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Steroid potentiation of responses to sympathomimetic
amines in aortic strips
STANLEY KALSNER

Department of Pharmacology, University of Ottawa, Faculty of Medicinle, Ottawa, Ontario,
Canada

1. Responses to catecholamines (adrenaline, noradrenaline, nordefrine) were
enhanced by 17/-oestradiol, progesterone and desoxycorticosterone in untreated
and reserpine pretreated aortic strips. Responses to tyramine, believed mediated
via endogenous catecholamines, were enhanced only in untreated strips.

2. Responses to sympathomimetic amines lacking the catechol nucleus
(phenylephrine, synephrine, methoxamine) were potentiated inconsistently by
the steroids and reserpine pretreatment reduced markedly the frequency of
potentiated responses.
3. Known inhibitors of catechol-O-methyl transferase (tropolone, U-052 1, pyro-
gallol) potentiated responses to catecholamines and abolished the enhancing
effects of the steroids when the steroids were given first, there was no further
increase in response to catecholamines on adding inhibitors of catechol-O-
methyl transferase.
4. Experiments with the oil-immersion technique, to eliminate diffusion of
drug from the tissue, indicated that 17,B-oestradiol, progesterone and desoxy-
corticosterone decreased the rate at which aortic strips inactivated adrenaline
by 0-methylation.
5. It is concluded that 17/3-oestradiol, progesterone and desoxycorticosterone
potentiate responses to catecholamines in aortic strips by inhiibiting a major
mechanism for their inactivation.

Hydrocortisone potentiates responses to adrenaline and noradrenaline in aortic
strips by inhibiting their inactivation by catechol-O-methyl transferase (Kalsner,
1969). It was of interest to determine whether other steroid hormones also enhance
responses to catecholamines and decrease their rate of inactivation by 0-methyla-
tion. In the present study the effects of 17f-oestradiol, progesterone and desoxy-
corticosterone on responses to a variety of sympathomimetic amines were
investigated.

Methods

Rabbit aortic strips, prepared according to Furchgott (1960), were suspended
under 2 g tension in 15 ml. chamibers containing Krebs-Henseleit (Krebs) solution
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at 370 C. Disodium EDTA was added to the Krebs reservoir to give a final concen-
tration of 0O01 g/l. Responses were recorded isotonically, with 6-8-fold magnifica-
tion, on a slowly-moving kymograph (usually 1.8 mm/min). Strips were allowed to
equilibrate for 90 min before drug testing.

Concentrations of l-noradrenaline and 1-adrenaline bitartrates, nordefrine
(Cobefrine), 1-phenylephrine, methoxamine and tyramine hydrochlorides and 1-
synephrine are expressed as the base. Cocaine hydrochloride and iproniazid
phosphate are expressed as the salts. All drug concentrations are presented as final
concentrations in the muscle chamibers.

17,8-Oestradiol, progesterone and desoxycorticosterone were used as the free
alcohols and dissolved in ethanol, or usually propylene glycol, to give stock concen-
trations of 10 mg/ml. The volume usually added to the muscle chamibers was
0.015 ml. In preliminary experiments this volume of ethanol or propylene glycol,
alone, had no effect on the basal tone of aortic strips or on their responses to
sympathomimetic amines.

Reserpine powder was dissolved in 10% ascorbic acid and solutions prepared
every few days. Rabbits were injected intramuscularly with 2-5 mg/kg, usually
18-24 hr before death.
The mineral oil used in the oil-immersion experiments was kept at 370 C in flasks

in a water bath and constantly buibbled with 95% oxygen-5% carbon dioxide. A
flow of the gas mixture through the muscle chambers was maintained when they
were filled with either Krebs solution or oil. After a given response had reached
a stable plateau value the aqueous medium was drained from the muscle chamber
and it was rapidly refilled with mineral oil, without an intervening wash of the
tissue. This trapped a fixed quantity of drug in the tissue. The rate of relaxation
of aortic strips in oil can be equated with intrinsic inactivation of drug which had
caused the response. Evidence for the albsence of any pharmacological action of
the oil itself, the lack of accumulation of toxic metabolites and the adequate oxygen-
ation of the tissue during oil immersion has been previously presented (Kalsner &
Nickerson, 1968a).
Monoamine oxidase (MAO) was inhibited by iproniazid (1 or 2 x 10-` g/ml.)

