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Studies on the interrelationship between the syntheses
of noradrenaline and metaraminol
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Summary

1. Experiments were conducted to determine the influence of the rate of
noradrenaline synthesis on the conversion of alpha-methyl-m-tyrosine to
metaraminol.
2. Male Wistar rats, 175-200 g, were placed into four groups and treated
with (1) alpha-methyl-p-tyrosine methyl ester, 250 mg/kg; (2) DL-alpha-methyl-
m-tyrosine, 400 mg/kg; (3) alpha-methyl-p-tyrosine methyl ester, 250 mg/kg
plus DL-alpha-methyl-m-tyrosine, 400 mg/kg; or (4) an equivalent volume of
injection vehicle. All solutions were injected intraperitoneally.
3. Immediately after treatment half of the rats were transferred to 40 C with
the remaining animals being kept at 270 C.
4. The rats were killed 4, 8 and 12 h after injection, the brains, hearts, spleens
and adrenals removed and analysed for adrenaline, noradrenaline, metaraminol
and alpha-methyl-m-tyramine.
5. In virtually all cases, both during rest (270 C) and sympathetic stress
(40 C), treatment of the rats with alpha-methyl-p-tyrosine methyl ester
increased the amount of metaraminol formed from alpha-methyl-m-tyrosine.
The only organ not containing increased quantities of metaraminol in the
presence of alpha-methyl-p-tyrosine methyl ester was the adrenals, taken from
the rats kept at 270 C. Adrenals removed from the cold-exposed rats contained
more metaraminol when alpha-methyl-p-tyrosine methyl ester was combined
with alpha-methyl-m-tyrosine than when alpha-methyl-m-tyrosine was used
alone.
6. These results demonstrate that the inhibition of noradrenaline synthesis,
by treatment with the tyrosine hydroxylase inhibitor alpha-methyl-p-tyrosine
methyl ester, increased the conversion of alpha-methyl-m-tyrosine to
metaraminol. It is concluded that inhibiting the formation of dopa allowed
increased amounts of alpha-methyl-m-tyrosine to enter the biosynthetic path-
way. These results support the false sympathetic transmitter concept advanced
for metaraminol.

Introduction

Metaraminol accumulates in sympathetic nerves replacing, to a large extent, the
endogenous noradrenaline (Shore, Busfield & Alpers, 1964; Anden, 1964).
Metaraminol may be formed from administered alpha-methyl-m-tyrosine within
sympathetic nerves (Carlsson & Lindqvist, 1962) and its synthesis is increased by
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sympathetic stimulation (Johnson & Pugsley, 1968). Once bound within the nerves,
metaraminol may be released by catecholamine releasing drugs or by in vitro
(Crout, Alpers, Tatum & Shore, 1964) or in vivo sympathetic stimulation (Johnson
& Mickle, 1966; Costa, Neff & Ngai, 1969). On the basis of this evidence it has
been postulated that metaraminol may function as a false sympathetic transmitter.
During the past few years experiments have been conducted in our laboratory to

study various aspects of the false transmitter theory. Our results have been pub-
lished in a series of articles (Johnson & Mickle, 1966; Johnson & Pugsley, 1968).
The present paper is a continuation of this programme. Both noradrenaline and
metaraminol share the same biosynthetic pathway. Because of this, a study was
undertaken to determine the influence of the rate of noradrenaline synthesis on the
conversion of alpha-methyl-m-tyrosine to metaraminol.
Cold exposure increases the rate of synthesis of both metaraminol (Johnson &

Pugsley, 1968) and noradrenaline (Oliverio & Stjarne, 1965). Use was made of this
fact to study the interaction between noradrenaline and metaraminol synthesis under
conditions of sympathetic rest, 27° C, and stress, 40 C.

Methods

Male Wistar rats, 175-200 g, obtained from the High Oaks Breeding Laboratories,
were used throughout the study. The rats were divided into four groups and kept
at 270 +1 C for at least 24 h before the experiment. The groups were injected
intraperitoneally as follows: group 1, alpha-methyl-p-tyrosine methyl ester, 250
mg/kg; group 2, DL-alpha-methyl-m-tyrosine, 400 mg/kg; group 3, alpha-methyl-
p-tyrosine methyl ester, 250 mg/kg plus DL-alpha-methyl-m-tyrosine, 400 mg/kg;
group 4, an equivalent volume of injection vehicle. Immediately after treatment
half of the rats were transferred to 40 C and the remaining animals were kept at
270 C.
The animals were placed in individual stainless steel cages. Four, eight and

twelve hours after injection the rats were killed and the brains, hearts, spleens and
adrenals quickly removed. These tissues were homogenized in 0-4 N perchloric
acid and analysed for adrenaline, noradrenaline (Euler & Lishajko, 1961),
metaraminol and alpha-methyl-m-tyramine (Pugsley & Johnson, 1968).

