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a-Methyldopa in high concentrations impaired the responses of rabbit isolated ileum
and guinea-pig isolated vas deferens to stimulation of the sympathetic nerves and to
noradrenaline, but these preparations taken from animals previously treated with
a-methyldopa showed no sign of impairment. Contractions of the cat nictitating
membrane were reduced but not abolished by a-methyldopa. In cats, dogs and rats,
pressor responses to noradrenaline were usually slightly increased by a-methyldopa.
Pressor responses to tyramine were not affected consistently. a-Methyldopa, a-methyl-
dopamine and a-methylnoradrenaline behaved like dopa, dopamine and noradrenaline
respectively in restoring the responses of tissues from reserpine-treated animals
to stimulation of the sympathetic nerves to the rabbit ileum, the guinea-pig vas
deferens and the cat nictitating membrane and in restoring responses to tyramine of
the cat blood pressure and nictitating membrane, and the rat blood pressure. The
potency of a-methylnoradrenaline relative to noradrenaline ranged from one-half to
one-ninth on various preparations. The results are discussed in relation to the anti-
hypertensive action of a-methyldopa.

The first observation that a-methyldopa lowered the blood pressure of hyper-
tensive patients was made by Oates, Gillespie, Udenfriend & Sjoerdsma (1960);
one of the most recent reports is by Smirk (1963). Although a-methyldopa has
now been established as a valuable drug for the treatment of hypertension, the
pharmacological basis of its antihypertensive action is not completely understood.
a-Methyldopa inhibits dopa decarboxylase both in vitro and in vivo (Sourkes,

1954; Dengler & Reichel, 1957, 1958; Clark, 1959; Oates et al., 1960; Lovenberg,
Weissbach & Udenfriend, 1962); however it seems unlikely that this action of
a-methyldopa explains its antihypertensive property (Hess, Connamacher, Ozaki
& Udenfriend, 1961 ; Gillespie, Oates, Crout & Sjoerdsma, 1962; Cannon, Whitlock,
Morris, Angers & Laragh, 1962).

In animals treated with a-methyldopa the tissue stores of noradrenaline are
depleted (Goldberg, DaCosta & Ozaki, 1960; Hess et al., 1961 ; Porter, Totaro &
Leiby, 1961 ; Stone, Porter, Watson & Ross, 1962a; Stone, Ross, Wenger, Ludden,
Blessing, Totaro & Porter, 1962b; Carlsson & Lindqvist, 1962). The depletion is
not a consequence of inhibition of dopa decarboxylase, since noradrenaline stores
remain depleted for several days after the content of dopamine has returned to

* Present address: Research Division, Cleveland Clinic Foundation, Cleveland 6, Ohio, U.S.A.



a-METHYLDOPA

normal (Hess et al., 1961). Depletion of noradrenaline after administration of
a-methyldopa does not lead to a marked impairment of responses to stimulation of
sympathetic nerves (Goldberg et al., 1960; Stone et al., 1962a, b).

a-Methyldopa can serve as a substrate for dopa decarboxylase, being converted
into a-methyldopamine (Porter et al., 1961 ; Lovenberg et al., 1962; Gillespie et al.,
1962; Porter & Titus, 1963). In vivo the metabolism of a-methyldopa proceeds
further to produce a-methylnoradrenaline (Carlsson & Lindqvist, 1962) and 0-methyl
derivatives of a-methylated catechol amines (Gillespie et al., 1962; Lauwers,
Verstraete & Joossens, 1963; Stott, Robinson & Smith, 1963).

Recently, Day & Rand (1963) suggested that, since a-methyldopa is metabolized
in the body to yield a-methylnoradrenaline, the a-methylnoradrenaline formed may
enter storage sites for noradrenaline at sympathetic nerve endings, and then be
released instead of noradrenaline as the sympathetic neurotransmitter. Carlsson
& Lindqvist (1962) suggested that a-methylated amines formed from a-methyldopa
could take over the role of normal catechol amines in the central nervous system.
The lesser potency of a-methylnoradrenaline in the cardiovascular system compared
to noradrenaline would explain the decrease in blood pressure in hypertensive
patients.
Our hypothesis for the mode of action of a-methyldopa was based, in part, on

experiments which we are reporting in this paper.

