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The effect of L-type calcium channel modulators on the
mobilization of intracellular calcium stores in guinea-pig
intestinal smooth muscle

Chantal Dessy & 'Théophile Godfraind

Laboratoire de Pharmacologie, UCL 5410, Avenue Hippocrate 54, B-1200, Brussels, Belgium

1 The action of Ca>* channel modulators has been examined on the intracellular Ca?* signal in the
longitudinal smooth muscle cells of the guinea-pig intestine after exposure to histamine and to agents
known to affect intracellular Ca®" stores. Isometric contraction has been measured simultaneously with
front-surface fluorometry of fura 2-loaded preparations.

2 Histamine (10 uM) evoked a phasic and tonic increase in [Ca?"]; and contraction which were both
sensitive to the Ca®?* channel blockers, nimodipine and D600.

3 Caffeine (10 mM) evoked in rapid increase in [Ca?*}; which was sustained as long as the preparation
was exposed to the drug, whereas the contractile response was only phasic. In the presence of nimodipine
1 uM, the phasic contraction was absent although the fura 2-Ca®* signal amounted to 32% of the
control.

4 Ryanodine (10 uM) evoked a slow increase in [Ca?"]; and a contraction, both of which were reversed
after exposure to nimodipine (1 uM) or D600 (10 uM). In the presence of diazoxide (500 uMm), a
hyperpolarizing agent, the ryanodine-evoked increase in [Ca®*); and in muscle tone were inhibited.

5 Thapsigargin (1 uM) also produced an increase in [Ca?*]; and a contraction both of which were
blocked by nimodipine (1 uM).

6 In Ca®*-free solution, histamine 10 uM evoked non-reproducible phasic Ca®* signal and contraction.
This response was recovered after refilling in Ca®* containing solution. The recovery was blocked by
nimodipine, D600 or diazoxide and was facilitated by the Ca®* channel activator, Bay K 8644. When the
refilling medium was supplemented with thapsigargin, the recovered response was significantly reduced,
but Bay K 8644 still had some action.

7 The present results show that blockade of L-type Ca>* channels inhibited changes in [Ca?*]; evoked
by histamine, caffeine and ryanodine which are generally attributed to Ca?* mobilization from
intracellular stores. They also show that when the tissue was exposed to nimodipine, D600 and diazoxide
during the procedure of refilling after depletion of intracellular stores, the action of histamine on [Ca®™);
and contraction was blocked. Bay K 8644 had an opposite effect even when the Ca?>* pumping activity
of the sarcoplasmic reticulum was reduced by thapsigargin. This indicates that refilling of intracellular
Ca®" stores depleted by histamine in guinea-pig intestine mainly occurred through L-type Ca?* channels.
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Introduction

Agonists such as histamine evoke a contraction of guinea-pig
intestinal smooth muscle both by releasing Ca?* from in-
tracellular stores and by stimulating Ca?* influx from the ex-
tracellular space. As shown by Morel et al. (1987), this Ca®*
influx is sensitive to nifedipine and to Bay K 8644, indicating
that it occurs through activated L-type Ca®* channels. Do-
naldson & Hill (1985) have shown that activation of H;-re-
ceptor leads to inositol phospholipid breakdown. On the basis
of studies performed mainly on saponin-permeabilized tissues,
but also on isolated cells, Ilino & coworkers (Ilino et al., 1988,
Yamazawa et al., 1992) proposed that intracellular Ca>* could
be stored in two separate compartments one, Sa equipped with
ryanodine and Ins(1,4,5)Ps;-receptors and another, Sf equip-
ped only with Ins(1,4,5)P;-receptors.