(Zeller & Barsky, 1952; Furchgott, 1955). Catechol-O-methyl transferase (COMT)
was inhibited with pyrogallol (3 x 10-' g/ml.), tropolone (1-3 x 10-5 g/ml.) or
U-0521 (3'-4'-dihydroxy-2-methyl propiophenone) (1 x 10-5 g/ml.) (Belleau &
Burba, 1961 ; Mavrides, Missala & D'Iorio, 1963; Giles & Miller, 1967). These
concentrations produced maximal effects. Evidence for the specificity and complete-
ness of the procedures used to inhibit mechanisms of amines inactivation in aortic
strips exposed to oil has been previously presented (Kalsner & Nickerson, 1968a, b;
1969a). Mean values are shown with standard errors and were compared by
Student's t test. Differences with P values of 0.05 or less were considered significant.

Results
Effects of steroids on responses to adrenaline

The procedure used to assess the effects of steroid hormones on responses to
adrenaline and other sympathomimetic amines is illustrated in Fig. 1. Contractions
to an agonist were produced on the steep portion of the dose-response curve and
after a stable level of response was reached the steroid under investigation was added
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to the muscle chamber. A change in size of contraction due to the steroid was
readily detectable. The steroids alone, in the concentrations used, had no effect on
the basal tone of aortic strips (Fig. ld).
Responses to adrenaline were enhanced by 1 x 10-6 g/ml. of 17f3-oestradiol, pro-

gesterone or desoxycorticosterone. Maximal enhancement was produced by 171-
oestradiol (3 x 10-6 to 1 x 10` g/ml.), progesterone (1 x 10`6 g/ml.) and desoxycorti-
costerone (1 x 10-5 g/ml.) (Fig. 1 and Table 1). The potentiation of responses to
adrenaline (3 x 10-9 g/ml.) was equivalent to raising the bath concentration of
adrenaline to 8&4, 6-2 and 8.2 x 10-` g/ml., respectively. Neither pretreatment of
rabbits with reserpine nor the presence of cocaine (1 x 10-s g/ml.) interfered with
the action of the steroids.
The enhancing effect of desoxycorticosterone but not that of 17f-oestradiol or pro-

gesterone was rapidly reversed after washout of the muscle chambers (Fig. 1). The
responses of strips recontracted by adrenaline alone 60 min after washout of adren-
aline plus 17f3-oestradiol or progesterone were significantly greater than initial
responses and no clear increment due to re-addition of the steroids was observed.
However, the residual effects of the steroids appeared relatively slight if 120 min
elapsed between tests. In the experiments described in this paper, aortic strips were
discarded routinely after a single exposure to 17,/-oestradiol or progesterone.

(a) - / ~~~~~~E
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(b)
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FIG. 1. Effects of steroid hormones on basal tone of aortic strips and responses to adrenaline
(A) (3 x 10-9 g/ml.). a,b,c, in each pair, trace on the left shows the initial effect of 173-oestra-
diol (E) (1 x lO-5 g/ml.), progesterone (P) (1 x 10-5 g/lml.) or desoxycorticosterone (C)
(1 x 1-5 g/ml.), respectively; right, the effeots of the steroids on the same strips recontracted
by (A) after a 60 min interval. d, Effect of the steroids on the quiescent tone of aortic strips.
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Effects of steroids on responses to other catecholamines

Responses to noradrenaline (3 x 10-9 g/ml.) were potentiated much less than those
to adrenaline (3 x 109 g/ml.) by 17,8-oestradiol, progesterone and desoxycortico-
sterone; equivalent to raising the bath concentration of noradrenaline to 4.0, 4-8
and 4-2 x 10` g/ml., respectively. The steroids also enhanced responses to nor-
defrine and, provided that there had been no reserpine pretreatment, to tyramine,
an agent 'believed to act through the release of endogenous catecholamines. The
above findings are summarized in Talble 1.