METHODS

Observations with preparations of isolated organs
Rabbit isolated ileum preparation. Segments of ileum together with periarterial sympathetic

nerves were prepared by the method of Finkleman (1930). The segments were suspended
in McEwen's (1956) solution at 37' C, bubbled with 5% carbon dioxide in oxygen. The
mesenteric artery and nerves were threaded through a bipolar platinum electrode of the type
described by Burn & Rand (1960a). Electrical stimulation was applied from an electronic
stimulator using 2 msec pulses at a frequency of 50 shocks/sec (unless otherwise stated); the
voltage was supramaximal. Trains of stimuli were applied for 30 sec every 4 min.

Guinea-pig vas deferens preparation. The vas deferens with its hypogastric nerve was
prepared by the method of Hukovic (1961) and suspended in McEwen's solution at 320 C.
Stimulation was with 2 msec pulses at 20 shocks/sec for 5 to 10 sec every 2 min; the voltage
was supramaximal.

Observations with whole animals
Dogs and cats were anaesthetized with chloralose (80 mg/kg) together with pentobarbitone

(6 mg/kg) injected intraperitoneally. Rabbits and guinea-pigs were anaesthetized with urethane
(6 ml./kg of a 25% aqueous solution). Rats were injected with atropine (1 mg, intra-
peritoneally), anaesthetized with ether and pithed by the method of Shipley & Tilden (1947).
Cat nictitating membrane. The contractions of the nictitating membrane (usually the left)

were recorded with an isotonic frontal writing lever exerting a tension of approximately 3 g
and magnifying ten-times. The nerves from the cephalic pole of the superior cervical ganglion
were dissected free and placed on bipolar platinum electrodes under liquid paraffin. Electrical
stimulation was with 2 msec pulses at frequencies ranging from 0.1 to 100 shocks/sec applied
either for a constant time (10 sec) or until a constant number of pulses had been delivered
(200 or 300 in different experiments); supramaximal voltages were used.
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Measurement of arterial blood pressure. Blood pressure was recorded with a mercury
manometer through a cannula inserted into a carotid artery or, in dogs, into a femoral artery.
Blood pressure in rats and guinea-pigs was recorded with a Condon manometer.
Volume of cat spleen. Contractions of the spleen were recorded using the method of

Burn (1952).
Treatment with reserpine. Intraperitoneal injections were given using either Serpasil (Ciba),

which contains 2.5 mg/ml. of reserpine in a proprietary vehicle, or a solution of 10 mg/ml. of
reserpine base in a 20% solution of ascorbic acid. The dose was 5 mg/kg of reserpine on
the first day and 0 to 5 mg/kg on the second day according to the condition of the cat.
The cat was used on the third day. Cats treated with reserpine had diarrhoea, and appeared
ill and sedated (Withrington & Zaimis, 1961), but the impression was gained that they were
less ill after giving reserpine in ascorbic acid solution.

Rabbits, rats and guinea-pigs were injected intraperitoneally with 5 mg/kg of reserpine
dissolved in ascorbic acid solution. Injections were given for 1 to 3 days and the animal
was used the day after the last injection.
Treatment with a-methyldopa. Solutions of a-methyldopa (50 mg/ml.) were made in slightly

acidified water.
In experiments with animals previously treated with a-methyldopa, intraperitoneal injections

were made daily or twice daily. The details of doses and durations of treatment are given
in Results.

Optical isomers. The laevo-isomer of a-methyldopa was used, and doses refer to the amino
acid. The racemic form of a-methyldopamine and the laevo-isomers of a-methylnoradrenaline
and of noradrenaline were used, and doses refer to the bases.

