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Effects of hydrochlorothiazide on contraction

and ®Rb efflux in rat aorta

WANG Gui-Song, LT Yun-Shan, FU Shac-Xuan

{Department of Pharmacology, Hebei Medical College, Shijiazhuang 050017, China)

ABSTRACT Hydrochlorgthiazide (HCT) (0.1, 0.3
mmol -L ') inhibited the contraction of rat aortic stripa
induced by low (<40 mmol+L "), not higher concen-
tzationa of KCl. HCT (0. 3 mmol+1.~1) did not inhibit
the CaCl;-induced contraction of the aortic atrips depo-
larized with high K* (KCl 80 mmol +L~'). The in-
hibitory effect of HCT (0.1 mmol*L~') on KCI (20
mmol -L. "' )-induced contraction was markedly antago-
mzed by BaCl; (0.1 mmol -L™') and tetraethylam-
monium {TEA} (0. 3 mmol+L"'), but not by gliben-
clamide (Gli, 0. 01 mmol<L~%). With norepinephrine
(NE} or 5-HT as agonists, HCT ¢0. 3 mmol+L ™"} also
inhibited the contractions of rat aortic strips. In the 2
componenta of NE-induced contraction, HCT inhibited
only the tonic component depending on Ca®t influx,
but not the phasic component elicited by the release of
The inhibitory action of HCT was
endothelium - independent . That the HCT (3
mmol «L.7?) increased the “Rb efflux rate coefficient
was antagonized by BaCl; (0.1 mmel+L™1)+ but not
by Gli (0.01 mmol+].7!). The resuits indicared that
the inhibitory effect of HCT on the contraction of rat
aorta was attributable to the opening of membrane
potassium channels.

intracellular Ca®*.
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Hydrochlorothiazide (HCTY} has long been
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used in the treatment of hypertension,
although its mechanism remains controversial.
The central issue of the controversy is whether
HCT lowers the blood pressure through
volume depletion or by vasodilation'V.

class of vasodilators termed ‘potassium chan-

A new

nel openers’ has been identified, and the open-
ing of membrane K* channels underlies the va-
sodilatery effect of diazoxide, a classical anti-
hypertensive agent structurally simillar to
HCT® 9. 1In order to determine whether
HCT shares with diazoxide a common mecha-
nism of action, we studied the effect of HCT
on the mechanical activity and *Rb efflux in
isolated rat aorta.

MATERIALS AND METHODS

Drugs The Krebs-Henseleit (K-H} solution con-
sisted of NaCl 118, KCl 4.7, MgS0,»7TH.O 1.2,
CaCl, 2.5, KH,;PO, 1.2, NaHCO, 25, EDTA 0.03,
glucose 11 mmol«L~'. In Ca®*'-free K-H solution,
CaCl; was precluded. High K*-depolarized solution
was prepared from Ca®t-free solution with KCl B0
mmol * L™ HCT (Changzhou Phermaceutical
Factory) was dissolved in K-H solution (100 ml) con-
taining ¥, N -dimethyliormamide {5 ml), polysorbate
8¢ (3 ml}, and tartaric acid 1 mol+L~'{2 ml} to pre-
pare a stock solution {20 mmol -L~!). Tetraethylam-
monium chloride (TEA) and BaCl; {(Beijing Chemical
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Factory} were dissolved in distilled water. Gliben-
clamide (Ghi) (Tianjin Institute of Medical and Phar-
maceutical Industry ) was dissolved i dimethylsul-
foxide (final concentration of Me,SO<Z0. 2% ). ¥RbCI
solution (370 MBq-ml~’) was purchased from Insti-
tute of Atomic Energy, Chinese Academy of Sciences.

Preparation of isolated rat aortle strlps  Sprague-
Dawley rats, %, weighing 28043 35 g. were killed by
stunning and bleeding. The thoracic aorta was cut in-
to spizal strips about 15 mm X 2 mm. The strip was
mounted for isometric recording in organ hath centain-
ing 20 ml of K-H solution under a resting tension of
1.5g. Tbe solution was bubbled with 5% O, +5%
CO.(pH 7. 3—7. 4 at 37T} and renewed every 15 min.
Tension changes were measured with electromechanical
transducers and recorded on a XWT-204 model poten-
tioImetric recorder-

Effects of KCl, norepinephrine (NE}, and 5HT
on aortic contraction After a equilibration period of 2
h, 3 cumulative concentration-response curves in each
aortic strip were formulated for KCl, NE. or 5-HT ac-
cording to the order of pre-control. HCT or its sol-
vent, and post-control. The strips were equilibrated
in K-H solution containing HCT or its solvent for 30
min- The response of each strip to a spasmogen was
expressed as a percentage of the maximal response to
that spasmogen obtained during the time period of first
concentration-response curve ™.

Effects of K*-channel blockers on mechano-
inhlbltory actlon of HCT Three K* channel blockers
were used. After the equilibraition. a control con-
traction in each strip was first induced with KCl 20
mmol *L.™'.  The strip was subseguently washed and
equilibrated in K~H solution containing the solvent for
30 min or pre-incubated with BaCl,, Gli, or TEA for
15 min before the addition of solvent. The second
contraction was then elicited by the re-addition of KCl
20 mmol +L~’. The experiment was repeated except
that the solvent was replaced by HCT.