Low et al. (1992) have proposed a model for the repletion of
internal Ca?* stores of vascular smooth muscle. They have
identified two components of the contractile response of the
dog mesenteric artery to phenylephrine which can be differ-
ently modulated. The initial component of the contractile re-
sponse is highly sensitive to the presence of ryanodine while the
second is insensitive to inhibitors of the sarcoplasmic ATPase

! Author for correspondence.

and is stimulated in the presence of Bay K 8644. They con-
cluded that the two components of the contractile response
correspond to the release of two different internal Ca®* stores
with different refilling mechanisms, in agreement with the
proposal of Iino et al. (1988) who have observed that when
skinned muscle cells were exposed to ryanodine, the Ca®*
signal recorded in response to caffeine was blocked, whereas
the signal evoked by Ins(1,4,5)P; was barely affected.

In a recent study, Wibo & Godfraind (1994), examined the
subcellular distribution of ryanodine and Ins(1,4,5)P;-re-
ceptors in intestinal smooth muscle. They observed that rya-
nodine receptors are much less numerous than Ins(1,4,5)P;-
receptors, both are associated with SR and could not be clearly
separated on the basis of equilibrium density of membranes.
However, the stoichiometric ratio of the two receptors is not
identical when studied in various subcellular fractions sepa-
rated by density equilibration in a linear sucrose gradient. Such
an observation could favour an alternative hypothesis also
proposed by Wong & Klassen (1993) assuming that the two
Ca?* stores are in communication one with the other. Thus, in
Ca?*-free medium, the activation of Ins(1,4,5)P; and of rya-
nodine receptors may deplete intracellular Ca** stores.

In physiological conditions, the extracellular Ca>* has been
clearly identified as the major source of Ca?* for refilling the
stores following their release by an agonist as the majority of
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Ca’* released from internal pools is ejected across the plasma
membrane (Putney, 1990; Kwan et al., 1990). In the ‘capaci-
tative Ca2* entry model’, Putney proposed that the depletion
of the intracellular Ca2* stores by Ins(1,4,5)P; may induce the
opening of a pathway for their replenishment from the extra-
cellular space (Putney, 1990). The state of emptiness of the
intracellular stores may be the signal that directly or indirectly
initiates the Ca2* entry (Zhang & Melvin, 1993) but the exact
process of refilling and the mode of Ca’* entry remains un-
clear. Some authors proposed that in canine colonic smooth
muscle, Ca®* entry could occur through L type Ca®* channels
and an additional pathway (Sato et al., 1995). Recently, Ohta
et al. (1995) have reported that in rat ileum, L-type Ca®*
channels are not involved in the Ca?* entry activated by de-
pletion of the intracellular stores.

The present experiments were undertaken in order to ex-
amine if the pathways used by Ca2* to refill the internal Ca®*
stores are similar in guinea-pig and rat ileum. Therefore, we
have used the fura 2 method in intact smooth muscle and have
simultaneously measured the changes in intracellular Ca?*
concentration ([Ca’*]) and in contractile tone induced by
histamine and by several drugs acting either on L-type Ca®*
channels (diazoxide which hyperpolarizes the plasma mem-
brane and acts indirectly, nimodipine, D600 and Bay K 8644
act directly on the channels) or on the sarcoplasmic reticulum
functions (caffeine, ryanodine, thapsigargin). Our results show
that blockade of L-type Ca?* channels inhibits the mobiliza-
tion and repletion of the Ca2* stores and thus indicate that in
the guinea-pig intestinal smooth muscle the refilling of the
Ca?* stores depleted by histamine is highly dependent on an
influx through L-type Ca®* channels.

Methods

Tissue preparation and fura 2 measurements

Guinea-pigs (400—500 g) were killed by stunning and de-
capitation. Ileum segments were isolated and immersed in
physiological solution (mM: NaCl 112, KCl1 5, NaHCO; 25;
glucose 11.5, CaCl, 1.25, MgSO, 1.2, KH,PO, 1.2, pH 7.4)
at 37°C equilibrated with 95% O,/5% CO,. The long-
itudinal layer was dissected free from the circular muscle
and thin sheets of about 5 mm wide and 5 mm long were
prepared.