RESULTS

Effects of a-methyldopa on responses to stimulation of sympathetic nerves
Rabbit isolated ileum preparation. a-Methyldopa, in concentrations of 1 to 100

,ug/mi. present in the organ-bath for periods as long as 3 hr. had no effect on the
responses of the isolated ileum to stimulation of the sympathetic nerves either at
frequencies giving less .than a maximal relaxation (10 and 20 shocks/sec), or when
maximal responses were obtained (50 shocks/sec); responses to noradrenaline (20
to 40 ng/ml.) were also unaffected. The absence of an effect of a-methyldopa on
responses of the rabbit ileum to stimulation of the sympathetic nerves confirms
the observation of Green (1962).
When a-methyldopa was added to the organ-bath the fluid became pink in 15

to 30 min and darkened to purplish-black after 60 to 90 min. To test whether the
lack of action of a-methyldopa was due to its oxidation an experiment was
performed with two separate segments of ileum: to one 50 Jug/ml. of a-methyldopa
was added and left for 4 hr. and to the other the bath fluid was changed every 15
min and 50 ug/ml. of a-methyldopa was replaced each time. In neither experiment
was there any diminution of responses to stimulation of the sympathetic nerves.
A higher concentration of a-methyldopa (500 ,ug/ml.) depressed the amplitude

of the pendulum movements of the ileum and impaired responses to stimulation
of the sympathetic nerves and to noradrenaline; these effects were gradually
eliminated after repeatedly washing the preparation.

Segments of ileum were taken from a rabbit which had been given intraperitoneal
injections of 200 mg/kg/day of a-methyldopa for 5 days, taking the ileum 6 hr
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after the last dose. The responses of these segments to stimulation of the sympathetic
nerves were no different from responses obtained in preparations from untreated
rabbits.

Guinea-pig isolated vas deferens preparation. Concentrations of 1 to 100 ug/ml.
of a-methyldopa present in the organ-bath for up to 3 hr had no effect on the
contraction of the vas deferens elicited by stimulation of the hypogastric nerves.
After higher concentrations (0.5 to 1.0 mg/ml.) there was a slight reduction in
responses to nerve stimulation and to noradrenaline, but there was recovery after
replacing fresh McEwen's solution in the bath (Fig. 1). A guinea-pig was given
daily intraperitoneal injections of 150 to 200 mg/kg of a-methyldopa for 3 days,
and then both vasa deferentia were isolated. They responded to stimulation of the
hypogastric nerves in a way indistinguishable from preparations from untreated
guinea-pigs.

(a) (b)

(cm) *

NA A NA| NA
(min) *

aMDopa W

Fig. 1. Guinea-pig isolated vas deferens. Stimulation of hypogastric nerve (white dots) with
2 msec pulses at 20 shocks/sec for 10 sec every 2 min, except when noradrenaline (NA, 20 gg/ml.)
was present in the bath. (a) shows the initial responses; between (a) and (b), 0.5 mg/ml. of
a-methyldopa (aMDopa) was added to the organ-bath, 110 mn before (b). The responses
were reduced. After washing out and replacing with fresh McEwen's solution (W), the responses
recovered rapidly. Time in min. Vertical scale in cm.

Cat nictitating membrane. The responses of the nictitating membrane to various
stimulus frequencies (0.1 to 100 shocks/sec) of the postganglionic cervical
sympathetic nerve were established at intervals of about 2 hr. At other times the
responses of the nictitating membrane were evoked at regular intervals, every 2
or 4 min, using a frequency giving maximal responses, usually 20 or 50 shocks/sec.
Injections of 50 to 400 mg/kg of a-methyldopa were given intravenously. There
was a slowly developing impairment of responses of the nictitating membrane,
particularly to responses evoked by low stimulus frequencies.
The results from one experiment are shown in Fig. 2. In this experiment there

was a clear reduction in the height of the contractions of the nictitating membrane
to low frequencies of nerve stimulation 2 hr after injecting a-methyldopa and a
greater reduction 5 hr after the injection. These effects were obtained so long
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Fig. 2. Cat, 2.2 kg. Top record: blood pressure; lower record: responses of nictitating membrane
to stimulation of postganglionic sympathetic nerves (at white dots) with 2 msec pulses, at
frequencies indicated by the figures, for 10 sec periods. a-Methyldopa (aMDopa) (200 mg/kg)
was injected intravenously between panels (a) and (b). Panel (b) was recorded 2 hr and panel
(c), 5 hr after the injection. Between the panels the nerve was stimulated at 20 shocks/sec
for 10 sec every 4 min. Time in min; calibration of blood pressure in mm Hg; contractions of
nictitating membrane in cm.

after injecting the a-methyldopa that deterioration of the preparation may have
contributed to the reduction in height of the contractions, but in similar experiments
without the injection of a-methyldopa there was considerably less impairment of
responses of the nictitating membrane.

