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ABSTRACT: Potentiation of hypoxic pulmonary vasoconstriction by a low
dose of almitrine bismesylate (1 pg-kg™-min™) was evaluated in terms of blood
chemical mediator concentrations. Time course changes in the blood concen-
trations of adrenaline, noradrenaline, serotonin, histamine, thromboxane
TXB, and 6-keto-PGF, were monitored after administration of almitrine
bismesylate for 15 min at 1 pig-kg’-min™) in hypoxic and normoxic beagles.
The low almitrine dose significantly increased TXB, levels in hypoxic
beagles, but the levels remained virtually unchanged in the normoxic
animals with almitrine bismesylate and in the hypoxic animals with
solvent. TXB, levels did not increase when the almitrine infusion was
increased to § pg-kglmin for 15 min in hypoxic conditions. These findings
suggest that almitrine is involved in arachidonic acid metabolism at a low
rate of infusion and that thromboxanerelease from hypoxic areasof the lung
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may cause local vasoconstriction.
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Almitrine bismesylate has been shown to improve
arterial O, tension and therefore improve tissue oxygena-
tion in patients with chronic obstructive lung disease
(COLD) or acute respiratory failure. It has also been
found to have an effect on the pulmonary circulation at
low-dose levels resulting in improvement of blood gas
tensions without any increase in ventilation [1, 2]. Stud-
ies conducted using radioisotopic [3] and multiple inert
gas methods [4, 5] have suggested that almitrine im-
proves blood gases by correcting ventilation/perfusion
inequalities. Animal studies have led to the hypothesis
that almitrine enhances hypoxic pulmonary vasoconstric-
tion (HPVC) [6]. In particular, almitrine has been shown
to enhance HPVC at low-dose (3 pg-kg ! -min! or below)
[7]. However, the mechanism of action still remains un-
known.

Many authors have investigated the role of various
chemical mediators in the mechanism of HPVC, but only
a few studies are available on the relationship between
almitrine and chemical mediators. Only prostacyclin has
been shown to be released by almitrine [8, 9], but since
prostacyclin is a vasodilator, it is not known how it may
be related to the mechanism of action of almitrine. In the
present study we evaluated the effect of low doses of
almitrine on blood concentrations of various possible
mediators for HPVC (catecholamines, serotonin, hista-
mine and thromboxane), as well as 6-keto-PGF,, a
metabolite of prostacyclin. Changes in various haemody-
namic parameters were also recorded.

Methods

Muscular paralysis was induced with 2 mg of pancu-
ronium bromide (i.v.) in beagles (body weight: 10-15
kg) anaesthetized with 20 mg-kg! of pentobarbital (i.v.).
A cuffed endotracheal tube was then inserted in order to
ventilate the animals with room air at 15 mlkg! (20
times per min) using an animal respirator (R-60, Aika
Co., Tokyo). The animals were kept in a supine position
and a polyethylene catheter was inserted into the femoral
artery in order to determine arterial pressure and facili-
tate blood collection. In addition, the anterior cubital veins
were catheterized in order to infuse pentobarbital (5
mg-kg'-h'"), pancuronium bromide (0.06 mg-kg-h'!) and
almitrine or solvent. A Swan-Ganz catheter was inserted
into the pulmonary artery through the right jugular vein.
Pressures were determined using Statham P23 pressure
transducers and continuously recorded using a physio-
logical recorder (Polygraph Type 361, San-Ei instrument
Co., Tokyo). Arterial blood samples were immediately
analysed using a blood gas analyser (ABL 3, Radiome-
ter, Copenhagen). Cardiac output was measured by ther-
modilution. Pulmonary vascular resistance (PVR) and
systemic vascular resistance (SVR) were calculated by
dividing [mean pulmonary arterial pressure (Ppa)-mean
pulmonary capillary wedge pressure (Ppcw)] and [mean
systemic arterial pressure (BP)-right atrial pressure (Pra)],
respectively, by cardiac output.
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Experimental design

