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Differential effects of pinacidil, cromakalim, and NS 1619
on electrically evoked contractions in rat vas deferens’
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AIM: To compare the inhibitory action of
electrically evoked contractions of rat epididymal vas
deferens by pinacidil (Pin), cromskslim {Cro), and
NS 1619. METHODS: Monophasic contractions
were evoked by electric field stimulation in rat
isolated epididymal half of wvas deferens.
RESULTS: Newly developed ATP-sensitive K*
channel openers, Pin and Cro, concentration-
dependently reduced the electrically evoked (0.3
Hz, 1 ms pulse duration, 60 V) contractions and
glibenclamide but not charybdotoxin antagonized the
inhibitory effects of both agents. Pin shifted the
concentration-response curve for norepinephrine to
the right with reducing the magnitude of the
maximum contraction in a glibencdamide-sensitive
fashion. The large-conductance Ca®* -activated K *
channel cpener, NS 1619, inhibited the electrically
evoked contractions in a oconcentration-dependent
manner. Charybdotoxin (100 nmol-L ') partially
reduced the effect of NS 1619 but glibenclamide (10
pool - L1} showed no effect. None of these 3
agents affected the basal tension. CONCLUSION:
Both ATP-sensitive and Ca’* -activated K* channels
presented in vas deferens smooth muscles involved in
regulation of muscle contractility.

Pinacidil (Pin) and cromakalim {Cro), the
potassium channel openers, belong to a new class of
pharmacological agents which potently relax a
variety of smooth muscles!t),  The effects of Pin
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inhibited by the

sulfenylurea
antidiabetic drugs such as glibenclamide (Gli) and
glyburide, selective blockers of ATP-sensitive K~

and Cro are

(Karp) channelst®™3,
membrane were activated by endogencus agents's!,
which have distinct pharmacology from Ca?*-
activated K* (K, ) channels'”, Kamp channels are
also present in nerves'® which may be involved in
regulation of neurotransmission in the periphery.
Cro and leveromakalim inhibit neurogenic smooth
muscle contraction iz vitro in rabbit epididymal vas
deferens'”, and the release of norepinephrine from
nerve terminals in guinea-pig vas deferens'®in a Gli-

K, channels on muscle

sensitive fashion. More recently, however, a novel
group of the benzimidazolone derivatives, typified
by NS 1619 and NS 004, alsc have smooth muscle
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relaxant actions!'® . These compounds relax smooth
muscle by activating K. channels in  porcine
coronary arterial cells'*? and rat cerebral artery
smooth muscle!™).  Charybdotoxin ( CTX ), a
selective large-conductance K¢, channel blocker('3)
inhibits the effect of NS 16190!2), However, the
differential effects of Pin and NS 1619 on
neurogenic contractions of vas deferens have not be
examined. The present study was to compare the
inhibitory action of electrically evoked contractions
of rat epididymal vas deferens by these 2 types of
K™ channel openers, Pin, Cro, and NS 1619.

MATERIALS AND METHODS

Male Sprague-Dawley rats weighing about 300 g were
killed by cervical dislocation and a pair of vas deferens were
disserted out. The epididymal portion was cut and cleared of
surrounding connective tissues and wvisible blood vessels.
Segments of the vasal duct about 2 cm in length were then
mounted between 2 platinum electrodes placed 1 cm apart in a
10-ml. organ baths containing Krebs-Henseleit solution of the
following compositions (in mmol-L 1) : NaCl 119, KCl 4.2,
MgCl 1, CaCl; 2.5, KH PO, 1.2, Nap,(0,; 25, Nay-edetic
acid 0.03, d-glueose 11.1, ascorbic acid 0.2. The bath
solution was oxygenated with 95 % O, + 5 % OO and
maintained at 37 T throughout the experiment. The tissue
was positioned vertically with one end attached to a glass
support and another end to the force transducer { Grass
Instruments Co). Tissues were allowed 1o equilibrate under
1 g resting tension for 90 min while the bath solution was
changed every 30 min.