The strips were treated with a physiological solution
containing fura 2-AM (3 uM) for 4 to Sh at room tem-
perature. The non-cytotoxic detergent, Cremophor EL
(0.03%), which increases the solubility of fura 2-AM and
bovine serum albumin (1%) was added. This procedure of
loading was chosen to minimize the compartmentalization of
the indicator (low concentration of the dye, low temperature
of loading). Himpens (1988) had observed, using a very si-
milar loading procedure, that most of the Ca®* signal is
cytosolic. However, we cannot exclude that a small part of
the fura 2 is trapped inside organelles, therefore we use the
general terminology ‘intracellular’ to characterize the fura 2-
Ca®* signal. The fluorescence of the muscle increased during
the period of loading. The autofluorescence measured at the
end of the experiment was equal after excitation at 340 nm
and 380 nm to 21.1+1.4% and to 24.7+1.7% (n=32) re-
spectively of total fluorescence. After the loading, ileal strips
were transferred to a fresh physiological solution, washed
for 5 min in order to remove uncleaved fura 2-AM from the
tissue and mounted between two hooks in a 7 ml-organ
bath filled with physiological solution kept at 37°C and
gassed with 95% 0O,/5% CO,. One end of the strip was
connected to a strain gauge transducer and the muscle was
maintained under a resting tension of 1 g. The organ-bath is
part of a fluorometer allowing the simultaneous recording of
contractile tension and fluorescence (CAF 110, JASCO,
Tokyo, Japan). The muscle was alternatively illuminated
(128 Hz) with two excitation wavelengths (340+10 nm and

380410 nm) obtained from a xenon high pressure (75 W)
lamp coupled to two monochromators. The emitted light
from the muscle was collected by a photomultiplier through
a 500+12 nm filter. The time constant for the optical
channels was 260 ms. The ratio of the fluorescence in-
tensities due to excitation at 340 nm to that obtained after
excitation at 380 nm (F40/F3s0), as it appears on the figures
through the paper, was calculated from successive illumi-
nation periods. The fluorescence signals, Fi4, F3g and the
ratio Fis/F3g were simultaneously recorded with the con-
tractile tension on a multichannel system (Kontron 500 SP,
Switzerland).

At the end of most experiments, the fura 2-Ca®* signal was
calibrated. The maximal ratio was measured in a Ca®*-satur-
ating and potassium rich medium (mM: KCl 117, NaHCO; 25,
glucose 11.5, CaCl, 1.25, MgSO, 1.2, KH,PO, 1.2) by addition
of ionomycin, 20 uM (which was the lowest active concentra-
tion in our system). The minimum ratio was obtained by a
further addition of EGTA (8 mM). In such conditions, no
detectable leakage of the fura 2 from the tissue could be de-
tected during the calibration. The autofluorescence values were
obtained by quenching the fura-2 fluorescence with MnCl,
(5 mM) and were subtracted from all values. In such condi-
tions, and after autofluorescence subtraction, the mean max-
imum ratio was equal to 4.340+0.795 (n=32) while the mean
minimum ratio amounted to 0.363+0.023 (n=32). The ratio
(F340/F1s0) indicated on the figures was obtained from experi-
mental data including autofluorescence.

The absolute [Ca®*]; was calculated according to Grynkie-
wicz et al. (1985):

R — R

2+ — B x K x —~_ Zmin

[Ca®]eyt = B x K4 Ro_R
assuming that R is the ratio of the fluorescence intensities
corrected for the autofluorescence, measured at 340 nM over
that measured at 380 nM. The dissociation constant for the
fura 2/Ca* complex is assumed to be equal to 224 nM. The
correcting factor f (3.646 +0.393, n=32), which is equal to the
ratio of the fluorescence intensities (after autofluorescence
substraction) of the free dye (measured in Ca’*-depleted
medium, in the presence of EGTA) and the Ca”*-saturated dye
(measured in saturating Ca®>* medium, in the presence of io-
nomycin) at 380 nm, was calculated in each preparation.