The animals were divided into three groups: 1) infu-
sion of almitrine bismesylate (1 pgkg'-min?) under
hypoxic conditions (n=6); 2) infusion of almitrine bis-
mesylate (1 pgkg'-min'') under normoxic conditions
(n=6) and; 3) infusion of the solvent under hypoxic
conditions (n=5). After preparation, all of the animals
were ventilated with room air for approximately 30 min,
The experiment was started when the haecmodynamic para-
meters were stable. Animals in the hypoxic and normoxic
groups were continuously ventilated for 60 min using
12% oxygen and room air, respectively. Haemodynamic
parameters were determined and blood samples were
obtained at the same time for measurement of chemical
mediators and for blood gas analysis (control period).

Statistics

All data are presented as meantsg. Statistical analysis
was performed using two-way analysis of variance for
repeated measurements, followed by Scheffe’s test and
Student’s paired t-test.

Results

Almitrine bismesylate induced no significant change
in arterial blood pH, carbon dioxide tension
(Paco,) and oxygen tension (Pao,) when administered
at 1 pg-kg!min!' under normoxic and hypoxic mechani-
cal ventilation (table 1).

Almitrine bismesylate (1 pgkg'-min!) or solvent @9 To—Anerial bl:_)od gas analyeas
(0.6% malic acid diluted with 10% glucose solution) was :
then infused at a rate of 0.5 ml-kg’g‘-IS min’!, Measure- fd pH PSZ’ i‘&
ment of haemodynamic parameters and blood sampling = = = -
was conducted 5, 10, 15, 30 and 45 min after the start of ~ Hypoxia  Control ~ 7.344£0.02 4.74£0.11 6.52+0.22
infusion. All blood samples for assay were immediately 12%0,  Almitrine 7.36+0.01 4.64+0.15 6.72+0.20
cooled and centrifuged. The plasma was stored at -70°C
until used for chemical assay of the six mediators. Normoxia Control 7.3640.01 4.7240.20 11.84+0.37
Almitrine bismesylate was infused at 5 pg-kg--min-! 21%0,  Almitrine 737+0.01 4.65+0.13 12.4+0.42

for 15 min into another five dogs under hypoxic condi-
tions and thromboxane (TX) B, and 6-keto-PGF, ~ were
determined.

Chemical assay

Adrenaline and noradrenaline levels were determined
by fluorometry following separation using high perform-
ance liquid chromatography (HPLC). Serotonin was
measured by HPLC using an electrochemical detector,
whilst histamine was determined by fluorometry using a
spectrophotofluorometer and the ortho-phthalaldehyde
method. TXB, and 6-keto-PGF , which are stable
metabolites of ’12)(}3\2 and prostacyclin, respectively, were
isolated according to a modification of the method of
PoweLL [10]. Radioimmunoassay kits, (*?°) (NEN,
Boston) were used for the determination of TXB, and 6-
keto-PGF .

Table 2. — Haemodynamic variables

Paco,: arterial carbon dioxide tension; Pao,: arterial oxygen
tension. Each value represents the meantse of the individual
maximal values before (control) and after the infusion of
almitrine bismesylate (1 pg-kg™min™). )

Although almitrine bismesylate significantly increased
pulmonary arterial pressure (Ppa) and pulmonary vascu-
lar resistance (PVR) at 1 pg-kg'-min™! pulmonary capil-
lary wedge pressure (Ppcw), cardiac output t) and
systemic vascular resistance (SVR) remained unchanged
(table 2). Almitrine infusion caused a sustained slight
increase in the Ppa value under hypoxic conditions but
the increase was transient under normoxic conditions. In
the solvent group under hypoxic conditions there were
no significant haemodynamic changes.

