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The effect of indapamide on neurogenic constrictor responses was examined in an isolated
segment of rat tail artery perfused by blood from intact rats and rats with surgically removed
adrenal medulla. It was found that adrenal demedullation abolishes reduction in neurogenic
constrictor responses of the arterial segment observed under the effect of indapamide.
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The antihypertensive drug indapamide (IP) is a lipo-
philic indolyl derivative of chlorosulfonamide. In low
doses (2.5-3 mg/kg) it displays weak diuretic and
strong vasodilatory activities.

Indapamide reduces the pressor response to
angiotensin II, norepinephrine, and phenylephrine in
hypertensive patients [7,15] and decreases peripheral
vascular resistance [16). The in vitro studies have
shown that vasodilatory activity of IP is associated
with its direct effect on vascular smooth muscle cells
manifesting itself in decreased Ca** entry [13] and
Ca?* mobilization from the sarcoplasmic reticulum
[12]. Indapamide stimulates the synthesis of prosta-
cyclin, inhibits thromboxane A production [6], and
reduces the release of norepinephrine from the sym-
pathetic endings [4].

Vascular tone is determined predominantly by
sympathetic nervous system and humoral factors pro-
duced by the kidneys and adrenals. Clinical studies
have shown that the hypotensive effect of IP is pre-
served in hypertensive patients after renalectomy
[10]. There is considerable evidence that IP produces
no significant effect the plasma levels of norepi-
nephrine and epinephrine [3]. However, secretory
granules of adrenal medulla contain not only these
hormones but also some other substances, including
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enkephalins [5] and the depressor peptide adreno-
medullin [9]. Systemic administration of adreno-
medullin reduces the total peripheral vascular re-
sistance [14], while enkephalins inhibit transmitter
secretion from sympathetic endings in the vascular
wall [8].

Proceeding from these data, we attempted to
find out whether some vasodilatory effects of low IP
doses are associated with adrenal medulla.

MATERIALS AND METHODS

An isolated segment of rat tail artery was perfused
by the blood of alert rats-donors (ex vivo) [1]. The
segment was obtained from rats euthanized by ether
overdosage. It was perfused at a constant rate (2 ml/min,
Stathan peristaltic pump) in a thermostat-controlled
chamber filled with a modified Krebs-Henseleit solu-
tion. Electrical stimulation (50 V, 0.1-0.5 A, pulse
duration 0.08-0.1 msec, 2-16 Hz) was performed via
two electrodes. The segment was mounted on one of
them (metal cannula) and the other (14-karat gold)
was applied to it from the outside (Fig. 1).

Male Wistar rats (body weight 250-350 g, age
4-6 months) were used. Three polyethylene catheters:
in the carotid artery, femoral vein, and femoral artery
were implanted into donors rats under Nembutal
anesthesia (40 mg/kg, intraperitoneally) one day
prior the experiment. Blood for perfusion was pumped
out from the carotid artery and, after being heated
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to the body temperature, pumped in the femoral vein.
Indapamide (3 mg/kg) and agonists of w-adreno-
receptors (AR) were added to venous blood. Arterial
pressure (AP) and heart rate were recorded trough
the catheter inserted into the femoral artery. The
donor rats were alert throughout the entire perfusion
session.

Two series of experiments were performed. In
the first series the arterial segment was perfused by
blood of donor rats given a bolus injection of IP
(3 mg/kg). Electrical stimulation of the segment
(4 pulses at a 4-min interval) was performed before
and 30 min after administration of IP. The agonists
of a,- and a,-AR were injected intravenously ac-
cording to this regimen. The responses of the rats to
an equal volume of the vehicle (ethanol) were studied
in a control series.

In the second series, the segment was perfused
by blood from rats without adrenal medulla. De-
medullation was performed by the standard method
[11]. The catheters were inserted 5 days after the
surgery. The segment was obtained from intact rats.
Electrical stimulation of the vascular wall sympathe-
tic fibers was performed before and 30 min after ad-
ministration of IP to donor rats.

The following compounds were used: IP (3 mg/
kg, Servier), the a,-AR agonist phenylephrine (0.007-
0.02 mg/kg, Sigma), the a,-AR agonist (-)3,4-di-
hydrooxynorephedrine (0.002-0.01 mg/kg, Sigma).
Indapamide was dissolved in 96% ethanol (stock
solution 10 g/ml). Modified Krebs-Henseleit solution
contained (mmol/liter): NaCl 122.2, KClI 6.7, CaCl,
2.1, MgSO, 1.3, KHPO, 1.1, glucose 14.9, carbogen
96% O, and 4% CO, (20 min).