Effects of steroids on responses to aminies lacking the catechol nucleus

Responses to phenylephrine, methoxamine, synephrine and those of reserpine-
pretreated strips to tyramine were not clearly enhanced on any occasion by desoxy-
corticosterone (1 x 10-5 g/ml.). Typical traces from several experiments are shown
in Fig. 2 and the results are tabulated in Table 2. 17/i-Oestradiol (1 x 10-` g/ml.)
and progesterone (1 x 10-` g/ml.) enhanced inconsistently the responses to phenyl-
ephrine, synephrine and methoxamine (Table 2). Reserpine-pretreatment appeared
to reduce the frequency of potentiated responses (Talble 2).

Effects of COMT inhibitors on steroid potentiation of catecholamine responses

Aortic strips were exposed to the known COMT inhi'bitors tropolone (1-3 x 10-5
g/ml.), pyrogallol (3 x 10-1 g/ml.) or U-0521 (1 x 10' g/ml.) followed by adrenaline
(3 x 10- or 1 x 10-8 g/ml.) and treatment with a steroid hormone. The known

(a)

C

PE m

(b) /-/

20S N 10 min
20

E to0E

FIG. 2. Effects of desoxycorticosterone (C) (1 x 10-5 g/ml.) on responses to sympathomimetic
amines. a, Strips contracted by phenylephnrne (PE) (1 x 10-8 g/nil.) or mothoxamine (M)
(1 x 10-7 g/ml.) and exposed to desoxycorticosterone (C). b, Strips contracted by synephrine (S)
(1 x 10-6 g/ml.) or nordefrine (N) (3 x 10-8 g/mi.) and exposed to (C).
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COMT inhibitors abolished the enhancing effects of 17,8-oestradiol (1 x 10-` g/ml.)
progesterone (1 x 10-5 g/ml.) and desoxycorticosterone (1 x 10-5 gfml.) in a total
of seventeen, thirteen and eight strips, respectively. In similarly designed experi-
ments, known COMT inhibitors reduced or usually albolished the enhancing effect
of the steroids on responses to noradrenaline and nordefrine and on responses to
tyramine (in the absence of reserpine). In several strips the steroids now produced
a slight depression of response amplitude. Typical records from some of these
experiments are shown in Fig. 3.

Additional experiments were done in which the steroid hormones and U-0521
(1 x 10-5 g/ml.) or tropolone (1 x 10-5 g/ml.) were added to the chambers containing
strips already contracted by a catecholamine. The addition of a known COMT
inhibitor did not potentiate further the responses of strips contracted by adrenaline,
noradrenaline, nordefrine or tyramine and exposed to either 171-oestradiol (1 x 10-
g/ml.), progesterone (1 x 10-5 g/ml.) or desoxycorticosterone (1 x 10-5 g/ml.).
Similarly, the steroids did not enhance the responses of strips contracted by a

(a)
1
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A

(b)

N
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A

N

20 (C)
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NA NA

FIG. 3. Effects of COMT inhibitors on response to progesterone (P) (1 x 10-5 g/ml.) of aortic
strips contracted by catecholamines. a, Top lefit effect of (P) on untreated aortic strip con-
tracted by adrenaline (A) (3 x 10- g/ml.); to right, effect of (P) on response to (A) in the
presence of tropolone (1 x 10-5 g/ml.). Lower left and right, aortic strips contracted by (A)
and exposed to (P) in the presence of U-0521 (1 x 10-5 g/ml.) or pyrogallol (1 x 10-5 g/ml.),
respectively. b, Effect of (P) on response to nordefrine (N) (3 x 10-8 g/ml.) in the absence
(left) and in the presence (right) of U-0521 (1 x 10-5 gfml.). c, Effect of (P) on response to
noradrenaline (NA) (3 x 10-9 g/ml.) in the absence (left) and in the presence (right) of U-0521
(1 X 10-5 g/ml.).
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catecholamine and exposed to a known COMT inhibitor. Typical traces from
several of these experiments are shown in Fig. 4.