Blood catecholamine, serotonin and histamine levels
remained unchanged after the administration of almitrine
bismesylate at 1 pg-kg'-min™' in all groups (figs 1A, B,
C and D). TXB,, however, increased significantly in the

_QT

Period Ppa Ppew PVR SVR
mmHg mmHg I'min’! dyne-s-cm’® dyne-s-cm™
Hypoxia Control 292418  10.6+1.7  3.4240.19 436.3£38.3 32444253.1
12% Oz Almitrine 31.6+1.5% 11.6%2.6 3.46+0.11 507.2439.4* 3246+230.9
Normoxia Control 215424 82+1.3 3.22+0.28 348.4+£59.9 30821326.6
21% O, Almitrine 25.1423*%  8.6£1.9  3.23%0.26 434.1448.1*  3198+246.8

Ppa: pulmonary artery pressure; PVR: Ppcw: pulmonary capillary wedge pressure; QT: cardiac output; PVR: pulmonary vascular
resistance; SVR: systemic vascular resistance. Each value represents the meantsg of the individual maximum values before (control)
and after the infusion of almitrine bismesylate (1 pg-kg'min). *: p<0.05; significantly different from the control period.
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Fig. 1. — Concentrations of chemical mediators during and after almitrine or solvent infusion. A: adrenalinc; B: noradrenaline; C:

serolmm. D: histamine; E: thromboxane B
pgkg 'min); o----0
the control period.

F: 6-keto-PGF| 0. p——o hypoxmﬂhmtnnc (1 pgkg'minl)y; —
hypox:a+sclvenl O0—-.—0: hypox:a+ahmlnne (5 pgkg lmin'); *: p<0.05; **: p<0.01 significantly different from

: normoxia+almitrine (1
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almitrine bismesylate (1 pg-kg-min-!) group under hy-
poxic conditions, reaching a level about 6 (imes
higher than the control 30 min after the start of infusion.
This change was not seen when almitrine bismesyl-
ate (5 pgkg!'-min!) or solvent was infused in hypoxic
conditions or almitrine bismesylate (1 pgkg'-min’)
was infused in normoxic conditions (fig. 1E). 6-keto-
PGF, 0. showed a tendency to increase in the almitrine
bismesylate (1 pg-kg™-min™ and 5 pg-kg'-min’') groups
under hypoxic conditions, but the increase was not sig-
nificant. There was no significant change in the almitrine
bismesylate (1 pg-kg-min!) normoxic group or in the
solvent hypoxic group (fig. 1F).

Discussion

Several chemical mediators, such as catecholamines,
serotonin, histamine and prostanoids, have been linked
with hypoxic pulmonary vasoconstriction (HPVC). Cur-
rently, however, these mediators are not thought to be
highly involved in the onset of HPVC [11, 12]. In fact,
the present study showed no significant change in any
chemical mediator in the solvent group under hypoxic
conditions. However, almitrine bismesylate, when infused
at 1 pg-kg'-min™ significantly increased TXB, but none
of other chemical mediators measured in the present study.
Prostacyclin, which had already been shown to be re-
leased by almitrine [8, 9], also demonstrated a tendency
to increase as judged by 6-keto-PGF | in the present study.
This increase, however, o did not reach statistical signifi-
cance. Both prostacyclin and TXA, are prostaglandin
endoperoxide products in the cyclooxygenase pathway.
Prostacyclin is a potent vasodilator, while TXA, is a
potent vasoconstrictor. The fact that almitrine influences
these two different prostanoids as judged by the stable
metabolites suggests that it affects the arachidonic acid
metabolic pathway by causing phospholipid breakdown.

Exogenous administration of arachidonic acid, a pre-
cursor of prostanoids, may result in the formation of both
vasodilating and vasoconstricting prostanoids in the lungs
[13, 14]. The resulting responses to the prostaglandin
precursors are dependent on the substrate concentration,
rate and method of administration, activity of biosyn-
thetic enzymes and basal pulmonary vascular tone. There
may also be species differences. For this reason, pulmo-
nary blood vessels showed different reactions to the
administration of arachidonic acid depending on the
experimental conditions [13]. In particular, arachidonic
acid was associated with a depressor response when
pulmonary vascular resistance was initially high [13, 14].

