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Thrombin exhibits a pattern of relcase and metabolism of
5-HT different from that of reserpine (Figures 1 and 2)312,
In the presence as well as in the absence of Cat*, throm-
bin causes a rapid loss of 5-HT from isolated blood plate-
lets. The liberation of the amine is much more rapid than
with reserpine, being maximal within 15 min {(according
to preliminary experiments already after 2 min). As
found by previous authors with another buffer {(NaCl-
Tris) %, the thrombin-induced 5-HT liberation is more
marked in the presence of Catt+. Thus with thrombin
+ CaCl, the platelets lose about 959, of the original 5-HT
and simultaneously coarse platelet aggregates are formed.
On incubation with thrombin alone, about 759, of the
5-HT leaves the platelets; aggregation is in general very
fine and often cannot be seen macroscopically. Aiter 15
min, practically all the 5-HT liberated from the platelets
is identified in the incubation fluid and no appreciable
amounts of metabolites are detectable with the spectro-
photofluorimetric method. After 1 and 2 h, about 2 and
10-15%, respectively of the liberated 5-HT can be recov-
ered as 5-hydroxytryptophol and 1-29, as 5-hydroxy-
indoleacetic acid. Both these metabolites have been
identified by paper chromatography®3, Their formation
explains the slight decrease in 5-HT in the ircubation
medium between 15 min and 2 h.

The experiments show that after thrombin the 5-HT
leaves the platelets very rapidly without being metabo-
lized initially. If the liberated 5-HT remains in contact
with the thrombocytes, however, part of it is secondarily
transformed into 5-hydroxytryptophol and to a minor
extent into 5-hydroxyindoleacetic acid. Both these
metabolites derive from S5-hydroxyindoleacetaldehyde,

Inhibition of Acute Effects of Hydralazine by an
Adrenergic S-Receptor Blocking Agent

Some of the acute effects of hydralazine such as reduc-
tion of peripheral resistance, tachycardia and coronary
dilatation, resemble the effects that would result from
stimulation of adrenergic f-rcceptors. We, therefore, at-
tempted to inhibit these effects of hydralazine by ad-
ministration of an adrenergic f-receptor blocking agent,
pronethalol.

Blood pressure and heart rate were measured in the
unanaesthetized trained dog, in the pentobarbital-
anaesthetized! dog and in the allobarbital-urethane
anaesthetized? cat. Blood pressure, heart rate, total
coronary flow and oxygen saturation in arterial and
coronary venous blood were measured in the allobarbital-
urethane-anaesthetized ? cat. Tor these experiments the
open-chest, right heart bypass preparation with fixed
cardiac output was used?® Oxygen saturation was meas-
ured by a photometric method. Doses of the substances
used are given in Tables I and II.

In the unanaesthetized dog hydralazine reduced blood
pressure and increased heart rate. Pronethalol, in a dose
which has no pronounced influence on blood pressurc or
heart rate, inhibited these effects (Table I). In the
anaesthetized dog and cat, hydralazine produced no
tachycardia. The blood pressure fall was more pro-
nounced in the anaesthetized than in the unanaesthetized
dog. Administration of the f-blocker in the anacsthetized
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the product of oxidative deamination of 5-HT by mono-
amine oxidase. In the absence of major amounts of
crythrocytes, which probably contain aldehyde oxidase,
the 5-hydroxyindoleacetaldehyde is mainly converted to
5-hydroxytryptophol? These findings demonstrate there-
fore that monoamine oxidase is probably still active in
platelets aggregated by thrombin. They furthermore indi-
cate the possibility that 5-hydroxytryptophol formation
might alsoc occur in vivo, e.g. in white thrombi which con-
tain only few erythrocytes.

Zusammenfassung. In isolicrten Blutplittchen wvon
Kaninchen bewirkt Thrombin rasche und hochgradige
Freisetzung von unverdndertem 3-Hydroxytryptamin,
welches durch weiterc Inkubation sekundir teilweise zu
5-Hydroxytryptophol und 5-Hydroxyindolessigsdure um-
gewandelt wird. Nach Reserpin scheint hingegen ein Teil
des 53-Hydroxytryptamins bereits bei seiner Freisetzung
zu diesen Metaboliten abgebaut zu werden.

M. pa Prapa, G. BARTHOLINI,
and A. PLETSCHER

Medizinische Forschungsabteilung,
F. Hoffmann-La Roche & Co. AG,
Buasel (Switzerland), December 14, 1964.

2 J. R, Garxter, D. P. Jackson, and E. W. Wavnert, Bull.
Johns Hopk, Hosp. 777, 185 (1962).

13 F. MarkwarpT and W, BARTHEL, Arch. exp. Path., Pharmak. 249,
176 {1964},

dog, did not inhibit, but ecnhanced the hypotensive effect
of hydralazine.

Coronary flow was markedly increased by hydralazine
and, as oxygen consumption remained unchanged, oxygen
extraction decreased correspondingly. In the doses used,
pronethalol had no pronounced effect on the parameters
measured. Pronethalol abolished the effect of hydralazine
on coronary flow. In addition, oxygen consumption,
which was not influenced by either compound given
singly, was markedly reduced. Therefore, oxygen extrac-
tion remained low in spite of the return of coronary flow
towards normal levels.

