses were observed at 50 Hz. Treatment
of rats with a-methyldopa (300 mg/kg i.p.) markedly reduced the pressor responses
to stimulation one hour after the administration of the drug (Fig. 5). This reduction
in the pressor responses was maintained for the 4-hour duration of the experiments.
In control experiments the responses showed only minimal variation over a similar
time-period of the experiments.

Electrical stimulation of the posterior hypothalamus also induced a rise in blood
pressure (Fig. 6) which was reduced by pretreatment with a-methyldopa (300
mg/kg i.p.). This reduction by a-methyldopa of the centrally evoked pressor
responses could be prevented by pretreating the rats with a selective dopamine-,8-
hydroxylase inhibitor (FLA-63, 25 mg/kg i.p. ; Anden & Fuxe, 1971), 30 min before
the administration of a-methyldopa.

Further studies were carried out in anaesthetized cats. The centrally evoked
pressor responses produced by stimulation of the posterior hypothalamus were
frequency-dependent (Fig. 7). These responses were due to increases in sympathetic
nerve activity, which were recorded from both the splanchnic and renal nerves.
Three to four hours after the injection of a-methyldopa (100 mg/kg i.v.) the pressor
responses to stimulation were markedly reduced (90%) and the concurrent increases
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FIG. 5. Systemic blood pressure responses to stimulation of the mid-brain reticular forma-
tion in genetic hypertensive rats anaesthetized with urethane. Stimulations were carried out
for periods of 10 s at intensities of 10 V, 1 ms duration at frequencies of 6-4-50 Hz.
Controls (0-O); rats pretreated with a-methyldopa (300 mg/kg intraperitoneally) one
hour before stimulation was started (@- ). Vertical bars represent S.E.M. (n=10 for
each group).
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FIG. 6. Systemic blood pressure responses to stimulation of the posterior hypothalamus in
urethane-anaesthetized genetic hypertensive rats. Stimulation was carried out for pernods of
10 s at intensities of 10 V, 1 ms duration and at frequencies of 6-4-50 Hz. Controls
rats pretreated with a-methyldopa (300 mg/kg intraperitoneally) one hour before stimulation
was started ( @ ); rats pretreated with FLA-63 (25 mg/kg intraperitoneally) and a-
methyldopa (300 mg/kg intraperitoneally) 15 and one hour respectively before start
of stimulation (A A). Vertical bars represent S.E.M. (n= 10 for each group).
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FIG. 7. Effects of a-methyldopa (100 mg/kg intravenously) on the cardiovascular responses
elicited by stimulation of the posterior hypothalamus in a urethane-anaesthetized cat (2-4 kg).
Stimulations were carried out for periods of 10 s at an intensity of 30 V, 01 ms duration
at 40, 60 and 80 Hz. Effects on integrated sympathetic discharges from both the right
splanchnic and renal nerves were recorded simultaneously.

in sympathetic nerve activity were also similarly depressed (Fig. 7). In control
experiments no reduction in the pressor responses or sympathetic nerve activity
were observed during the 4-hour period. However, only a slight decrease in the
spontaneous sympathetic nerve activity was seen after the injection of a-methyldopa,
and this could not account for the clear-cut hypotensive effect (Fig. 7).

Discussion

The results of the present study demonstrate the ability of a-methyldopa to lower
arterial blood pressure in conscious, genetic hypertensive rats. This confirms
previous findings in which other types of experimental hypertensive rats were used
(Davis, Drain, Horlington, Lazare & Urbanska, 1963 ; Henning, 1969; Ayitey-Smith
& Varma, 1970; Finch, 1971). Pretreatment of rats with 6-hydroxydopamine, in
doses known to produce a peripheral sympathectomy (Thoenen & Tranzer, 1968;
Finch & Leach, 1970), did not prevent the hypotensive effect of a-methyldopa,
which is evidence against a false transmitter mechanism for a-methyldopa (Day &
Rand, 1963, 1964). However, it is unlikely that an incomplete sympathectomy of
blood vessels by 6-hydroxydopamine (Berkowitz, Spector & Tarver, 1972) could
explain this persisting hypotensive effect of a-methyldopa, because a complete
impairment of adrenergic nerve function and sympathectomy does take place with
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the dose schedule of 6-hydroxydopamine used in these experiments (Finch, Haeusler,
Kuhn & Thoenen, 1972). Therefore, either a direct action of a-methyldopa must be
assumed (Ayitey-Smith & Varma, 1970) or that a-methyldopa acts centrally and
reduces the impulse flow to the adrenal medulla which is not affected by 6-hydroxy-
dopamine (Thoenen & Tranzer, 1968). Since the destruction of central adrenergic
neurones with intraventricular 6-hydroxydopamine (Uretsky & Iversen, 1970)
almost completely prevented the hypotensive effect of a-methyldopa, the latter
hypothesis seems to be the more probable one.