Almitrine has been shown to improve Pao, in patients
with COLD [15-17] or acute respiratory failure [18].
This is sometimes associated with an increase in pulmo-
nary arterial pressure, especially after a single dose [15,
16, 18, 19], whilst long-term administration for one year
did not show any increase [17]. In animal experiments
the effect of almitrine has been variable, It has been
shown to potentiate HPVC [6], to have little effect {20,
21] or in some cases to dilate pulmonary blood vessels
which were markedly constricted by hypoxia [22, 23].

These inconsistent findings may be explained by
differences in doses of almitrine, the rate and mode of
administration, basal pulmonary vascular tone, individ-
ual variability or the animal species used. In fact, in the
present study, almitrine caused an increase in pulmonary
arterial pressure in the hypoxic group, however, the
magnitude of increase was smaller than in the normoxic
group, in which the pulmonary blood vessels were pre-
constricted.

Nakanisti et al. [7] found that almitrine affected
HPVC in different ways depending on its rate of
infusion. They subjected the left lower lobe of dogs
to hypoxic challenge using a separate ventilation tech-
nique and monitored changes in blood flow in the left
lower lobe after administration of almitrine bismesylate.
Blood flow in hypoxic areas decreased significantly in
the 1 pgkg'min group, whilst no change was ob-
served in the 5 pgkg'min! group. In the present
study, almitrine bismesylate significantly increased TXB,
under hypoxic conditions when it was administered at a
low-dose (1 pgkg?!-min'), but this change was not seen
under normoxic conditions or in the 5 pg-kg-min™! group.
These findings suggest that almitrine, when administered
at a low-dose (1 pg-kg:min?), releases thromboxane se-
lectively in hypoxic areas and causes local vasoconstric-
tion, returning the overall pulmonary ventilation/blood
flow ratio towards normal.

The lungs, however, are able to produce many
vasoconstricting or vasodilating arachidonic acid metab-
olites in addition to thromboxane and prostacyclin, In
addition to products of the cyclooxygenase pathway,
leukotrienes and lipoxygenase intermediates also strongly
constrict blood vessels [24, 25]. In the present study,
pulmonary arterial pressure showed transient increases
in the 1 pg-kg'-min’! almitrine bismesylate group treated
under normoxic conditions, although neither TXB, nor
6-keto-PGF,, showed any significant changes. Increases
in pulmonary arterial pressure under normoxic condi-
tions with almitrine has also been reported by other
authors [22, 23]. Other arachidonic acid metabolites which
were not determined in the present study may be in-
volved in this increase in pulmonary arterial pressure.
Further studies are needed to clarify the relationship
between almitrine and arachidonic acid metabolism.
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RESUME: La potentialisation de la vasoconstriction pulmon-
aire hypoxique, par une faible dose de bismesylate d’almitrine
(1 pgkg-min) a été évaluée par les dosages des concentrations
sanguines des médiateurs chimiques. Nous avons évalué les
modifications dans la temps des concentrations sanguines
d'adrénaline, de noradrénaline, de sérotonique, d’histamine, de
thromboxane (TX) B, et de 6-keto-PGF t, aprés administra-
tion de bismeylate d’almitrine pendant 15 minutes 4 raison de
1 pgkgmin chez des chiens “beagles” hypoxiques et
normoxiques. La faible dose d’almitrine a augmenté significa-
tivement les niveaux de TXB, chez les beagles hypoxiques,
mais les niveaux sont resté virtuellement inchangés chez les
animaux normoxiques traités par le bismesylate d'almitrine, et
chez les animaux hypoxiques traités par le solvant. Les niveaux
de TXB, n'ont pas augmenté lorsque 'infusion d'almitrine a
été donnée & la dose de 5 pg-kg:min pendant 15 minutes dans
les conditions hypoxiques. Ces observations suggérent que
I'almitrine est impliqué dans le métabolisme de 1’acide ara-
chidonique lors dinfusions a faible taux, et que la libération de
thromboxane en provenance des zones pulmonaires hypoxiques
pourrait provoquer une vasoconstriction locale.