CaCl;-induced comtractiom After an equilibration
period of 1.5 h in normal K-H solution, the strip was
washed with Ca**-free K-H solution for 30 min, then
equilibrated in high K*, Ca*-free K-H solution for 45
min before the addition of CaCl, 2.5 mmel-L.~". The
experiment was repeated and the strip was pre-treated
with HCT or its solvent for 30 min before the CaCl; re-
sponse was re-examined.

The two components of NE-indoced contraction
After equilibration in K-H solution for 2 h, a control
contraction was first induced with NE 0. 01 pmol -1 7*.
The strip was washed with normasal K~H solution and
equilibrated in a Ca’*-free K-H solution for 45 min.
The equivalent NE was added to the bath, and a rapid
and transient contraction {phasic contraction) was pro-
duced. Towards the end of this contraction, CaCl;
2.5 mmol+L™" was restored and a slow and sustained
contraction {ionic contraction) was seen. The experi-
ment was repeated and the strip was pretreated with
HCT for 30 min prior to the final NE contraction.

Preparation of rat aortic strips with endothelium
removed Two aortic strips from the same rat were
used. One strip was denuded of endothelium by gen-
tle rubbing with a moistened cotton bud; the other
served as A control. A control centraction was first
produced with NE 0. 01 pmol+L~'.  Ar the plateau of
contraction, acetylcholine 0.1 pmol * L7 was added.
Relaxation was elicited only when the endothelium was
present, but failed when the endothelivm hed been re-
maved ™.

in K-H solution containing HCT for 30 min, after

The strip was then washed and equilibrated

which the NE contraction was re-examined. The third
NE-induced contraction served as a post-cantrol.

*Rb efflox Thorscic aorta was cut into 4 rings
about 5 mm long and then cut longitudinally into flat
sheets- Each aortic segment was impaled on s syringe
needle attached to a perspex gassing manifold and in-
serted into a test-tube containing 5 ml K-H sohrtion at
37T bubbled with 95% O.+ 5% CO: via the needle-
After 8 10 min equilibration period in K-H solution,
the tissue was loaded with " RbCl {8s a K* tracer)
185 MBq-L ! for 90 min, after which the “Rh was
allowed to efflux from the tissue by transferring to
tubes containing 2 ml K-H solution for 15 successive 2-
min periods. After 7 such perinds. the tissue was ex-
posed to K-H solution alone ar to a solution containing
HCT in varying concentrations for the next 5 caliection
periods. For the last 3 ecllection periods the tubes
contained K-H solution alone. In some experiments.
the K-H solution contained BaCl; 0.1 mmol-L~"or Gh
0. 01 mmol+L™" throughout the efflux period. At the
end of the efflux, **Rb content remaining in the tissue
was determined together with that in the collecting
The ef-

flux data were expressed in terms of the rate coefficient

tubes using a FT-408 model gamma counter.
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%Rb from the tissue standardized
for a 1-min period expressed in % )%,

(fractional loss of

RESULTS

Effect of HCT on contractions elicited by
KCl., NE, and 5HT HCT (0.1, 0.3
mmol -L.71) inhibited the contractions elicited
by low concentrations (<40 mmol-L7) of
KCl, but had little or no effect on responses
evoked by higher KCl concentrations (40— 80
mmol-L™*) (Fig 1). With NE or 5-HT as
agonists, HCT only at 0. 3 mmol -L ™" inhibited
the contractions of rat aortic strips (Fig 2).
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Fig 1. Effect of hydrochlorothlazide (HCT) on con-
traction of rat mortic strips elicited by KCI.
x+s.

=28,

Effects of K™ channel blockers on the
mechano-inhibitory action of HCT The in-
hibitory action of HCT (0.1 mmol-L7') on
KCl {20 mmol «+L7!)-induced contraction was
attenuated by BaCl,{0. 1 mmol-L™') and TEA
(0.3 mmol +L™!)., but not by Gli (0.01
mmol - L™') (Teb 1). The 3 K* channel
blockers had no effect on the basal tension or
the response 1o KCI.

Effect of HCT on CaCl,-induced contrac-

ton HCT (0. 3 mmol+<L"!) had ne inhibitory
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Fig 2. Effect of hydrochlorothinzide (HCT) on con-
traction of rat aortic strips elicited by NE and 5-HT.
n=—8, xts.

effect on CaCl;-induced contraction of the aor-
tic strips depolarized with high K* {(KCI 80
mmol «L™!).  The contractile responses to
CaCl; before and after treatment with solvent
were 535+ 43 mg and 523154 mg, respective-
ly (r=6, P>>0.05); those before and after
treatment with HCT were 514 155 mg and 497

162 mg, respectively (n=6, P>0.05).