Results

The results of the tissue analyses are given in Tables 1, 2, 3 and 4 and Fig. 1.
Alpha-methyl-p-tyrosine methyl ester produced a marked fall in the noradrenaline
levels in the hearts and brains with the initial effect being greater in the cold-exposed
rats (P<0-01). The drug caused a smaller fall in the noradrenaline stores in the
spleen. The catecholamine levels in the adrenals fell only slightly at 270 C. At
40 C the effect of alpha-methyl-p-tyrosine methyl ester on the adrenals was greater.

Alpha-methyl-m-tyrosine lowered the tissue levels of noradrenaline in the hearts,
spleens and brains (P<0-01 at 4 h). The catecholamine depleting action of the
drug was greater than that of the ester of the para isomer. The catecholamine
stores in the adrenals fell slightly. Accompanying the fall in noradrenaline, the
administration of alpha-methyl-m-tyrosine produced high levels of metaraminol
and alpha-methyl-m-tyramine in the hearts, spleens and brains. The initial
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levels of metaraminol in the brains and hearts were higher in the rats kept at
40 C (P<005). In the spleen the initial levels were higher in the rats kept at
270 C (P<0-01). Twelve hours after treatment spleens removed from the cold-
exposed animals contained considerably more metaraminol than did spleens taken
from the warm-room rats. Metaraminol and alpha-methyl-m-tyramine were also
found in the adrenals of both groups of rats.
Treatment of the rats with alpha-methyl-p-tyrosine methyl ester increased the

amount of metaraminol formed from alpha-methyl-m-tyrosine. On occasion the
increased formation of metaraminol by rats given both drugs was not immediately
seen; for example brain 4 h sample at 40 C and heart 4 h sample at 270 C.
However, when these tissues were removed either 8 or 12 h after injection, the
potentiating action of alpha-methyl-p-tyrosine methyl ester was seen. The only
organ not containing increased quantities of metaraminol in the presence of alpha-
methyl-p-tyrosine methyl ester was the adrenals. Adrenals removed from the rats
kept at 27° C contained less metaraminol when alpha-methyl-m-tyrosine was com-
bined with alpha-methyl-p-tyrosine methyl ester than when alpha-methyl-m-tyrosine
was given alone. Treatment of the cold-exposed rats with both drugs increased the
amount of metaraminol found in the adrenals.
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FIG. 1. Concentrations of metaraminol in brains (A), hearts (B), adrenals (C) and spleens (D)
of rats after the administration of alpha-methyl-m-tyrosine (-), and alpha-methyl-m-tyrosine
plus alpha-methyl-p-tyrosine (- -- -), at 27' C (DI]) or 4' C (U). Plotted values are means of
four determinations.
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Discussion

The concept of metaraminol as a false sympathetic transmitter is based on the
evidence that it replaces noradrenaline within sympathetic nerves and is subject
to release by sympathetic stimulation (Crout et al., 1964; Johnson & Mickle, 1966).
Metaraminol may be synthesized within sympathetic nerves from previously ad-
ministered alpha-methyl-nm-tyrosine (Carlsson & Lindqvist, 1962). Evidence of this
was seen in our study. Following the injection of alpha-methyl-mn-tyrosine, all
tissues analysed contained high concentrations of both alpha-methyl-m-tyramine
and metaraminol. Noradrenaline stores fell as the catecholamine was replaced by
metaraminol. Considerable work has been published on various aspects of the inter-
actions between noradrenaline and metaraminol (see Crout (1966) and Kopin
(1968a, b) for references). However, in spite of the fact that the synthesis of
metaraminol in sympathetic nerves utilizes two enzymes normally employed in
noradrenaline formation-namely, L-aromatic amino-acid decarboxylase and
dopamine-/3-oxidase no work has appeared describing the influence of the rate
of noradrenaline synthesis on the conversion of alpha-methyl-in-tyrosine to
metaraminol.