Relaxation of adrenaline (1 x 10-8 glml.) and phenylephrine (3 x 10-8 g/ml.)
contracted aortic strips in oil

Aortic strips were contracted iby adrenaline (1 x 10-8 g/ml.) and exposed to oil.
After return to Krebs solution and recovery of basal tone, the strips were recontrac-
ted by the same concentration of adrenaline and exposed to either 17/-oestradiol
(1 x 10-5 g/ml.), progesterone (1 x 10-5 g/ml.) or desoxycorticosterone (1 x 10`
g/ml.) about 10-20 min before oil immersion. The steroids increased the time for
50% relaxation to 5-9, 1-7, and 3.0 times that of the controls, respectively. The
results are tabulated in Table 3a.
The effect of the steroid hormones on the inactivation of adrenaline was also

studied in aortic strips in which MAO was inhibited with iproniazid and the uptake
and storage processes with cocaine. Strips were treated with iproniazid, contracted

(a)
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(b) :
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(d) c
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FIG. 4. Interactions of COMT inihibitors and steroid hormones on responses to catecholamines.
a, Aortic strips contracted by adrenaline (A) (3 x 10-9 g/ml.) and exposed to 17,8-oestradiol
(E) (1 x 1-0 g/ml.) and U-0521 (U) (1 x 10-5 g/ml.). b, Aortic strips contracted by (A) and
exposed to (E) and tropolone (T) (1 x 10-5 g/ml.). c, Aortic strips contracted by nordefrine
(N) (3 x 10-8 g/ml.) and exposed to (U) or (T) followed by (E). d, Aortic strips oontracted by
tyrarnine (TY) (3 x 10-6 g/ml.) and exposed to desoxycorticosterone (C) (1 x 10-5 g/ml.) and
(U).
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by adrenaline (1 x 10` g/ml.) for 10 to 20 min and exposed to cocaine (1 x 10-O
g/ml.) for an additional 10 min, and then immersed in oil. After return to Krebs
solution and recovery of basal tone the strips were again contracted by adrenaline
(the effect of iproniazid is irreversible), re-exposed to cocaine and in addition treated
with either 17/-oestradiol (1 x 10` g/ml.), progesterone (1 x 10` g/ml.) or desoxy-
corticosterone (1 x 10-5 g/ml.) about 10-20 min before oil immersion. The steroids
greatly reduced the residual rate of relaxation (Table 3b). Traces from a typical
experiment with 17f-oestradiol are shown in Fig. Sa.

TABLE 3. Relaxation of adrenaline (1 x 18 glnl.) contracted aortic strips in oil
Time to relax Multiple of

a. Treatment No. of strips 50% (min) control time
Untreated 26 3.3±0 2
17f-Oestradiol (1 x 10-° glml.) 11 19-3±1-4 5 9
Progesterone (1 x 10-- glml.) 8 5.6±0t5 1-7
Desoxycorticosterone (1 x 10` g "ml.) 7 9.7±0.6 3.0

Time to relax Multiple of
b. Treatment No. of strips 50% (min) control time
Iproniazid plus cocaine (1 x 10 5 g,'ml. ) 22 3.8±0.5

*1.4±0.1
Iproniazid plus cocaine (1 x 1Q-5 g/ml.) 7 *16.4±3.0 11-7

plus 17p-oestradiol (1 x 10-5 g/ml.)
Iproniazid plus cocaine (1 x 10-- g/ml.)

plus progesterone (1 x 10-5 g/ml.) 8 9 5±1i5 2.5
Iproniazid plus cocaine (1 x 10-5 glml.)

plus desoxycorticosterone (1 x 10-5 g,'ml.) 7 21.6±2.5 5.6
Asterisk indicates time to relax 20 rather than 5000/.