In two experiments responses to stimulation at various frequencies using a fixed
duration of stimulation (10 sec) were compared with responses to various stimulus
frequencies using a fixed number (200 and 300) of shocks. With either method of
stimulation the same result was obtained: a greater impairment of responses to
low stimulus frequencies than to high frequencies.

Results similar to those in Fig. 2 were obtained in five experiments, but in three
other experiments the effects were no greater than the deterioration in responses
seen in control experiments.
The responses of the nictitating membranes to various stimulus frequencies of

the sympathetic nerve were tested in cats previously treated wih a-methyldopa
(100 mg/kg/day) for 3 or 4 days. The results were compared with those obtained
from untreated cats using the same apparatus and, as far as possible, identical
conditions. Fig. 3 shows that the mean height of contraction of the nictitating
membrane was less in the cats treated with a-methyldopa than in the control cats.
At each stimulus frequency the difference between the means was significant at
P<0.05 (" t " test).

Carotid sinus baroreceptor reflex. The reflex rise in blood pressure produced by
occluding the common carotid arteries in cats was not impaired after a-methyldopa
(up to 200 mg/kg). In a dog, however, the pressor response to occlusion of the
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Fig. 3. Mean responses of cat nictitating membranes to stimulation of the postganglionic cervical
sympathetic nerves at various frequencies (abscissa) using 2 msec shocks applied in groups of
200. The filled circles indicate results from four untreated cats. The empty circles are from
four cats injected intraperitoneally with 100 mg/kg/day of a-methyldopa for 3 or 4 days, and
used 16 to 21 hr after the last injection. The vertical bars indicate the standard errors of the
means.
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Fig. 4. Blood pressure of dog, 10 kg. Drugs were injected intravenously in the doses indicated
at the dots: NA, noradrenaline; aMNA, a-methylnoradrenaline ; Tyr, tyramine.
At the horizontal bars both common carotid arteries were occluded (CO) for the times
indicated. Between panels (a) and (b) 200 mg/kg of a-methyldopa (aMDopa) was injected
intravenously and (b) was recorded 110 min later. Time in min. Blood pressure in mm Hg.
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carotid arteries was delayed, but the height of the pressor response was as great
as before a-methyldopa (Fig. 4).

Effects of a-methyldopa on responses to noradrenaline and tyramine
In the cat intravenous injections of 100 to 250 mg/kg of a-methyldopa had

inconsistent effects on responses of the blood pressure and the nictitating membrane
to noradrenaline and to tyramine. In three experiments the response to noradrenaline
was potentiated and in three experiments it was unaffected. In four experiments
the pressor response to tyramine was unaffected and in one it was slightly reduced.
Kroneberg & Stoepel (1963) found that 500 mg/kg of a-methyldopa did not affect
pressor responses to tyramine in the cat. After a-methyldopa, tyramine caused
an increased contraction of the nictitating membrane in two experiments, in two
experiments the contraction was unaffected and in one it was slightly reduced.

In cats treated with a-methyldopa (100 mg/kg/day) for 3 or 4 days, the responses
to noradrenaline (2 to 4 Mug) were clearly greater than in untreated cats, and responses
to tyramine (1 to 3 mg) were similar to, or slightly greater than, responses in
untreated cats. After an intravenous infusion of noradrenaline (0.4 mg in 20 min)
the pressor responses to noradrenaline and to tyramine were reduced.