The effect of pronethalol is apparently different in the
anaesthetized and in the unanaesthetized dog. An in-
crease in heart rate in the unanacsthetized and a decrease
in heart rate in the anaesthetized dog were seen. The
blood pressure and heart rate cffects of hydralazine were
inhibited in the unanaesthetized dog by pronethalol,
while the hypotensive effect was enhanced in the
anaesthetized dog and cat.

The effect of hydralazine on coromary flow was an-
tagonized by proncthalol. The effect on oxygen consump-
tion may have been antagonized, if we assume that the

1 Nembutal, Abbott; 25 mg/kg i.v.

2 Dial, CIBA; 35 mg/kg i.p. + 35 mgfkg s.c.

3 8. RouBaArp, G. R, Grauawm, and F, Wirriaus, J. appl. Physiol.
6, 311 (1953).
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Table I. Influence of pronethalol on the effects of hydralazine in the dog and cat

Control values Hydralazine mg/fkg i.v. Pronethalol mgfkg i.v.

BP HR BP HR BP HR

Dog, unanaesthetized trained 1.0 1.0

1334 5 104 4+ 9 (13) 1164 5 237 4+ 14 (13) — —

138 + 7 954+ 17  (6) 115+ 7 223423 (0) 137+ 8 162 £ 11 (6)

128+ 9 98+ 6 (8) — — 135 £ 6 1224 5 (8)

Dog, pentobarbital sodium anaesthesia 25 mgfkg i.v. 1.0 1.0

144 + 2 163+ 10  (3) 102 + 10 1554+ 5 (3) 754+ 6 1334+ 9 (3)

112+ 6 168+ 2 (3) — — 100 + 23 154+ 9 (3)

Cat, allobarbital-urethane anaesthesia» 0.3 1.0

154 413 183 4- 15 4) 121 4+ 11 192426 (4) — —_—

145 + 11 178 £ 11 (7) 116+ 6 180+ 15 (7) 9 4+ 6 137 4-11 (7)

1394 8 194 4 9 (7) — — 154+ 6 1454+ 8 (7)

» Dial CIBA, 35 mgjkg s.c. + 35 mg/kg i.p. BP = blood pressure in mmHg. HR = heart rate in beatsjmin, The order of injection of the
compounds studies is given in the Table from left to right. Values given are means 4= SIE of the maximal effects. Number of experiments

given in brackets.

Table II. Influence of pronethalol on the effects of hydralazine in the cat

BP HR CF O,- 0,- BP HR CF 0O,- Oy~ BP HR cr Oy~ Oy
Ext. Cons. Ext. Cons. Lixt, Cons,

Control values Hydralazine 3 mg Pronethalol 10 mg

107 198 122 79 13.8 81 219 300 38 15.4 83 179 141 45 8.8

+12 4 24 + 15 +1 + 1.8 +7 + 26 + 93 4+ 6 + 3.4 +7 + 17 4- 24 +6 -+ 0.9

® {4) )

114 174 106 60 11.0 - - - - - 113 157 97 54 9.1

45 4+ 15 + 11 +5 + 1.1 +0 + 16 45 + 1 4+ 1.3

4) 8]

BP = blood pressure in mmHg. HR = heart rate in beats/min. CF =

total coronary flow in mlf100 g heart weight « min, Oy-Ext. = myo-

cardial oxygen extraction in % of maximal saturation, O,-Cons. = myocardial oxygen consumption in mlf100 g« min, Other values as in
Table 1.

oxygen consumption under the influence of hydralazine
is relatively high in view of the reduced cardiac work
load.

1t seems unlikely that the effect of hydralazine on blood
pressure and peripheral resistance is exclusively the result
of a direct stimulation of adrenergic f-receptors. f-
receptor blockade (isoproterenol antagonism) is demon-
strable in isolated organ preparations; and, in the same
dose range, in the anaesthetized and unanaesthetized
animal. Antagonism of the hypotensive cffect of hydrala-
zine was, however, scen only in the unanaesthetized
animal. In chronic experiments in renal hypertensive
rats, the hypotensive effect of hydralazine after repeated
injections could be inhibited by simultaneous administra-
tion of pronethalol4,

It has been shown that pronethalol inhibits the uptake
of catecholamines into tissue stores® Therefore, the
pressor effect of endogenous catecholamines may be
potentiated through a cocaine-like mechanism. It has
been postulated that hydralazine as well as other hypo-
tensive agents causes an increase in sympathetic dis-
charge by some reflex mechanism® This effect may be
more pronounced in the unanaesthetized animal. In this
case, the inhibition of the effects of hydralazine on blood
pressure could be explained by a cocaine-like mechanism
of action; and the inhibition of its actions on the heart by
direct blockade of g-receptors.

A central site of action as a component of the mecha-
nism of action of proncthalol cannot, however, be ex-
cluded. This possibility is suggested by the differences in
the results in anaesthetized and unanaesthetized animals,

Zusammenfassung. Dic durch Hydralazin ‘verursachte
Blutdrucksenkung und Tachycardiec am wachen Hund
wurde durch Pronethalol antagonisiert. Am narkotisierten
Tier anderte Hydralazin die Herzfrequenz nicht, sondern
filhrte zu einer Drucksenkung, die durch Pronethalol
verstirkt wurde. Hydralazin steigerte an der narkoti-
sierten Katze den Coronardurchfluss. Dieser Effckt wurde
durch Proncthalol aufgchoben. In den verwendeten
Dosen hatte Pronethalol auf die gemessenen Grissen
keine Eigenwirkung.
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