Strips were stimulated twice with histamine 10 uM, applied
during 5 min at intervals of 5 min at the beginning of each
experiment; the response to the second stimulation was taken
as a control, the effect of the different drugs was tested after-
wards.

Drugs

Histamine-HCI was dissolved in distilled water as a stock so-
lution at 10 mM. Ryanodine was prepared as a stock solution
at 1 mM in ethanol 17%. Thapsigargin was dissolved in di-
methyl sulphoxide (DMSO) 100% to obtain a 10 mM stock
solution. Caffeine was prepared each day in physiological so-
lution. Nimodipine and Bay K 8644 (methyl-1,4-dihydro-2-, 6-
dimethy -3 -nitro -4 -(2-trifluoromethylphenyl)-pyridine-5-carb-
oxylate) gifts from Bayer AG, Germany were dissolved in
ethanol as stock solution at 1 mM and 10 mM respectively.
D600 (methoxy-verapamil) was dissolved each day in water to
give a stock solution of 10 mM. Diazoxide was dissolved each
day in NaOH 0.1 N to obtain a stock solution at 50 mM.
Further dilutions were prepared in physiological solution, the
pH of these dilutions being corrected when necessary.

Statistical analysis

All values are expressed as means+s.e.mean, and n is the
number of observations. Significance was tested using Stu-
dent’s ¢ test and variance parameters were compared with an
ANOVA one factor test.
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Results

Effect of nimodipine and diazoxide on resting [Ca’* |;
and resting tone

As shown on Figure la, most preparations developed a
spontaneous rhythmic activity which was superimposed on the
basal Ca?* signal and the basal tone. The addition of nimo-
dipine (1 uM) rapidly inhibited this rhythmic activity. In the
presence of nimodipine (1 uM), the basal [Ca?*]; decreased and
reached a concentration which was only 72.9+6.2% (n=4) of
the initial one. When diazoxide (500 uM), a K* channel opener
which hyperpolarizes the smooth muscle cells and closes the L-
type calcium channels (for review, Quast, 1992) was added to
the bathing solution, the spontaneous rhythmic activity was
also abolished and a decrease of both resting fura 2-Ca2*
signal and resting tone was observed (Figure 1b). This in-
dicates that resting [Ca%*}; and resting tone could be modu-
lated through the voltage-gated Ca®* channels in agreement
with Himpens & Somlyo (1988).

Effect of histamine on [Ca’* ]; and tension

Figure 2 illustrates the increase in [Ca?*]; and in muscle tone
evoked by an exposure of intestinal smooth muscle to hista-
mine (10 uM) for 5 min. Histamine produced a rapid increase
in [Ca?*); from 167+12nM to 345+52nM (n=10) and a
phasic increase in muscle tone, thereafter, [Ca®*}; and muscle
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Figure 1 Recording of typical experiments showmg the spontaneous
rhythmic activity superimposed on the basal [Ca2*]; and the resting
tone of ileal strips. Addition of nimodipine (Nimo) 1um (a) or
diazoxide 500 uM (b) completely abohshed the rhythmic activity and
decreased both the basal [Ca?*]; and the resting tone. These
recordings are representative of at least 4 different experiments.
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Figure 2 Recording of a typical expenment showing the effect of a
stimulation with histamine 10 uM on [Ca%*}; and contractile tone on
guinea-pig ileal smooth muscle in the absence (a) or in the presence
of nimodipine (Nimo) 1uM preincubated for 10min (b). This
recording is representative of at least 7 different experiments.

tone were maintained as long as the agonist was present in the
bathing solution.

In preparations pretreated with nimodipine (1 uMm) for
10 min, histamine (10 uM)-evoked responses were markedly
reduced (Figure 2). The maximum increase in fluorescence
ratio was equal to 35.1+4.7% (n=7) of the phasic increase
recorded before nimodipine and the maximum increase of
muscle tone was equal to 12.84+2.0% (n=7) of the phasic
control contraction (P<0.01). Similar results were obtained
when ileal strips were incubated for 10 min in the presence of
the phenylalkylamine D600 10 yM: the maximum histamine-
evoked increase in fluorescence ratio was 44.1+4.3% (n=3)
while the contractile tension reached 11.4+7.3% (n=3) of the
control response to histamine.