The central actions of a-methyldopa were studied in more detail by the use of
intraventricular injections of phentolamine. Since the hypotensive effect of a-
methyldopa was both prevented and antagonized by these injections, it strongly
suggests that central a-adrenoceptors are involved in the mechanism of action of
a-methyldopa. It is unlikely that a peripheral a-blockade is involved since the
pressor responses to intravenous noradrenaline in anaesthetized rats were unaffected
by similar intraventricular injections of phentolamine (Finch, unpublished obser-
vations). If a-methyldopa does act by stimulation of central a-receptors, then
this mechanism is only part of an integrated process since the regulatory control of
blood pressure by central adrenergic mechanisms is known to be complex (Share &
Melville, 1963; Gagnon & Melville, 1969; Brezenoff & Jenden, 1969; Philippu,
Przuntek, Heyd & Burger, 1971). However, other drugs like a-methyldopa, such
as L-DOPA (Henning & Rubenson, 1970; Osborne, Wenger & Willems, 1971) and
clonidine (Kobinger, 1967; Schmitt & Schmitt, 1969), are also thought to lower
blood pressure at least partially by a central mechanism which, in all probability,
is noradrenergic in nature.

Pretreatment of rats with a-methyldopa, in doses which are known to be hypo-
tensive, did not affect the magnitude of the pressor responses obtained by stimula-
tion of the entire sympathetic outflow according to the method of Gillespie & Muir
(1967). This observation is in agreement with the persistence of the a-methyldopa-
induced hypotension after peripheral chemical sympathectomy. Moreover, both
these observations question the importance of the formation of a-methylnoradrena-
line in peripheral adrenergic nerves (Muscholl & Maitre, 1963; Schumann &
Grobecker, 1964) for the hypotensive effect of a-methyldopa. The findings obtained
in the isolated perfused renal artery preparation, in which the vasoconstrictor
responses to periarterial nerve stimulation were markedly reduced by pretreatment
with a-methyldopa, would however lead to the opposite conclusion. Furthermore,
with the same type of preparation, a-methylnoradrenaline was found to have one-
eighth the vasoconstrictor potency of noradrenaline. Several workers have demon-
strated a short-lasting impairment of peripheral adrenergic nerve function after
treatment with a-methyldopa which supports the present findings with the renal
artery preparation (Day & Rand, 1964; Haefely et ad., 1967; Malik & Muscholl,
1969; Salmon & Ireson, 1970). The apparent contradictory results obtained with
the Gillespie & Muir preparation may be due to the fact that the cardiovascular
effects rely partially on the heart and that a-methylnoradrenaline and noradrenaline
may be equipotent in stimulating this organ. Support for this theory comes from
the observation that a-methylnoradrenaline and noradrenaline are equipotent pressor
agents in the anaesthetized dog, rabbit and pithed rat preparation (Trinker, 1971).

Electrical stimulation of various areas of the brain, such as the posterior hypo-
thalamus and mid-brain reticular formation, elicits a rise in blood pressure via an
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increased sympathetic nerve activity (Morpurgo & Morillo, 1962; Folkow &
Rubinstein, 1966; Morpurgo, 1968; Baum & Shropshire, 1969). The present
results show that centrally evoked pressor responses in the rat anaesthetized with
urethane are markedly reduced by treatment with a-methyldopa. Also, the onset
and duration of this effect coincides with the hypotension obtained with similar
doses of a-methyldopa in conscious genetic hypertensive rats. Furthermore, pre-
treatment with FLA-63, a selective dopamine-,f-hydroxylase inhibitor, abolished
this effect of a-methyldopa on the pressor responses produced by stimulation of the
posterior hypothalamus. Therefore, the conversion of a-methyldopa to a-methyl-
noradrenaline seems to be important for the inhibition by a-methyldopa of the
centrally evoked pressor responses.

Further evidence for a central mechanism of action of a-methyldopa was obtained
in experiments with cats. Stimulation of the posterior hypothalamus elicited an
increase in the sympathetic nerve activity recorded from both the splanchnic and
renal nerves and a rise in systemic blood pressure. Three to four hours after the
injection of a-methyldopa the pressor responses to stimulation were markedly
reduced. Since the increases in both pre- and post-ganglionic sympathetic nerve
activity produced by hypothalamic stimulation were also strongly depressed, this
inhibitory effect of a-methyldopa must be central in origin. However, it is difficult
to explain why the spontaneous sympathetic nerve activity was not decreased after
the administration of a-methyldopa, even though a hypotensive effect was obtained.
Because of this observation and those with the renal artery preparation, a partial
peripheral false transmitter mechanism for a-methyldopa cannot be completely
ruled out.

