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Control of Catecholamine Release and Degradation by the Glucocorticoids

The important role of glucocorticoids for adrenaline
biosynthesis is well established by the extensive studies
of WurtmMAN and AXELRODY2 The presence of these
hormones induces the activity of enzyme phenylethanol-
amine-N-methyl transferase (PNMT) in normal animals3:.
The inactivation of the adrenal cortex by hypophys-
ectomy follows a marked reduction in adrenal PNMT
activity %2, In our recent study we found that the gluco-
corticoids act as a rate limiting factor for the enzyme of
catecholamine degradation (monoamine oxidase)? in
normal rats. The present investigation was performed to
see the possible role of glucocorticoids on catecholamine
release and urinary excretion. Metopirone, a potent
inhibitor of 11-g-hydroxylase in the biosynthesis of
corticosteroids®—°, was utilized as a tool to block the
biosynthesis of these hormones. We found that the in-
hibition of glucocorticoid hormones completely changes
the pattern of urinary excretion of free adrenaline and
noradrenaline in normal rats. The blood catecholamines,
plasmatic glucose and hepatic glycogen are also highly
affected. The experiments about the association of gluco-
corticoids in catecholamine metabolic degradation were
also performed by measuring urinary excretion of vanyl-
mandelic acid (VMA) and the activities of enzymes
monoamine oxidase (MAO) and catechol-O-methyl
transferase (COMT) in the adrenal gland.

Materials and wmethods. Male albino rats weighing
250 + 25 g were utilized in all the experiments. The age
of the rats ranged from 12 to 13 weeks and they were

housed at a constant temperature of 22°C with 12 h dark |

and light exposures. The rats were adrenalectomized or
hypophysectomized under ether anaesthesia. The adrenal-
ectomized rats were maintained on 0.99 saline for
drinking and regular commercial laboratory food. The
hypophysectomized rats received 59, sucrose water for
drinking for 3 weeks after the operation. The adrenalecto-
mized and hypophysectomized rats were utilized for
experiments 3 and 4 weeksafter theoperation, respectively.
The urine was collected in acid washed glass metaholic
cages for the period of 24 h by meodification® of the
technique of EuLEr and LisHajkoll. The normal rats
were administered with 50 mg of Metopirone R (Ciba)
i.p. just before placing in metabolic cages for 24 h collec-
tion of urine. The hypophysectomized rats were injected
only once with 4 IU of ACTH Retard (Endopancrine) at
the time they were placed in metabolic cages. For tissue
and plasma studies separate groups of rats received
50 mg of Metopirone 1.p. 20 m! of heparinized blood from
5 rats was used for single determination of adrenaline.
4 ml blood was withdrawn from aorta of each rat under
light ether anaesthesia and pooled in a centrifuge tube
containing 4 ml 29 sodium fluoride and 39, sodium
thiosulfate mixture1?. The tissues for enzyme and glycogen
studies were immediately excised in chilled 0.99, KCland
60%, KOH respectively. Catecholamines in blood and
urine were isolated by column chromatography using
acid-activated aluminium oxide!3. Adrenaline and nor-
adrenaline were assayed differentially by spectrofluoro-
metric methods™ utilizing trihydroxindole reaction.
Urinary VMA was measured spectrophotometrically ** by
conversion of VMA to vanillin '6-18, Hepatic glycogen was
assayed by KOH hydrolysis and conversion to glucose!®.
Plasmatic glucose was measured by the technique of
HuccerT and N1xon 2? utilizing glucose oxidase (Biotrol).
Enzymes MAO and COMT in the adrenals were assayed
by radiometric methods using 4C-tryptamine and *C-S-
adenosyl methionine respectively?-22. The enzyme
activities are directly expressed in disintegrations per

min (dpm) as the dpmextracted represented linear pro-
portionality between pmoles of product extracted and
enzyme activity. The statistical analysis were performed
by FisHER’s Student /-test. The mean values are expressed
with standard error of the Mean.

Results. Table I indicates the effects of glucocorticoid
inhibition by metopirone administration on urinary
excretion of adrenaline and noradrenaline. The mean
values -+ SEM express the urinary excretion of these
two catecholamines/kg body wt./24 h. The percentage
ratios of adrenaline and noradrenaline to total amount of
adrenaline 4 noradrenaline are also calculated to show
the shifts in pattern of urinary excretion during meto-
pirone treatment to normal and adrenalectomized rats.
One injection of 50 mg Metopirone to normal rats pro-
duced significant shifts in adrenaline and noradrenaline
excretion. 24 h after single injection of metopirone
adrenaline urinary excretion rose by 809, while noradren-
aline declined by 639, of their control values. Metopirone
administration to adrenalectomized rats did not change
noradrenaline excretion but adrenaline in urine rose
significantly (P < 0.001). There were highly significant
rises in blood adrenaline during few hours of metopirone
administration to normal rats (P < 0.001). At 1.5, 2 and
3 h adrenaline in blood rose by 40, 60 and 4009, from
control levels respectively. The similar treatment to
adrenalectomized rats failed to produce any rise of
statistical significance in blood adrenaline. The mean
values for plasmatic glucose became 143, 200 and 2049,
of their control levels in normal rats after 15 min, 1 h and
2 h of metopirone administration. The same dose of
metopirone under similar circumstances to adrenalecto-
mized rats did not produce any change in blood glycemia
from their control values. The rises in glycemia observed
in control rats were followed by fall in hepatic glycogen
as it declined by 35, 58, 82 and 999, at 30, 60, 110 and
120 min after administration of metopirone.
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Table II shows the activities of enzyme MAO and
COMT in adrenal gland during 8 h of metopirone admin-
istration in dpm. At 1/,, 4 and 8 h the activity of MAO rose
to 111, 180 and 1409, of its control values. The COMT
activity also rose by 6, 30 and 1009, during the above
intervals. The urinary excretion of VMA /kg body wt./24h
in control, adrenalectomized and hypophysectomized rats
injected with 4 IU of ACTH is also indicated in Table TI.
Hypophysectomy and adrenalectomy produced respective
rises of 20 and 60%, in VMA excretion. The treatment with
ACTH only once declined the excretion of VMA to
control level in hypophysectomized rats.