0

0

(a) =

A A
0

E io -~~~~~

PE E0PE
FIG. 5. Relaxation in oil of aortic strips previously contracted by adrenaline (A) (1 x 10-8
g/ml.) and phenylephrine (PE) (3 x 10-8 g/ml.). a, Strip contracted twice by (A): left, strip
pretreated with iproniazid and exposed to cocaine (CO) (1 x 10-5 gfml.) before oil immersion;
right, strip re-exposed to (CO) (effect of iproniazid is irreversible) and treated with 17,8-oestra-
diol (E) (1 x 10-5 g/ml.) before oil immersion. b, Strip oontracted twice 'by (PE): left, control
relaxation; right, strip exposed to (E) before oil immersion.
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The effect of 17/3-oestradiol (1 x 1O-` g/ml.) was also studied on the rate of
relaxation in oil of eleven aortic strips contracted twice by phenylephrine (3 x 108
g/ml.), a sympathomimetic amine which is not a substrate for COMT. Strips
relaxed 50% in 10.1 min before and 115 min after treatment with the steroid. This
difference was significant at the 5% level of probability by the one-tailed t test for
paired data. The traces from a typical experiment are shown in Fig. Sb.

Discussion

It was previously reported that hydrocortisone potentiates responses to catechol-
amines but not to other sympathomimetic amines in aortic strips iby inhibiting
COMT (Kalsner, 1969). The enhancement of responses to catecholamines by 17,3-
oestradiol, progesterone and desoxycorticosterone which was observed in the present
experiments appears also to be due to inhibition of O-methylation. Bohr, Brodie
& Cheu (1958) had previously observed that desoxycorticosterone enhanced
responses to adrenaline in aortic strips, but they attritbuted this to an effect on trans-
membrane ion gradients.
COMT is the major mechanism for the inactivation of adrenaline and noradren-

aline in aortic strips, with MAO an effective alternate mechanism for the inactiva-
tion of noradrenaline (Kalsner & Nickerson, 1969a). Known COMT inhibitors
potentiate responses to adrenaline much more than those to noradrenaline (Kalsner,
1969). In the present experiments it was observed that responses to the former
were enhanced much more than those to the latter amine by each of the steroids
investigated. Known COMT inhibitors abolished the enhancing effect of the steroids
and vice versa. In a variety of experiments no difference was detectable between
the enhancing effect of the steroids on responses to adrenaline, noradrenaline,
nordefrine and tyramine and those of known COMT inhilbitors (pyrogallol,
tropolone, U-052 1).

Experiments with the oil immersion technique demonstrated that each of the
steroids decreased the rate at which aortic strips inactivated adrenaline (1 x 10-8
g/ml.). The steroids also slowed the relaxation of adrenaline contracted strips after
inhibition of MAO and uptake and storage processes. It was previously reported
that exposure of strips treated with iproniazid plus cocaine to the COMT inhilbitor,
tropolone, reduced their residual capacity to inactivate adrenaline by 92% (Kalsner
& Nickerson, 1969a). This finding demonstrated that no other independent
mechanism of consequence operates to inactivate adrenaline in aortic strips. Expo-
sure of strips treated with iproniazid plus cocaine to 17/?-oestradiol (1 x 10-5 g/ml.),
progesterone (1 x 10-5 g/ml.) or desoxycorticosterone (1 x 10-5 g/ml.) reduced their
residual inactivation capacity by 92%, 60% and 82%, respectively.