In conclusion, the results indicate that the hypotensive effect of a-methyldopa
requires intact central adrenergic neurones, probably for the conversion of
a-methyldopa to a-methylnoradrenaline and also central a-adrenoceptors. Since
no clear-cut correlation was found between impairment of peripheral adrenergic
nerve function and a-methyldopa treatment, the results strongly suggest that the
central actions of a-methyldopa are important for its hypotensive effect. At the
same time, it is not denied that the formation and release of a-methylnoradrenaline
from the peripheral sympathetic nerves may, to a limited extent, contribute to the
hypotensive effect of a-methyldopa.

REFERENCES
ANDEN, N-E. & FUXE, K. (1971). A new dopamine-,B-hydroxylase inhibitor: effects on the noradren-

aline concentration and on the action ofL-DOPA in the spinal cord. Br. J. Pharmac., 43, 747-756.
AYITEY-SMITH, E. & VARMA, D. R. (1970). Mechanism of the hypotensive action of methyldopa in

normal and immunosympathectomized rats. Br. J. Pharmac., 40, 186-193.
BAUM, T. & SHROPSHIRE, A. T. (1969). Stimulation of central cardiovascular centres in hypertension.

Archs int. Pharmacodyn. Ther., 181, 405-413.
BERKOWITZ, B. A., SPECTOR, S. & TARVER, J. H. (1972). Resistance of noradrenaline in blood

vessels to depletion by 6-hydroxydopamine or immunosympathectomy. Br. J. Pharmac., 44,
10-16.

BREZENOFF, H. E. & JENDEN, D. J. (1969). Modification of arterial blood pressure in rats following
microinjection of drugs into the posterior hypothalamus. Int. J. Neuropharmac., 8, 593-60.

DAVIS, R. A., DRAIN, D. J., HORLINGTON, M., LAZARE, R. & URBANSKA, A. (1963). The effect of
L-a-methyldopa and N-2-hydroxybenzyl-N-methyl hydrazine (NSD 1039) on the blood pressure
of renal hypertensive rats. Life Sci., 3, 193-197.

DAY, M. D. & RAND, M. J. (1963). A hypothesis for the mode of action of a-methyldopa in relieving
hypertension. J. Pharm. Pharmac., 15, 221-224.

DAY, M. D. & RAND, M. J. (1964). Some observations on the pharmacology of a-methyldopa.
Br. J. Pharmac. Chemother., 22, 72-86.

226



Mechanism of action of a-methyldopa 227

DE GROOT, J. (1963). The Rat Forebrain in Stereotaxic Coordinates. Amsterdam: N.V. Noord-
Hollandsche Uitgevers Maatschappij.

FINCH, L. (1971). The neurogenic component in the experimental hypertensive rat. Pharmacology,
Basle, 5, 245-254.

FINCH, L. & LEACH, G. D. H. (1970). A comparison of the effects of 6-hydroxydopamine, immuno-
sympathectomy and reserpine on the cardiovascular reactivity in the rat. J. Pharm. Pharmac.,
22, 354-360.

FINCH, L., HAEUSLER, G., KuHN, H. & THOENEN, H. (1972). The recovery of adrenergic nerve
function in the rat after chemical sympathectomy with 6-hydroxydopamine. Br. J. Pharmac.,
44, 357-358P.

FOLKOW, B. & RUBINSTEIN, E. H. (1966). Cardiovascular effects of acute and chronic stimulation
of the hypothalamic defence area in the rat. Acta physiol. scand., 68, 48-57.

GAGNON, D. J. & MELVILLE, K. I. (1969). Alterations of centrally mediated cardiovascular mani-
festations by intraventricular pronethalol and phentolamine. Int. J. Neuropharmac., 8, 587-592.

GEROLD, M. & TSCHIRKY, H. (1968). Measurement of blood pressure in unanaesthetized rats and
mice. Arzeimittel-Forsch., 18, 1285-1287.

GILLESPIE, J. S. & MUIR, T. C. (1967). A method of stimulating the complete sympathetic outflow
from the spinal cord to blood vessels in the pithed rat. Br. J. Pharmac. Chemother., 30, 78-87.

HAEFELY, W., HURLIMANN, A. & THOENEN, H. (1967). Adrenergic transmitter changes and response
to sympathetic nerve stimulation after differing pretreatment with a-methyldopa. Br. J. Pharmac.
Chemother., 31, 105-119.

HAYDEN, J. F., JOHNSON, L. R. & MAICKEL, R. P. (1966). Construction and implantation of a
permanent cannula for making injections into the lateral ventricle of the rat brain. Life Sci., 5,
1509.

HEISSE, A. & KRONEBERG, G. (1972). a-Sympathetic receptor stimulation in the brain and hypotensive
activity of a-methyldopa. Eur. J. Pharmac., 17, 315-317.