In the dog, pressor responses to noradrenaline, a-methylnoradrenaline and to
tyramine were potentiated after 200 mg/kg of a-methyldopa (Fig. 4).

In our experiments the blood pressure was not appreciably altered by
a-methyldopa, but Goldberg et al. (1960) reported that the blood pressure fell in
unanaesthetized dogs.
Our colleague, J. Wilson, has made observations on rats treated with 400 mg/kg

of a-methyldopa every 8 hr for 2 days, the rats being used 3 to 6 hr after the last
injection. In these rats the pressor response to tyramine (50 ,ug) was normal, whereas
the response to noradrenaline was greater than in untreated rats.

Effects of a-methyldopa, a-methyldopamine and a-methylnoradrenaline after
treatment of animnals with reserpine
Rabbit isolated ileum preparation. Segments of ileum taken from rabbits treated

with reserpine responded to stimulation of their periarterial sympathetic nerves
with incomplete relaxations, or else they contracted. After treatment of the prepara-
tion in the organ-bath with a-methyldopa (50 ug/ml.) for 1 hr or more, and then
replacement with fresh McEwen's solution in the bath, the responses to stimulation
of the, sympathetic nerves were partly restored towards the responses seen with
segments of ileum from untreated rabbits. Fig. 5 shows that both a-methyldopa
and (-)-dopa improved the responses to a similar extent.

Responses of segments of ileum from rabbits treated with reserpine to stimulation
of the sympathetic nerves were clearly enhanced after treatment of the preparations
in the organ-bath for 20 to 30 min with 10 pg/ml. of a-methyldopamine or a-methyl-
noradrenaline. The restoration of responses produced by these a-methylated
compounds was as good as or better than the restoration produced by dopamine
or noradrenaline.
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Fig. 5. Responses of two segments of ileum with their sympathetic nerves taken from a rabbit
treated with reserpine for 2 days. At the white dots the nerves were stimulated at the frequencies
indicated for 25 sec. Between each period of stimulation 4 min elapsed. At first, the prepara-
tions failed to respond (a and c) but, after treatment with 50 /g/ml. of a-methyldopa (aMDopa,
between a and b) or 50 pg/ml. of dopa (between c and d) left in contact for 85 min, responses
to stimulation were improved. Time in min. Vertical scale in cm.

Guinea-pig vas deferens preparation. Neither a-methyldopa nor (-)-dopa, in
concentrations up to 50 jg/ml., affected the responses of isolated vasa deferentia
from reserpinized guinea-pigs to stimulation of their hypogastric nerves. However,
a-methylnoradrenaline (5 to 10 /g/ml.) or a-methyldopamine (10 to 20 pg/ml.)
temporarily enhanced the responses of the vas deferens to about the same extent
as did the same concentrations of noradrenaline or dopamine. That neither amino
acid restored the responses of the vas deferens isolated from guinea-pigs treated
with reserpine to stimulation of the hypogastric nerve, although the corresponding
amines were able to restore responses, would be explained if the vas deferens did
not contain significant amounts of accessible dopa decarboxylase.
Cat nictitating membrane and blood pressure. In cats which had been treated

with reserpine, infusions of a-methyldopa were as effective as infusions of dopa
in restoring responses to tyramine and to stimulation of the sympathetic nerves
to the nictitating membrane. The results from one experiment with a-methyldopa
(60 mg) are shown in Fig. 6. At the start of the experiment, 4 mg of tyramine
caused only a small rise in blood pressure, 1 ,ug of noradrenaline caused a
conspicuous rise in blood pressure and stimulation of the sympathetic nerve to
the nictitating membrane caused a contraction of about one-third that seen in normal
cats: these results are typical for a cat treated with reserpine (Burn & Rand, 1958).
After the infusion of a-methyldopa the pressor response to tyramine was enhanced,
although there was no restoration of contractions of the nictitating membrane in
response to tyramine. However, it has been our experience that dopa sometimes
failed to restore contractions of the nictitating membrane in response to tyramine
in cats treated with reserpine, while pressor responses to tyramine were regularly
enhanced. The responses of the nictitating membrane to stimulation of the cervical
sympathetic nerve were enhanced after infusion of a-methyldopa. Pressor responses
to noradrenaline were usually slightly enhanced after administration of a-methyl-
dopa: in this respect a-methyldopa differs from dopa, which reduces the responses
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Fig. 6. Blood pressure (upper record) and contractions of nictitating membrane (lower record)
from cat (2.0 kg) treated with reserpine. At the white dots the postganglionic cervical sym-
pathetic nerves were stimulated at 20 shocks/sec for 10 sec. Intravenous injections of tyramine
(4 mg at Tyr) and noradrenaline (1 jg at NA) are indicated. Between (a) and (b), 60 mg of
a-methyldopa (aMDopa) were infused in 20 ml. of solution during 20 min. Between (b) and
(c), 85 min later, another infusion of a-methyldopa was given. Time in min. Blood pressure
in mm Hg. Nictitating membrane contractions in cm.