Effect of caffeine on [Ca’* ]; and tension

Caffeine (10 mM) which is known to release Ca?* from the
intracellular stores (Endo et al., 1982) evoked a rapid increase
of [Ca?*]; from 125430 nM (n=6) to 215+ 53 nM (n=6); it
also produced a phasic contraction (Figure 3). When the ex-
posure to caffeine (10 mM) was prolonged, the tone decreased
rapidly to a level equal to or even lower than the initial one,
while the Ca?* signal diminished slightly to reach a sustained
value. The maximum change in fluorescence ratio evoked by
caffeine (10 mM) was 116.2+11.2% (n=13) of the phasic re-
sponse to a control response to histamine (10 uM) added be-
fore, but this was not significantly different (P>0.05).
However, the phasic contractile response to caffeine amounted
to 45.8 +5.4% (n=13) of the phasic response to histamine; this
was significantly lower (P<0.01). For a given increase in
fluorescence ratio, caffeine evoked a smaller development in
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Figure 3 Typical recording showing the effect of a stimulation with
caffeine (Caff) 10mM on [Ca2™}; and contractile tone on guinea-pig
ileal smooth muscle in the absence (a) or in the presence of
nimodipine (Nimo) 1 uM preincubated for 10 min (b). This recording
is representative of at least 8 different experiments.

Table 1 The Ca®* response evoked by caffeine 10 mMm,
ryanodine 10 uM and thapsigargin 1 uM in ileal smooth
muscle

[CPT ]; Fura 2 ratio
(% of the (% of the
control control
response to response to
histamine) histamine)
Caffeine 90.3+16.7 —NS— 116.2+11.2
(n=6) (n=13)
Ryanodine 78.6+12.2 —NS— 79.418.2
n=>5) n=17)
Thapsigargin 103.4+21.3 —NS— 92.9+12.6
n=17) (n=13)

Maximum increase in Ca®* signal estimated by comparmg
to histamine either the [Ca?*]; change or the change in fura
2 ratio. All values represent mean +s.e.mean, n=number of
experiments. NS, P>0.1, not significantly different.
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tension than histamine did. It is noteworthy that when ex-
pressed as a percentage of the control response to histamine,
experimental data were not significantly different when mea-
suring [Ca2"*]; or more simply the fura 2-ratio (see Table 1).

After blockade of voltage-dependent Ca?* channels by ni-
modipine 1 uM, the caffeine-evoked increase in fura 2-ratio
was reduced to 32.3+5.4% (n=238) of the control (P<0.01)
while the contraction was absent (Figure 3).

Effect of ryanodine on [Ca’* ]; and tension

In smooth muscle cells, ryanodine has been shown to induce
Ca®" release from the sarcoplasmic reticulum (Hwang &
Van Beemen, 1987). Figure 4 shows that in physiological
solution, ryanodine 10 uM evoked a slow increase of both
fluorescence ratio and muscle tone. At steady state, the in-
crease in fluorescence signal corresponded to 79.4+8.2%
(n=17) of the phasic increase in fura 2-signal produced by
the control stimulation with histamine (10 uM) (P<0.05),
the increase in contractile tone was equal to 47.8+4.7%
(n=17) of the phasic contraction evoked by histamine
(10 uM) (P<0.01). In S experiments at the end of which the
fura 2-Ca?* signal was calibrated, [Ca%*]; increased from
180+33 to 314459 nM after exposure to ryanodine 10 uM.
As Figure 4a illustrates, when nimodipine 1 uM was added
during the plateau of the response, both fluorescence ratio
and tone returned to basal levels. A similar effect was ob-
served after addition of D600 (10 uM). Furthermore, in
preparations pretreated with nimodipine 1 uM, ryanodine
10 uM was without detectable effect (n=4) on [Ca’*]; and
muscle tone (data not shown). When histamine was added
to the bath solution, as soon as the fura 2-Ca?* signal and
the muscle tone elevated by ryanodine (10 uM) had returned
to basal values in the presence of nimodipine 1 uM, there
was no detectable change in Ca?* signal. However, a small
increase in muscle tone corresponding to 2.84+0.9% (n=9)
of the control value was observed.