The electric field stimulation was repetitively delivered to
the vas deferens with use of Grass SI9 Stimulator via 2
platinum electrodes (0.3 Hz, 1 ms pulse duration, 60 V).
The electrically evoked monophasic contractile responses were
abolished by tetrodotoxin {3 pmol-L™ 1) or by combination of
prazcsin 3 pmol - L7! and . f-methylene ATP 3 pmol - E.71
{30 min contact time} , indicating the neurogenic origin of the
contraction. FEach of K' channel openers wes added
cumulatively to the bath to induce concentration-dependent
inhibition of evcleed contractions in the absence and presence
of Gli or CTX at different concentrations. The mean
amplitude of § consecutive twitches was measured at the start
of application of next dose. In the 2nd set of experiments,
preparations were contracted with norepinephrine { NE, 10
nmol * L™! - 30 pmel * L7!') o construct the first
concentration-response curve.  Once the maximum responses
o NE had been reached, tissues were rinsed with Krebs'
solution every 20 min until the tension fell to the basal level.
Tissues were then equilibrated with different concentration of

Pin for 10 min and another concentration-response curve to
NE was repeated. In some experiments, Gli or CTX was
added to the bath 10 mun prior to application of Fin.

Results were expressed as T % 5 of # experiments. The
effects of K channel openers on contractions evoked by field
stimulation were presented as a percentage of the control
value. Cumulative roncentration-response relations were
analyzed with a non-linear curve fitting by a logistic eguation
{ Graft, Erthacuc Software Ltd} and ICsy values with 95 %
confidence limits were calculated as the drug concentration
causing a half-maximum inhibition. To study the effect of
Pin on the NE-induced contractions, values of ECs and
maximal tension were compared in the ahsence and presence of
the drug. #-Test was used to evaluate the significant
difference between mean values.

The following chemicals and drugs were used:
{ — }-norepinephrine bitartrate, prazosin hydrochloride, Pin,
Cro, tetrodotoxin, e.8-methylene ATP, Gli { Sigma, USA),
NS 1619, charybdotoxin { Research Biochemicals, Natick
MA, USA). All drugs were dissolved in Krebs' solution
except for Gli, Cro. and NS 1619 in dimethyl sulfoxide.
0.2% MeSD in organ baths did not affect muscle
contractions induced by electric field stimulation.

RESULTS

Effects of Pin and Cro on electrically evoked
contractions Monophasic contractions { 6.29
+0.03 mN, »=45) of the epididymal segment of
rat vas deferens were evoked by repetitive electric
field stimulation. Prazosin (3 pmol*L™') and «,3
methylene ATP (3 umol * L™!) decreased the
amplitude of the electrically evoked contraction to 43
122 % and 67 220 % of control, respectively (n
=35 in each case) , indicating that contractions were
induced by NE and ATP probably oo-released from
the sympathetic nerve terminals in vas deferens upon
stimulation,

Pin and Cro concentration-dependently reduced
the amplitude of evoked contractions in the absence
and presence of Gli. Gli shifted the concentration-
respohse curve for the inhibitory effects of Pin and
Cro to the right (Fig 1).

Fig 2A showed that Pin reduced the evoked
contraction with 1Cg values {95% confidence
limits} of 0.5 2 0.3 (0.1 ~2.4) pmol*L7! in
control (#=8), 3.1+£0.8(0.9-11.4) gmol-1.7!
inGli1pmol-L™W#=5), 11.5+1.3(2.1-62.5)
pmol* L™ ' in Gli 3 pmol"L™*(#n=5) and 3119
(1.4 — 65.4) pmol'L™" in Gli 10 pmol-L™*
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Fig 1. Inhibitory effects of Pin (A, B) and Cro {C, D) on
monophasic contractions induced by electric field stimalation
in rat epididvmal vas deferens in the absence (A, C) and
presence (B, D) of glibenclamide 10 pmol - L™ which was
added 10 min before application of Pin and Cro.
Calibration bars apply to all records.

{n=35), respectively. Fig IR shows that Cro
inhibited the evoked contraction with respective ICsq
values of 0.24 £0.12 (0.04 - 1.32) pmal-L ! in
control (=6), 1.7+0.5 {0.5-6.0) pmol-L"!
inGli T pmol-L. " {(n=5),3.9+0.8 (1.5-10.4)
pmol*L™! in Gli 3 pmol - 1.7!'(# =5} and 13.9
+1.7 (3.6 —54.0) umol-L™! in Gli 10 pmol-L™!

a.; a.1 1 10 100 1000

% Contraction

o.M 0.1 1 10 100
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Fig 2. Effects of Pin and Cro on electrically evoked
coniractions. {(A) Pin and (B) Cro: (@), #=8, in A
controb, # = 6, in B control; (D), =5, in Gl 1
pmol-L~%; (1), # =5, inGli 3 pmol-L7'; (<), »=5,
in Gli 10 pool-L"%; (A), =4, in CTX 100 nmol -1~ 2.
n = nmmber of experiments, ¥ £ 5. Cuorves were drawn by
fitting the data points to a logistic equation to give respective
ICs, values.