to noradrenaline in cats treated with reserpine. Kroneberg & Stoepel (1963) reported
that a-methyldopa (500 mg/kg), infused into cats treated with reserpine, increased
the actions of tyramine on the blood pressure and the nictitating membrane, that
responses to noradrenaline were unchanged, and that contractions of the nictitating
membrane in response to stimulation of the sympathetic nerves were not increased.
The infusion of a-methyldopamine (Fig. 7) and of a-methylnoradrenaline (Fig. 8)

restored the responses to tyramine on the blood pressure and nictitating membrane
of cats treated with reserpine and increased the responses of the nictitating membrane
to stimulation of the sympathetic nerves. The pressor responses to noradrenaline
were slightly enhanced after infusions of a-methyldopamine and a-methyl-
noradrenaline: this contrasts with the effects of infusions of noradrenaline (Burn
& Rand, 1958) and of dopamine, which reduce the pressor action of noradrenaline.
In other respects the effects of infusions of a-methyldopamine and a-methylnor-
adrenaline were similar to those of dopamine and noradrenaline respectively. Thus
the dopamines gave a better restoration of the responses of the nictitating membrane
to nerve stimulation and the restoration persisted longer than with the noradren-
alines (compare Burn & Rand, 1960b).

Rat blood pressure. In pithed rats treated with reserpine the pressor responses
to tyramine (100 M>g) were considerably less than were seen in pithed rats not treated
with reserpine. After an infusion of a-methyldopa (1 mg in 20 min) the pressor
responses to tyramine were increased and remained at their increased height for
at least 1.5 hr (Fig. 9). Infusion of a-methyldopamine (200 jug in 20 min) or
a-methylnoradrenaline (5 ,ug in 20 min) also restored responses to tyramine in rats
treated with reserpine, but the restorations did not persist as long as after infusions
of a-methyldopa.
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Fig. 7. Blood pressure (upper record) and contractions of nictitating membrane (lower record) of
cat (1.9 kg) treated with reserpine. At the white dots the postganglionic cervical sympathetic
nerves were stimulated at 20 shocks/sec for 15 sec. At Tyr, 4 mg of tyramine was injected
intravenously. Between A and B, 10 mg of a-methyldopamine (aMDopamine) was infused
in 10 ml. of solution during 20 min. Time in min. Blood pressure in mm Hg. Nictitating
membrane contractions in cm.
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Fig. 8. Blood pressure (upper record) and contractions of nictitating membrane (lower record)
of cat (3.2 kg) treated with reserpine. At Tyr, 4 mg of tyramine were injected intravenously.
Between (a) and (b), 1 mg of a-methylnoradrenaline (aMNA) was infused in 20 ml. of solution
during 20 min. Time in min. Blood pressure in mm Kg. Nictitating membrane contractions
in cm.
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Fig. 9. Blood pressure of pithed rat treated with reserpine. Between panels (a) and (b), 1 mg of
a-methyldopa (aMDopa) in 1 ml. of solution was infused during 20 min. Tyramine (100 'Ug)
was injected intravenously at Tyr. In panels (b) and (c) the figures refer to the time in min
after the infusion of a-methyldopa. Time in min. Blood pressure in mm Hg.