17,/-Oestradiol (1 x 10-5 g/ml.) increased by a factor of 5-9 the time needed for
50% relaxation of untreated strips contracted by adrenaline (1 x 10-8 g/ml.). A
maximally effective concentration of the COMT inhibitor, tropolone, was previously
reported to increase the relaxation time of adrenaline (1 x 10-8 g/ml.) contracted
strips to 2.9 times that of controls (Kalsner & Nickerson, 1969a). These shifts
represent the elimination of 83% and 65% of the capacity of the tissues to inactivate
adrenaline, respectively. Maximal potentiation of responses to adrenaline was
usually produced by 17f3-oestradiol (3 x 10-1 g/ml.). It is possible that 17,/-
oestradiol (1 x 10-5 g/ml.) exerts an additional, but slight, effect to impair inactiva-
tion of sympathomimetic amines by MAO and/or uptake and storage processes.
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Evidence supporting such a possiibility was the finding that 17/-oestradiol (1 x 101
g/ml.) slightly, but significantly, slowed the relaxation of strips contracted by
phenylephrine, an amine which is not a sulbstrate for COMT.

It has been reported that there are cyclic variations in the adrenaline and nor-
adrenaline content of the plasma and uterus of various species (Rudzik & Miller,
1962; Wurtman, Chu & Axelrod, 1963; Wurtman, Axelrod & Potter, 1964; Green
& Miller, 1965; Cha, Lee, Rudzik & Miller, 1965). Wurtman et al. (1964) found
that the amount of adrenaline taken up from the circulation by the rat uterus was
increased after the administration of 17p-oestradiol. The endogenous content of
adrenaline but not of noradrenaline of the heart, spleen and uterus of rats is also
elevated by 17,-oestradiol (Spratto & Miller, 1968). This steroid is reported to be
without effect on phenylethanolamine-N-methyl transferase or the sulbcellular distri-
bution of catecholamines in the uterus (Spratto & Miller, 1968).

It is possible that inhilbition of COMTby 17,8-oestradiol plays some role in the
reported cyclic elevations of tissue and plasma adrenaline. It is known that more
adrenaline than noradrenaline is 0-methylated following the injection of tritiated
amine (Axelrod, Weil-Malherbe & Tomchick, 1959; Whitby, Axelrod & Weil-
Malherbe, 1961). Also, inhibition of COMT interferes with the inactivation of a low
concentration of adrenaline much more than with that of noradrenaline in aortic
strips (Kalsner & Nickerson, 1969a). This appears to be due, at lease in part, to
the effectiveness of MAO as an alternate pathway of noradrenaline inactivation.

It is not known whether the ability of a number of steroid hormones to inhibit
COMT is limited to vascular tissue. In addition, it is possible that the steroids
do not directly inhibit the enzyme but decrease access of sulbstrate to the enzyme
by impairing movement across certain biological membranes. Such a mechanism
of interference with amine metalbolism has previously been invoked to explain the
effects of the /3-haloalkylamines on noradrenaline metabolism (Eisenfeld, Krakoff,
Iversen & Axelrod, 1967; Kalsner & Nickerson, 1969b).

This investigation was supported by a grant from the Medical Research Council of Canada.
I wish to thank Mr. Robert Frew for valuable technical assistanoe and the Upjohn Company
of Canada for supplies of U-0521 and Boehringer Sohn for synephrine.

REFERENCES
AxELROD, J., WEIL-MALHERBE, H. & TOMCHICK, R. (1959). The physiological disposition of H3-

epinephrine and its metabolite metanephrine. J. Pharmac. exp. Ther., 127, 251-256.
BELLEAU, B. & BURBA, J. (1961). Tropolones: A unique class of potent non-competitive inhibitors

of s-adenosylmethionine-catechol methyltransferase. Biochim. biophys. Acta, 54, 195-196.
BoHR, D. F., BRODIE, D. C. & CHEU, D. H. (1958). Effect of electrolytes on arterial muscle contraction.

Circulation, 17, 746-749.
CHA, K. S., LEE, W. C., RUDzIK, A. & MILLER, J. W. (1965). A comparison of the catecholamine

concentrations of uteri from several species and the alterations which occur during pregnancy.
J. Pharmac. exp. Ther., 148, 9-13.