Tab 1. Effects of BaCl;, glibenclamide (Gli). and te-
traethylammonium (TEA) on inhibitory actiom of hy-
drochlorothiazide (HCT) 9.1 mmol -L™! in rat wortic
strips contracted with KC1 (20 mmot-L~'). =ts. 'P
>0. 08, "P<D. 05, *P<{0. 01 vs control.

Treatment/ Contractility /mg
mmol-L~' 7 Solvent HCT
Control g 390199 21657
BaCl; (0.1} 6 362479 314456
Gli  (0.0D 6 393+ 85" 211462
TEA (0.3 6 375+ 78 367 L 73

Effect of HCT on NE-induced contraction
In the 2 components of NE-induced contrac-
tion, HCT (0.3 mmol -L™") inhibited the sec-
ond component (tonic contraction), while did
not show any significant effect on the first one
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{ phasic contraction) (Tab 2).

Tab 2. Effect of hydrochlorothiazide {HCT) 0.3
mmol *L~! on NE ({. 01 pmol - L~' )-indoced contrac-
tlon of rat aortic strips. n=6, *+s5. "P>>0.05, P
<0- 05 us pre-treatment-

Contractility /mg
First component Second component
Pre-treatment 146£45 328462
Post-treatment 1524-38* 173+52*

Effect of endothelium on inhibliory action
of HCT The contractile responses induced by
NE (0.01 pmol-L™!) in strips with endotheli-
um removed and those with an intact endothe-
lium were 412+ 83 mg and 435+ 72 mg, re-
spectively (n=06, P>>0.05). After treatment
with HCT (0. 3 mmol L'}, the responses of
the 2 groups were 245+ 50 mg and 266 + 44
mg, respectively. They did not differ signifi-
cantly either (P>>0.05).

Tab 3. Effect of hydrochlorothiazide (HCT) on *Rh
efflux from rat aorta in the absence/presence of Ball;
or glibenclamide (GH). =45 "P>0.05, "P<0.05

os comtrol; ‘P>0.05, ‘P<<0.05 uvs HCT (3.0
mmol -L~").
Treatment/ BRb efflux rate coefficient/
mmol -L~! g »min !
Control 8 1.1740. 40
HCT (1.0} 6 1.2840. 33"
HCT (3.0} 8 1. 734+0.53%
HCT (3.3 e
+BaCliC0.1) 8 1. 1830 44
HCT 3.0 ]
+Gli (0. 01) S 1.6240. 37

Effect of HCT on *Rb efflux The basal

¥ Rb efflux rate coefficient measured bet-
ween the 14th and 24th min of the efflux
period was 1.17 + 0. 40% min~'. HCT (3

mmol *L™!) produced an increase in *Rb ef-
flux which was antagonized by BaCl, (0.1
mmol-L 1}, but not by Gli {0.01 mmol-L™1)
(Tab 3).

DISCUSSION

Potassium channel openers constitute a
new class of drugs with therapeutic potential
in cardiovascular diseases’. The opening of
K* channels leads to the relaxation of vascular
smooth muscles by hyperpolarizing the mem-
brane and indirectly preventing the opening of
the  voltage-dependent  Ca®'  channels
(VDCS )% "8, The present study showed
that HCT inhibited the contractions of rat aor-
tic strips induced by low, not high concentra-
tions of KCIl, which accorded with the features
of K* channel openers™. HCT had no in-
hibitory effect on the CaCl;-induced contrac-
tion in high K*-depolarizing condition suggest-
ing that this agent did not show direct block-
ing action on VIS, HCT also inhibited the
contractions of rat aortic strips elicited by re-
ceptor-agonists such as NE and 5-HT. Fur-
thermore, it only inhibited the tonic contrac-
tion depending on Ca®** influx through recep-
tor-operated Ca*t channels (ROCS). but had
no effect on the phasic contractions elicited by
the release of intracellular Ca**. Such an ef-
fect suggested that the membrane hyperpolar-
ization caused by K* channel opening would
also interfere with ROCS to a certain exteat.
In addition, our results showed that the in-
hibitory action of HCT on the contractions of
rat aortic strips was endothelium-independent.

Potassium transport has frequently been
assessed by measurement of * Rb f{luxes
which has a2 more suitable half-life (18.8 4?
than “K (12.4 h) does®™, HCT did produce
a significant increase in *Rb efflux from rat
aorta, but the concentration used was 10 to 30
times higher than those required for its
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This discrepancy
was also seen in the known Kt channel open-

mechano-inhibitory action.

ers and can not yet be satisfactorily explained
though the lower selectivity of K* channels for
%Rb compared with **K may be one of the

contributing factors®-®.

Of the 3 K channel blockers. Ba®t and
TEA are both non-selective in that they block
most K* channels, while Gli has been shown
to be a specific blocker of ATP-sensitive Kt
channels®"?.  The results that the effects of
HCT were antagonized by BaCl, and TEA. but
not by Gli, offered further support for the hy-
pothesis that HCT possessed K* channel open-
ing properties, and suggested that the site of
action of this agent may not be the ATP-sensi-
tive K* channels. The type of K* channels
which actually plays an important role remains

to be determined. 4'-93
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