At variance with reports in vascular tissues (Newgreen et
al., 1990; Antoine et al., 1992), diazoxide (500 uM) does not
inhibit high KCl-evoked contraction in the guinea-pig ileum
smooth muscle (data not shown). When ileal preparations
were preincubated for 15 min with diazoxide 500 uM, the
ryanodine-evoked increase in fluorescence ratio and con-
tractile tension amounted respectively to 7.4+4.3% and 0%
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Figure 4 (a) Changes in the fura 2 fluorescence ratio (F340/F3g0) and
in contractile tone evoked by ryanodine (Rya) 10uM. Nimodipine
(Nimo) 1uM added when the responses had reached a steady state
completely reversed both increase in fura 2-Ca®* signal and
contraction. (b) Changes in the fura 2 fluorescence ratio (Fzao/F3g0)
and in the contractile tone evoked by thapsigargin (Thaps) 1uM.
Nimodipine 1uM added when the responses had reached a steady
state reversed both increase in fura 2-Ca®* signal and contraction
nearly to the basal levels. These recordings are representative of
respectively 6 and S different experiments.

of the responses measured in the absence of diazoxide, in-
dicating that hyperpolarization attenuated the action of
ryanodine (n=4).

Effect of thapsigargin on [Ca’" ]; and tension

Below 1 uM, thapsigargin is a specific inhibitor of the sarco-
plasmic reticulum Ca®>* pump; at higher concentrations it also
blocks L-type Ca?* channels (Buryi et al, 1995). Re-
presentative time course changes in fura 2-ratio and tone of
ileal strips treated with thapsigargin 1 uM are shown in Figure
4b. The mean increase in fluorescence ratio and contractile
tension were equal to 92.9+12.6% (P>0.1) and to
67.3+6.96% (P<0.01) (n=13) respectively of the phasic
control response to histamine, 10 uM. In 7 experiments at the
end of which the fura 2-Ca®* signal was calibrated, thapsi-
gargin evoked an increase in [Ca’*],, from 191420 to
377+ 34 nM. The addition of nimodipine 1 uM when the re-
sponses had reached a steady state induced a rapid decline of
both Ca?* signal and tension to a level not different from the
basal line.

Depletion and refilling of the stores

After a control stimulation with histamine (10 uM), ileal
preparations were washed for 2 min with a Ca®*-free solu-
tion (CaCl,, 0 mM; EGTA, 0.3 mM, other components as
before) and re-exposed to histamine (10 uM) for 3 min in the
Ca?*-free medium. This procedure allowed the complete
discharge of the internal stores as indicated by the absence
of responses to further addition of histamine in Ca®*-free
solution (Figure 5).

Figure 6 illustrates another set of experiments: ileal strips
were first exposed to a control stimulation with histamine
10 uM (Hist 1). The intracellular Ca®* stores were then emp-
tied by a 2 min incubation in a Ca?*-free medium followed by
a 3 min stimulation with histamine 10 uMm (Hist 2). After a
further period of washing in the absence of Ca2* (2 min), the
Ca?*-depleted preparations were re-exposed to a Ca?*-con-
taining medium in the absence of histamine for 5 min in order
to allow the stores to be refilled. This Ca®>* readmission evoked
an increase of the fura 2 fluorescence, but almost no change in
muscle tone. To determine the extent of repletion of the stores,
the preparations were exposed during 1 min to a Ca®*-free
solution and then to histamine 10 uM (Hist 3). This last his-
tamine-exposure elicited a phasic increase of the fluorescence
ratio corresponding to 38.5+8.0% (n=8) of the response
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Figure 5 Typical recording showing the experimental procedure
followed to deplete the histamine-sensitive Ca?* stores. After a
control stimulation with histamine 10uM, ileal preparations were
washed with a Ca®*-free solution (Ca’?*, 0mM, EGTA 300 uM),
2min later, a second stimulation with histamine 10uM was
performed. A further addition of histamine 10 uM in Ca?*-free
solution was without detectable effect of both fura 2 Ca%* signal
contraction, suggesting the complete depletion of the intracellular
Ca®" stores.
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measured in the presence of external Ca’* and a contraction
amounting to 14.6+2.7% (n=38), indicating that a S min
period in the presence of Ca’* was long enough to allow a
significant refilling of the stores.