EISENFELD, A. J., KRAKOFF, L., IVERSEN, L. L. & AXELROD, J. (1967). Inhibition of the extraneuronal
metabolism of noradrenaline in the isolated heart by adrenergic blocking agents. Nature, Lond.,
213, 297-298.

FURCHGOTT, R. F. (1955). The pharmacology of vascular smooth muscle. Pharmac. Rev., 7, 183-265.
FURCHGOrr, R. F. (1960). Spiral-cut strips of rabbit aorta for in vitro studies of responses of arterial

smooth muscle. In: Methods in Medical Research, ed. Bruner, H. 0., vol. 8, pp. 177-186.
Chicago: Year Book Publishers, Inc.

GILES, R. E. & MILLER, J. W. (1967). The catechol-O-methyl transferase activity and endogenous
catecholamine content of various tissues in the rat and the effect of administration of U-0521
(3',4'-dihydroxy-2-methyl propiophenone). J. Pharmac. exp. Ther., 158, 189-194.

GREEN, R. D. & MILLER, J. W. (1966). Catecholamine concentrations: changes in plasma of rats
during estrous cycle and pregnancy. Science, N. Y., 151, 825-826.



Steroid potentiation in aortic strips 593

KALSNER, S. (1969). Mechanism of hydrocortisone potentiation of responses to epinephrine and
norepinephrine in rabbit aorta. Circulation Res., 24, 383-396.

KALSNER, S. & NICKERSON, M. (1968a). A method for the study of mechanisms of drug disposition
in smooth muscle. Can. J. Physiol. Pharmac., 46, 719-730.

KALSNER, S. & NICKERSON, M. (1968b). Disposition of phenylephrine in vascular tissue, determined
by the oil immersion technique. J. Pharmac. exp. Ther., 163, 1-10.

KALSNER, S. & NICKERSON, M. (1969a). Disposition of norepinephrine and epinephrine in vascular
tissue, determined by the technique of oil immersion. J. Pharmac. exp. Ther., 165, 152-165.

KALSNER, S. & NICKERSON, M. (1969b). Effects of a haloalkylamine on responses to and disposition
of sympathomimetic amines. Br. J. Pharmac., 35, 440-455.

MAVR1DES, C., MISSALA, K. & D'IORIO, A. (1963). The effect of 4-methyl-tropolone on the meta-
bolism of adrenaline. Can. J. Biochem. Physiol., 41, 1581-1587.

RUDZIK, A. D. & MILLER, J. W. (1962). The effect of altering the catecholamine content of the
uterus on the rate of contractions and the sensitivity of the myometrium to relaxin. J. Pharmac.
exp. Ther., 138, 88-95.

SPRATrO, G. R. & MILLER, J. W. (1968). An investigation of the mechanism by which estradiol-17,
elevates the epinephrine content of the rat uterus. J. Pharmac. exp. Ther., 161, 7-13.

WHITBY, L. G., AXELROD, J. & WEIL-MALHERBE, H. (1961). The fate of H3-norepinephrine in animals.
J. Pharmac. exp. Ther., 132, 193-201.

WURTMAN, R. J., CHU, U. & AXELROD, J. (1963). Relation between the oestrous cycle and the
binding of catecholamines in the rat uterus. Nature, Lond., 198, 547-548.

WURTMAN, R. J., AXELROD, J. & POTTER, L. T. (1964). The disposition of catecholamines in the rat
uterus and the effect of drugs and hormones. J. Pharmac. exp. Ther., 144, 150-155.

ZELLER, E. A. & BARSKY, J. (1952). In vivo inhibition of liver and brain monoamine oxidase by 1-
isonicotinyl-2-isopropyl hydrazine. Proc. Soc. exp. Biol. Med., 81, 459-461.

(Received January 7, 1969)