Potency of a-methylnoradrenaline relative to noradrenaline
The comparison of the potencies of a-methylnoradrenaline and of noradrenaline

was carried out by determining the responses to a number of doses of each substance.
For doses which produced less than half of the maximal responses, the log dose/
response lines did not differ significantly from parallel. The results are summarized
in Table 1. In all the preparations tested a-methylnoradrenaline was less active
than noradrenaline.

TABLE 1
RELATIVE POTENCY OF NORADRENALINE AND a-METHYLNORADRENALINE
Potency ratios are the ratios of the potencies of noradrenaline compared with those of a-methyl-

noradrenaline. * From Goodman & Gilman (1955). t From Ahlquist (1948)
No. of Mean potency

Preparation experiments ratio
Cat blood pressure 4 1 9
Dog blood pressure 4 19
Rat (spinal) blood pressure 3 2*9
Guinea-pig blood pressure 2 6-2
Rabbit blood pressure 2 8-5
Human blood pressure 4*
Cat spleen volume 1 2
Cat nictitating membrane 2t
Rabbit perfused ear 2 8
Guinea-pig vas deferens 1 2

In cats and rats treated with reserpine the pressor responses to a-methylnor-
adrenaline and to noradrenaline were greater than in the control animals, but the
relative potency was unchanged.

Comparison of a-methyldopamine with dopamine
Dopamine antagonizes the action of guanethidine in blocking the responses of

the rabbit ileum to stimulation of the sympathetic nerves, but dopa and noradrenaline
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were ineffective (Day, 1962). a-Methyldopamine shared this action of dopamine,
but neither a-methyldopa nor a-methylnoradrenaline affected the blocking action
of guanethidine.

DISCUSSION

Although a-methyldopa is efficacious in relieving hypertension it differs from
other antihypertensive drugs in that it has only slight effects on the responses to
simulation of sympathetic nerves. We found that a-methyldopa reduced but did
not abolish contractions of the cat nictitating membrane in response to stimulation
of the sympathetic nerves. Responses to stimulation of the sympathetic nerves
of the rabbit isolated ileum and the guinea-pig isolated vas deferens were diminished
only in the presence of high concentrations of a-methyldopa, when the responses
to noradrenaline were also diminished. Goldberg et al. (1960) did not observe any
impairment of the response of the heart to stimulation of the presynaptic fibres to
the stellate ganglion in dogs treated with ao-methyldopa, and Stone et al. (1962a, b)
were unable to detect an effect of a-methyldopa on responses to sympathetic stimula-
tion in experimental animals. The clinical findings are that a-methyldopa causes a
slight postural hypertension (Onesti, Brest, Novack & Moyer, 1962; Gillespie et al.,
1962; Bayliss & Harvey-Smith, 1962), abolition of overshoot in the Valsalva
manceuvre (Dollery & Harington, 1962) and a decreased cardiovascular response to
exercise (Sannerstedt, Varnauskas & Werko, 1962). These observations on patients
suggest an impairment of sympathetically mediated cardiovascular reflexes, and
Gillespie et al. (1962) reported failure of ejaculation which may also have been due
to impairment of sympathetic nerves.
The most striking pharmacological action of a-methyldopa which we have

observed is the restoration of responses to stimulation of sympathetic nerves and
to tyramine when these responses have been impaired as a result of treatment with
reserpine. Infusions of a-methyldopa, a-methyldopamine and a-methylnoradrenaline
into cats treated with reserpine usually caused a slight increase in the pressor response
to noradrenaline. However, it is unlikely that this slightly increased reactivity of
the cardiovascular system was in itself responsible for the greatly increased pressor
responses to tyramine (see Fig. 6). Kroneberg & Stoepel (1963) found that a-methyl-
dopa increased the pressor responses to tyramine in cats treated with reserpine
without any increase in the pressor responses to noradrenaline.