Effect of L-type Ca’* channels modulators on the
refilling process

To test whether voltage-dependent Ca?* channels modulators
could interact with the refilling process of the Ca?* stores, we
have exposed the ileal strips to Bay K 8644 1 uM, nimodipine
1 uM or D600 10 uM during the period of Ca®* loading.
When Bay K 8644 (1 uM) was added to the bath solution
during the re-exposure to external Ca?*, we observed an in-
crease in the basal fluorescence ratio and the development of a
contractile tone amounting to 96.7+16.0% and 41.0+13.8%
(n=28) respectively of the control response to histamine 10 uM
(in the presence of Ca* 1.25 mM) which were abolished after a
washout of the ileal preparation with a Ca®*-free medium.
The treatment with Bay K 8644 (1 uM) enhanced the re-
covery of the response to histamine after the procedure of
depletion/refilling of the stores since in such conditions, Hist 3

(histamine 10 uM added after a 1 min wash in Ca?*-free
F340/F380
0.342 1
0.227 1
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Figure 6 Recording of a typical experiment showing the experi-
mental procedure used to analyse the refilling process of the
intracellular Ca2* stores sensitive to histamine in guinea-pig ileum
smooth muscle in the absence of any testing agent. After a control
response to histamine 10 M (Hist 1), preparations were washed with
a Ca?*-free solution (Ca?*, 0mm, EGTA 300uMm), 2min later, a
stimulation with histamine 10 uM was performed (Hist 2). After a
further washout with a Ca®*-free medium (2min), the stores were
allowed to refill in the presence of a Ca’" containing medium for
5min. Thereafter, the extent of reﬁllmg was evaluated by the
amplitude of the transient fura 2-Ca®" signal and contractile tension
elicited by histamine 10uM (Hist 3) in a Ca?*-free medium. This
recording is representative of at least 8 different experiments.

Table 2 Increase in fura 2 ratio and contractile response to histamine (10 uM) after depletion of Ca**

various conditions

medium), evoked a significantly higher increase of the fura 2
fluorescence signal (P<0.05) and of the contractile tension
(P<0.01) than in controls (see Table 2).

When the refilling procedure occurred in the presence of
nimodipine 1 uM or D600 10 uM, the increase of the fluores-
cence ratio observed after readmission of Ca%* was absent and
the response evoked by hist 3 (in Ca’*-free medium) was
nearly abolished (Table 2).

Effect of thapsigargin on the refilling process

Because of the slow onset of its action, thapsigargin was added
for a 30 min preincubation period before the depletion/refilling
procedure. This time seemed sufficient to reach a steady state
both for the fura 2-signal and for the contraction (see Figure
4b in physiological solution). The increase of the fluorescence
ratio evoked by Hist 3 after the depletion/refilling process was
significantly diminished (P <0.01) indicating that thapsigargin
(1 uM) inhibited this process (see Table 2).

When the refilling was performed in the presence of Bay K
8644, 1 uM, after pretreatment with thapsigargin (1 uM), the
response to Hist 3 was reduced as compared to that elicited by
Bay K 8644 alone (P<0.01).