Discussion. Our results show that the decline in gluco-
corticoid = concentration or their complete absence
produces significant shifts in urinary and plasmatic
catecholamines. These shifts in catecholamine excretion
and release are immediately followed by their respective
effects on hepatic glycogen and plasma glucose. Early
studies2® suggested that hormones of the adrenal cortex
and catecholamines act as a single physiological unit.
Many effects of catecholamines cannot be induced in the
absence of corticosteroids?t. HOKFELT? reported that
ACTH treatment influences the catecholamine levels in
adrenals and heart. Studies performed during past few
years provide sufficient evidence that the adrenal
glucocorticoid hormones are of primary significance for
the physiology of medullary chromaffin cells?. The
decline in the concentration of glucocorticoids due to
hypophysectomy severely effects adrenaline stores of
adrenal gland??>-28. The urinary excretion of adrenaline
and noradrenaline in hypophysectomized humans during
corticoid therapy provide supporting evidence that these
hormones regulate excretion of catecholamines?®. The
studies on the role of glucocorticoids on adrenaline
storage in adrenals or the maintenance of adrenal PNMT
activity provide contrary evidence in catecholamine
excretion, release and metabolism 2: 27, The inactivation of
adrenal steroidogenesis by hypophysectomy declines the
adrenal stores of adrenaline and PNMT activity signifi-
cantly 24 The administration of hydrocortisone or dexa-
methasone to hypophysectomized animals could maintain
adrenal PNMT activity and adrenaline stores at control
levels? 4, But the decline in glucocorticoids increases MAO
and COMT activities. This suggests that these two
enzymes, contrary to PNMT, have different hormonal
specificities. PNMT is induced by glucocorticoids while
MAO and COMT are inhibited by them. The higher
urinary excretion of VMA in hypophysectomized and
adrenalectomized rats provides good evidence for this
observation. Recent studies3®3! clearly indicate that
adrenalectomy is followed by marked increase in cardiac
MAO. Our experiments in progress show that adrenal-
ectomy or hypophysectomy of the rat and rabbit foetuses
or new-born results in significant rises in MAO and COMT
activities in most of the body organs including the cere-
bral tissues.

Our preference for the use of Metopirone was based on
the fact that it blocks the biosynthesis of corticoids
immediately after its infusion and reduces cortisol to
zero in just 4 h® The rise in adrenaline urinary excretion
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after blocking glucocorticoid biosynthesis reflects that the
presence of these hormones limits the excretion of adren-
aline in blood which is the main source of urinary excre-
tion of adrenaline®. The significant rise in urinary
adrenaline of adrenalectomized rats after metopirone
administration suggests that adrenaline from other
sources of the body3? was released by inhibition of extra-
adrenal glucocorticoids. The rises in VMA excretion after
hypophysectomy or adrenalectomy seem to be comparable
with the concentrations of glucocorticoids in these two
conditions. The corticoids are at the lowest level following
adrenalectomy, while in hypophysectomized animals the
adrenal cortex still functions and synthesizes these
hormones at a lower intensity.

As the possible mechanisms by which glucocorticoids
inhibit MAO and COMT activities, it could be suggested
that the corticoids interfere with the synthesis of new
enzyme protein. It appears that these hormones exert
their effects at the level of RNA transcription from
DNAS34,

These observations suggest that glucocorticoids which -
induce biosynthesis of adrenaline are equally important
for the rate limiting control of catecholamine release,
excretion and degradation.

Résumé. Nous avons étudié l'influence de I'inhibition
de la biosynthése des glucocorticoides par la Métopirone,
sur la libération, la dégradation et I'excrétion des caté- .
cholamines chez le rat. Les résultats montrent qu’une
diminution du taux de corticcides circulants chez des
animaux normaux affecte profondément lexcrétion uri-
naire de l’adrénaline et de la noradrénaline. L’adrénali-
némie est quadruplée quand le taux des corticoides est
minimum. L'excrétion du VMA est augmentée de méme
que les activités monoamine-oxidase et catéchol-o-méthyl
transférase.
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The Influence of Secretin on the Elimination of ¥C-Edrophonium in Bile

Although 4C-edrophonium is mainly eliminated in bile
as a glucuronide conjugate, small amounts of the un-
changed drug can also be identified®. Biliary excretion
of 14C-edrophonium (but not of its metabolites) is in-

fluenced by the route of intravascular administration;
after injection into the hepatic arterial tree, the propor-
tion of the unchanged drug eliminated in bile is signific-
antly greater than after i.v. injection2 The results of