HENNING, M. (1969). Interaction of dopa-decarboxylase inhibitors with the effect of a-methyldopa
on blood pressure and tissue monoamines in rats. Acta pharmacol. toxicol., 27, 135-148.

HENNING, M. & RUBENSON, A. (1970). Evidence for a centrally mediated hypotensive effect of
L-dopa in the rat. J. Pharm. Pharmac., 22, 241-243.

HENNING, M. & SVENSSON, L. (1968). Adrenergic nerve function in the anaesthetized rat after
treatment with a-methyldopa. Acta pharmacol. toxicol., 26, 425-436.

HENNING, M. & VAN ZWIETEN, P. A. (1968). Central hypotensive effect of a-methyldopa. J. Pharm.
Pharmac., 20, 409-417.

INGENITO, A. J., BARRETT, J. P. & PROCITA, L. (1970). A centrally mediated peripheral hypotensive
effect of a-methyldopa. J. Pharmac. exp. Ther., 175, 593-599.

KOBINGER, W. (1967). Ueber den Wirkungs mechanismus einer neuen antihypertensiven Substanz
mit imidazolinstruktur. Naunyn-Schmiedebergs Arch. Pharmak., 258, 48-58.

KONIG, J. F. R. & KLIPPEL, R. A. (1963). The Rat Brain. A Stereotaxic Atlas of the Forebrain and
Lower Parts of the Brain Stem. Baltimore: Williams and Wilkins.

MALIK, K. U. & MUSCHOLL, E. (1969). The effect of a-methyldopa on the vasoconstrictor responses
of the rat mesenteric artery preparation to nerve stimulation. Arzneimittel-Forsch., 19, 1111-1113.

MORPURGO, C. (1968). Pharmacological modifications of sympathetic responses elicited by hypo-
thalamic stimulation in the rat. Br. J. Pharmac. Chemother., 34, 532-542.

MORPURGO, C. & MORILLO, A. (1962). The effects of bretylium on sympathetic responses elicited
by hypothalamic stimulation. Life Sci., 6, 263-269.

MUSCHOLL, E. & MAiTRE, L. (1963). Release by sympathetic stimulation of a-methylnoradrenaline
stored in the heart after administration of a-methyldopa. Experientia, 19, 658-659.

OKAMOTO, K. & AOKI, K. (1963). Development of a strain of spontaneously hypertensive rats.
Jap. Circul. J., 27, 283-293.

OSBORNE, M. W., WENGER, J. J. & WILLEMS, W. (1971). The cardiovascular pharmacology of
L(-)-Dopa: peripheral and central effects. J. Pharmac. exp. Ther., 178, 517-528.

PHILIPPU, A., PRZUNTEK, H., HEYD, G. & BURGER, A. (1971). Central effects of sympathomimetic
amines on the blood pressure. Eur. J. Pharmac., 15, 200-208.

POPOVIC, V. & PoPovic, P. (1960). Permanent cannulation of aorta and vena cava in rats and
ground squirrels. J. Appl. Physiol., 15, 727-728.

SALMON, G. K. & IRESON, J. 0. (1970). A correlation between the hypotensive action of methyldopa
and its depression of peripheral sympathetic function. Archs int. Pharmacodyn. Ther., 183,
60-64.

SCHMIT, H. & ScHMrrr, H. (1969). Localization of the hypotensive effect of 2-(2,6-dichlorophenyl-
amino)-2-imidazoline hydrochloride (S-155, Catapressan). Eur. J. Pharmac., 6, 8-12.

SCHUMANN, H. J. & GROBECKER, H. (1964). Nachweis und Lokalisation von a-Methyl-Noradrenalin
in Meerschweinchenorganon nach Vorbehandlung mit a-Methyl-Dopa. Naunyn-Schmiedebergs
Arch. Pharmak., 247, 297-298.

SHARE, N. N. & MELVILLE, K. I. (1963). Centrally mediated sympathetic responses induced by
intraventricular norepinephrine. J. Pharmac. exp. Ther., 141, 15-21.



228 L. Finch and G. Haeusler

SNIDER, R. S. & NIEMER, W. T. (1961). A Stereotaxic Atlas ofthe Cat Brain. Chicago: The University
of Chicago Press.

THOENEN, H. & TRANZER, J. P. (1968). Chemical sympathectomy by selective destruction of
adrenergic nerve endings with 6-hydroxydopamine. Naunyn-Schmiedebergs Arch. Pharmak., 261,
271-288.

TRINKER, F. R. (1971). The significance of the relative potencies of noradrenaline and a-methyl-
noradrenaline for the mode of action of a-methyldopa. J. Pharm. Pharmac., 23, 306-308.

URETSKY, N. J. & IVERSEN, L. L. (1970). Effects of 6-hydroxydopamine on catecholamine containing
neurones in the rat brain. J. Neurochem., 17, 269-278.

(Received August 22, 1972)