The chemical alpha-methyl-p-tyrosine methyl ester is an effective inhibitor of
tyrosine hydroxylase and has been used by numerous workers to inhibit nor-
adrenaline synthesis. Alpha-methyl-p-tyrosine methyl ester was used as a tool to
block noradrenaline synthesis at a stage, the conversion of tyrosine to dopa, that
would not impair the formation of metaraminol from alpha-methyl-mn-tyrosine.
The dose used in the present experiments, 250 mg/kg, was selected on the basis of
studies by Corrodi & Hansson (1966) and Corrodi & Malmfors (1966), who showed
an inhibition of tyrosine hydroxylase produced a fall in noradrenaline and
dopamine tissue concentrations. Evidence of the effects of the alpha-methyl-p-
tyrosine methyl ester in our study can be seen by the fall in noradrenaline tissue
levels after its injection. The effect was more pronounced at 40 C, due to the
increased turnover of noradrenaline in the cold.

The inhibition of noradrenaline synthesis increased the formation of metaraminol
from alpha-methyl-m-tyrosine. Brains, heart and spleens taken from rats given both
alpha-methyl-m-tyrosine and alpha-methyl-p-tyrosine methyl ester contained, in
almost all cases, more metaraminol than the corresponding organs removed from
the animals given only alpha-methyl-m-tyrosine. Spector, Sjoerdsma & Udenfriend
(1965) previously reported that alpha-methyl-p-tyrosine increased the incorpora-
tion of dopa- H into tissue catecholamines. These workers concluded that
a decrease in the formation of endogenous dopa allowed the entry of the
labelled analogue into the pathway with less dilution. Our results suggest that
inhibiting the formation of dopa allowed increased amounts of alpha-methyl-m-
tyrosine to enter the biosynthetic pathway. This information demonstrates a com-
petition between the synthesis of noradrenaline and metaraminol and reinforces
the false transmitter concept.

Cold exposure increases noradrenaline turnover (Oliverio & Stjarne, 1965 ; Costa,
Neff & Ngai, 1969) and can, following the administration of alpha-methyl-im-
tyrosine, increase the formation of metaraminol (Johnson & Pugsley, 1968). Four
hours after treatment with alpha-methyl-mn-tyrosine higher levels of metaraminol
were found in the hearts and brains of the cold-exposed rats. The increased rate
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of metaraminol formation, seen at 40 C, was further elevated by alpha-methyl-p-
tyrosine treatment. It can be concluded that, under conditions of both sympathetic
rest or stress, the rate of metaraminol formation can be influenced by the amount
of tyrosine being converted to dopa.

Inhibition of tyrosine hydroxylase did not increase the formation of metaraminol
in the adrenals of the rats kept at 270 C. In fact, in this gland treatment with
alpha-methyl-m-tyrosine alone produced higher levels of metaraminol than alpha-
methyl-m-tyrosine and alpha-methyl-p-tyrosine combined. In the warm the turn-
over of catecholamines in the adrenals is depressed and this probably accounts for
the failure of tyrosine hydroxylase inhibition to increase metaraminol formation.
In the cold, under conditions of sympathetic stress and increased catecholamine
turnover, alpha-methyl-p-tyrosine increased the formation of metaraminol in the
adrenals. Although significant amounts of metaraminol were found in the
adrenals, they represented only a small fraction of the normal catecholamine levels.
The drug produced only a small fall in the normal stores of adrenaline and nor-
adrenaline.
One additional point deserves comment. Cold exposure increased the formation

of metaraminol in hearts and brains, with the increase being noted 4 h after injec-
tion. Cold exposure did not increase the formation of metaraminol by the spleen
during the first 8 h after treatment. It has been a consistent observation in our
laboratory that the release of noradrenaline in the spleen is relatively refractive to
cold exposure. Because of this it is not surprising to observe that cold exposure
produced no immediate increase in metaraminol synthesis. Twelve hours after
treatment the spleens removed from the cold-stressed rats contained many times
the levels of metaraminol found in the animals kept at 27° C.

This work was supported by grant 1595 from the Medical Research Council of Canada.
T. A. Pugsley is a recipient of a Medical Research Council of Canada Studentship. Alpha-
methyl-p-tyrosine methyl ester (H 44/68) was kindly supplied by Dr. H. Corrodi, Hassle AB,
Gothenburg, Sweden.
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