{(n=3). On the other hand, the inhibitory effects
of Pin and Cro were unaffected by CTX. The ICsy
values for the Pin- and Cro-induced inhibition in the
presence of CTX (100 nmol - L™ !) were 0.34
+0.10 pmol*L"1(0.05-2.48 pmal-L™!, a=4)
and 0.18 + 0.04 pmol - L™1(0.03 — 0.98 pmeal
‘L1, n=4), respectively (Fig 2). These values
are not different from those obtained in the absence
of CTX (P>>0.05}.

Effect of Pin on NE-indunced contractile
responses NE evwoked contractions of rat
epididymal vas deferens consisting of intermittent
spikes superimposed on a tonic component with an
ECsp value of 1.01 £0.23 pymol-L™'{(# = 15) and


http://www.cqvip.com

- 296 - BIBLID: ISSN 0253-9736

Acta Pharmacologica Sinica T RS Z$£H

1997 Jul; 18 (4)

maximal rise in tension of 8.2 £2, 1 mN (2 =15,
measured at the mean height of intermittent spikes
in the presence of NE 10 umol-L '), Pin {up to
10 pmol + L7!) did not affect the basal level of
Following construction of the first
curve for NE, the
preparation was incubated with Pin at different

tension.
concentration- response

concentrations for 10 min and ancther concentra-
tion-response curve for NE was repeated. The NE
concentration-response significantly
shifted to the right in the presence of Pin (Fig 3).

curve was

12 T T

100

$

% Contro| contraction
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Fig 3. [Inhibitory effect of Pin oo the NE-induced
contraction. (@), n =15, in control; (), n =5, in Pin
1pmol-L7; (), n=5,in Pin 10 pmol-L"'; (M),
n =5, in Pin 10 pmel- L ™ pins glibenclamide 10 pmol-L ™!,
a2 = number of experiments. ¥ + 5.

ECs values (95 % confidence limits) were
1.01 £0.23 (0.3~ 3.3) pmol-L ' in control (n
=15), 1.5£0.3 (0.4-6.4) pmol-L ' in Pin 1
pmol *L7Y {(n =5), and 1.8 £ 0.3 (0.5-6.2)
pmol *L™! in Pin 10 pmol - L' (n = 5),
respectively. Pin reduced the maximal contraction
to NE by 22. % and 41 %, respectively, at
concentrations of 1 and 10 pmol+L."1.  Gli 10 punol
.7 completely reversed the inhibitory effect of Pin
10 pmol-L 7! on the NE-induced contractions in rat
vas deferens (ECsy = 1.16 £ 0.10 pmol* L™ with
95 % confidence limits of 0.19 —6.92 pmot-L71L,
n =235, in Gli 10 pmol*L"! + Pin 10 pmol-L7!, P
<0.05 »s control ).

Effect of NS 1619 on electrically evoked
contractions Fig 4 showed that NS 1619 reduced
the amplitude of electrically evoked contractions

with an ICs (95 % confidence limits) of 53 + 14
pmol-L.71(9.1-305.1 pmot-L"!, =6). The
concentratiorinhibition curve 1o NS 1619 was
shifted to the right in the presence of CTX (ICs,; of
102+ 24 umol-L.7', 18.2 — 466.9 pmol « L7, in
CTX 100 nmol - LY, »n =5). CTX by itself
increased the evoked contractions, therefore, the
stimulation intensity was lowered to between 25 to
35 V in an attempt to match the initial levels of
contractions in the absence of CTX. By contrast,
Gli 10 pmol - L7 (n = 4) failed to influence the
inhibitory effect of NS 1619 (ICs, = 47 £ 14 pmol
‘L7, 6.9-315.2 pmot- L™, n =4, P>0.05 s
control}. NS 1619 at-300 pmol« L™! did not alter
the basal tension of 1 g.