Responses to sympathetic nerve stimulation and to tyramine depend on the
presence of stores of noradrenaline in the tissue. Depletion of these stores by
reserpine causes a loss of responses. Repletion of the stores after an infusion of
noradrenaline, or a substance which yields noradrenaline when it has been
metabolized in the body, results in a restoration of responses (Burn & Rand, 1960b).
The effects of a-methyldopa in restoring responses to stimulation of sympathetic
nerves and to injections of tyramine after treament with reserpine closely resemble
the effects of dopa in restoring these responses. a-Methyldopa, like dopa, is a
substrate for dopa decarboxylase, this enzyme producing a-methyldopamine and
dopamine respectively (see Introduction for references). It is difficult to explain
the restoration of responses after giving a-methyldopa, a-methyldopamine or
a-methylnoradrenaline by assuming that noradrenaline is formed; there are no
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published results indicating that the a-methyl group can be removed. Furthermore,
the tissue stores of noradrenaline are depleted after administration of a-methyldopa
metabolites (see Introduction for references). These observations are compatible
with the hypothesis that a-methylnoradrenaline can serve, in place of noradrenaline,
to mediate responses to stimulation of sympathetic nerves and to tyramine.

Responses to tyramine depend on the presence of noradrenaline bound in stores
in the tissue, the noradrenaline being displaced from the stores by tyramine and
then acting on the effector cells (Burn & Rand, 1958). Despite the fact that a-methyl-
dopa depletes tissues of noradrenaline, we found that responses to tyramine in the
cat were not impaired after either a single dose of a-methyldopa or doses given
for several days, and Goldberg et al. (1960) found that the cardiovascular actions
of tyramine in dogs were not affected by a-methyldopa. However, Stone et al.
(1962a) reported that pressor responses to phenethylamine and to amphetamine
were reduced or abolished after treatment with a-methyldopa, although Stone et al.
(1962b) reported that responses to phenethylamine were not affected after a single
injection of a-methyldopa. In man the transient pressor response following intra-
venous injection of guanethidine, a response mediated by noradrenaline displaced
from its stores in the tissues (Gillis & Nash, 1961), is not diminished after treatment
with a-methyldopa (Wilson, Fisher & Kirkendall, 1961 ; Dollery & Harington, 1962).

In animals treated with a-methyldopa the stores of noradrenaline are depleted,
but a-methylnoradrenaline is present in the tissues (Carlsson & Lindqvist, 1962),
which suggests that tyramine acts in animals treated with a-methyldopa by displacing
a-methylnoradrenaline from stores normally occupied by noradrenaline.
There are observations that the actions of a-methyldopa are exerted only after

it has been metabolized. Davis, Drain, Harington, Lazare & Urbanska (1963)
reported that a-methyldopa no longer depleted tissues of normal catechol amines,
nor did it have a hypotensive action, if its decarboxylation was prevented by giving
a potent inhibitor of dopa decarboxylase. The dextro-isomer of a-methyldopa is
not a substrate for dopa decarboxylase and it does not deplete noradrenaline from
tissues (Porter et al., 1961), it has no antihypertensive action in man (A. Sjoerdsma,
personal communication to Stone et al., 1962a), and it does not restore responses
to tyramine in cats treated with reserpine (Kroneberg & Stoepel, 1963). Tissue
stores of noradrenaline are depleted after administration of a-methyldopamine and
a-methylnoradrenaline (Hess et al., 1961; Porter et al., 1961), these compounds
being metabolic derivatives of a-methyldopa.
Our results and deductions might have some bearing on the therapeutically useful

action of a-methyldopa in relieving hypertension. Treatment with a-methyldopa
leads to the formation of a-methylnoradrenaline which is then bound in tissues,
and this compound can serve in place of noradrenaline to mediate responses to
sympathetic nerve impulses. However a-methylnoradrenaline is less potent than
noradrenaline. It may be that in hypertensive patients treated with a-methyldopa
the substitution of a-methylnoradrenaline for noradrenaline diminishes the effective-
ness of sympathetic impulses to the blood vessels. Nevertheless responses to
sympathetic impulses persist, so that severe postural hypotension and other
unpleasant consequences of complete sympathetic blockade occur only rarely.
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