The response of the segment to electrical stimu-
lation and a-AR agonists was estimated by changes
in the perfusion pressure relative to the initial level
which was taken as 100%.

The results were analyzed by the Student 7 test.

RESULTS

A decrease in the neurogenic response of an isolated
segment of rat tail artery perfused with blood from a
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Fig. 2. Original record of changes in perfusion 160-
pressure from isolated arterial segment in
response to electrical stimulation of the vas- 15
cular wall sympathetic fibers before and 30 min
after administration of indapamide. Ordinates: 80
perfusion pressure increase caused by electri-
cal stimuiation of sympathetic fibers of vascular 40+
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Fig. 1. A scheme of experiment. 7) isolated blood vessel; 2) thermo-
stat-controlled chamber, 3) perfusion pressure sensor, 4) electrical
stimulator, 5) pump, 6) venous catheter, 7) arterial pressure sensor,
8} arterial catheters.

rat injected with 3 mg/kg IP was observed in the first
series of experiments (Fig. 2). Before administration
of IP the perfusion pressure of the segment in response
to electrical stimulation increased by 77.5+18.9% in
comparison with the initial value, while 30 min after
administration of IP it increased by 37.0%+13.7%
(p<0.05, n=6). In the control series, administration
of an equal volume of the vehicle had no effect on
the constrictor response of the segment.

The response of the segment to the a-AR ago-
nists did not change against the background of IP.

Thus, perfusion of an isolated segment of rat tail
artery by blood from an alert donor rat injected with
IP (3 mg/kg, intravenously) reduces the constrictor
response of the segment. Since the reactivity of the
segment in response to o-AR agonists against the
background of IP remained unchanged, we have
suggested that IP affects the sympathetic endings in
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Fig. 3. Changes in neurogenic constrictor responses of isolated
segment of tail artery upon perfusion by blood from intact (1) and
demeduliated (2) rats before administration of indapamide (n=5). Or-
dinate: perfusion pressure increase in response to electrical stimu-
lation of the vascular wall sympathetic fibers, % of basal perfusion
pressure. Light bars: changes in perfusion pressure before admini-
stration of indapamide; dark bars: the same parameter 30 min after
administration of indapamide. *p<0.05 compared with the control.

the vascular wall but not the smooth muscle cells.
This suggestion is consistent with the observation that
IP reduces the neurotransmitter release from sym-
pathetic endings [4].

Five and ten minutes after administration of IP,
AP decreased, respectively, by 8.8% (p<0.05) and 8%
(p<0.01) of the initial level (100.2+9.1 mm Hg) and
normalized by the 30th min. The vehicle had no
significant effect on AP. Five minutes after admini-
stration of IP, heart rate increased by 3.7% (p<0.05)
of the initial level (354.5£12.2 beats/min) and nor-
malized by the 30th minute. '

In the second series, demedullation abolished the
inhibitory effect of IP on neurogenic constrictor
responses of the segment. The perfusion pressure
in response of IP to electrical stimulation before
and 30 min after administration was 79.4+15.6 and
78.8+10.7 mm Hg, respectively (58.6 and 55.9%
relative to the initial perfusion pressure, n=5). Thus,
we observed no reduction in neurogenic constrictor
responses of isolated segment of rat tail artery per-
fused by blood from rats without adrenal medulla
(Fig. 3). It can be suggested that IP induces the
release of a humoral factor from the adrenal medulla
cells and this factor inhibits the neurogenic con-
strictors responses of the segment (for example, by
decreasing the neurotransmitter release from sym-
pathetic endings in the vascular wall) or participates
in the cascade of reactions leading to inhibition of
neurogenic constrictor responses. Enkephalins and
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adrenomedullin are potential candidates for these
factors.

Presumably, this mechanism of the antihyper-
tensive effect of IP is part of the general endogenous
mechanisms of AP regulation by humoral factors of
the adrenal medulla. This mechanism operates in
spontaneously hypertensive rats in which humoral
factor(s) reduce neurogenic constrictor responses of
an isolated segment of rat tail artery by inhibiting the
release of neurotransmitter from the sympathetic
fibers of the vascular wall {2]. Demedullation abo-
lishes this effect.

The results obtained in the present study in-
dicate that 1) perfusion of an isolated arterial seg-
ment with blood from an IP-treated rat reduces the
neurogenic constrictor response of the segment and
2) perfusion of this segment with blood from rats
with surgically removed adrenal medulla abolishes
reduction in the neurogenic response of the seg-
ments under the effect of IP.
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