100
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Fig 4. Inhibitory action of NS 1612 on electrically evoked

contraction in rat vas deferens. (@), n =6, in control;
{0), n=5, in charybdotoxin 100 nmol - L™'; (),
n=4, in glibenclamide 10 pmol - L™!. » = pumber of
experiments, ¥t 5.

DISCUSSION

Gli at concentrations up to 10 pmol+ L. ! had no
effect on the basal tension of rat vas deferens, but it
significantly antagonized the inhibitory effects of
both Pin and Cro which were previously shown to
activate Karp channels in smooth musclet!.
These results are in agreement with competitive
antagonism by Gli of Cro inhibition of twitch
contractions in rabbit vas deferens®’. In contrast
to about 56 % maximal inhibition by Cro 3 pmal
-1 ! reported by Eltze in rabbit vas deferens'®’, we
found that Cro at the same concentration caused


http://www.cqvip.com

BIBLID: ISSN 0253-9756

Acts Pharmacologica Sinica T B #S 2 ¥H

1997 Jul; 18 (4} - 297 -

approximately 90 % reduction of electrically evoked
tensioll in ral vas deferens. Moreover, Gli (10
pamol - L7 1) did not affect the maximal effect of Cro
in our preparation, but it (3 — 10 pmol - L™!)
enhanced the maximal inhibition by Cro in rabbit
vas deferens®). This discrepancy may be
attributed to the species difference or 1o different
sensitivity 1o Cro.  Interestingly, Gli at 10 pmol
*L™" reduced the maximal effect of Pin. It is
possible that Pin may also act via a K* channel
independent mechanism as suggested by Cai e af1?
in blood vessels.

Presemt results clearly showed that large-
conductance K¢, channels were not involved in the
inhibitory effects of Pin and Cro despite the fact that
these 2 agents were previously reported to increase
the open staie probability of the reconstituted aortic
Ke, channels™® . CTX, a potent blocker of large-
conductance K¢, charmels'™), did not affect the
actions of Pin and Cro in 1at vas deferens. Pin also
reduced the NE-induced contractile response even ai
low concentrations { >0.03 pmol - L™') which
started 10 reduce elecirically evoked contraciions
{ data not shown ),
primarily activaie Kayp chanmnels on smooth muscle

suggesting that Pin may

membrane. However, Cro 0.3 — 3 gmoal * L 'did
not affect the NE-induced tension in Wistar Morini
rat vas deferens'™. This discrepancy may be
caused by different strains of rats used between
Grana et al and our group. WMNevertheless, the
possibility can not be discounted that presynaptic
inhibition of neurotransmiiier release by Pin may
coniribute in a small portion towards the cbserved
inhibition of contraciion in response of field
stimulation. It was indicated thai the Pin-induced
vasorelaxation may also resulied from reduction of
NE release from the sympathetic nerve' 4.

In conirast 1o the Gli antagonism of the
inhibitory effects of Pin and Cro, NS 1619, ihe
newly developed activaior of large-conductance Ko,
channels in many smooth muscles'"®! concentration-
dependently inhiblled 1the elecirically evoked
contraction in rat vas deferens in a Gli-insensitive
manner. CTX partially but significantly reduced
the inhibitory effect of NS 1619. Similarly,
iberiotoxin ~ completely  reversed — membrane
hyperpolarization induced by NS 1619 but only

partially  inhibited the NS  1619-induced
vasorelaxation''¥).  This indicates that NS 1619
may have additional sites of aclion in rat wvas
deferens as reported in vascular smooth muscle.
Indeed, NS 1619 was recently found to inhibit L-
type Ca2" channels in arterial smooth muscle!!517),
CTX alone significantly enhanced the amplitude of
electrically evoked contractions, indicating 1ihat
large-conductance Kq, channels are active in
sympathetic nerve ierminals since this conceniration
of CTX did not significanily alter the NE-induced
Tesponse in the same preparation {data not shown) .

In summary, our results provide evidence of
existence of Kapp channels and large-oonductance
K, channels in rat epididymal vas deferens. Gl
selectively antagonized the inhibitory effects of Pin
and Cro on electrically evoked coniractions while
CTX showed no effect. On ihe other hand, CTX
bui not Gli partially reduced the effeci of NS 1619.
It is suggested that both types of K* channels may
play a role in regulation of contractility of rat vas
deferens.
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