Effect of diazoxide on the refilling process

When the refilling procedure was performed in the presence of
diazoxide, the readmission of Ca?* to the bathing solution did
not evoke an increase of the fura 2-Ca?* signal. Furthermore,
the fura 2-Ca®* signal and the contractile responses elicited by
Hist 3 were totally blocked (Table 2).

Discussion

We have investigated the effect of modulators of L-type Ca?*
channels on the mobilization of intracellular Ca?™ stores in the
longitudinal smooth muscle of guinea-pig isolated ileum.
Using the fura 2 technique allowing the simultaneous mea-
surement of [Ca%*]; and contractile tone in isolated ileal strips,
we have observed that the responses elicited by histamine or by
drugs directly acting on the intracellular Ca?* stores, were
highly dependent on an influx through the L-type Ca’*
channels.

Casteels & Raeymaekers (1979) have reported that the in-
tracellular Ca”* stores in the guinea-pig longitudinal smooth
muscle cells are particularly labile since in Ca?*-free solution
the response of this muscle to agonists or to caffeine declines
rapidly. In Ca?*-containing solution, the responses to hista-
mine, to ryanodine, to thapsigargin and to caffeine were highly
sensitive to blockade of voltage-dependent Ca’* channels. In
1981, Bolton & Clark showed that histamine (100 uM) depo-

stores and their refilling in

Agent
in refilling
medium (M)
Control -
Nimodipine 1 um
D600 10 um
Bay K 8644 1 uMm
Thapsigargin 1 um
Thapsigargin 1 um
+Bay K 8644 1 um
Diazoxide 500 uMm

=

(V.- - RN Ve ]

6

Hist 3
Fura 2 ratio
(% Hist 1)

Contraction
(% Hist 1)

38.5+8.0 14.6+2.7
1.5+1.5%* 0.6+0.3
2.1+ 1.5%* 0+0*
59.9+5.0* 51.24+6.5%*
14.74+4.2** 15.1+£2.5
30.3+6.91t 44.249.4*
1.0+1.0%* 0+0*

Increases in fura 2 ratio and in contractile tone are expressed as percentage of the histamine (10 uM) responses evoked in physiological
solution (Hist 1). All values represent mean +s.e.mean, n= number of experiments. *P <0.05, **P <0.01, significantly different from
control, 'H'P<0 01 significantly different from response elicited after treatment with Bay K 8644 alone. Hist 3: addmon of histamine

10 uM in Ca?
solution for 5 min in the presence or not of testing agents.

*free solution, after depletion of the stores in Ca?

*_free solution by Hist 2 and re-exposure to a Ca?*-containing
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larizes the membrane of the guinea-pig ileum smooth muscle
cells to a value of about —44.3+1.6 mV which is close to the
threshold potential for activation of the L-type Ca?* channels.
The inhibition of the sustained response to histamine by the
Ca?* entry blockers, nimodipine and D600, is consistent with
this observation. However, the initial phasic response to his-
tamine elicited in Ca?* free solution, which is believed to be
related to the activation of Ins(1,4,5)P; receptors (Donaldson
& Hill, 1985), was also abolished. This indicates that Ca?*
entry blockade could affect the contractile response evoked by
the release of intracellular Ca?* stores.

Caffeine is known to evoke a direct and specific action on
sarcoplasmic reticulum (Endo et al., 1982). In the longitudinal
smooth muscle of the guinea-pig ileum, caffeine evoked a
smaller contractile response than histamine did while the Ca®*
signals were similar. This observation may be related to some
other actions of caffeine. Indeed, Watanabe et al. (1992) have
shown that in vascular smooth muscle, caffeine may directly
influence the Ca?* -tension relationship through an increase of
cyclic AMP level caused by phosphodiesterase inhibition.
However, Prestwich & Bolton (1995) have reported that up to
30 mM, caffeine had no effect on either basal or stimulated
levels of cyclic AMP in the guinea-pig ileum. Rembold ez al.
(1995) have shown in swine carotid artery that caffeine evokes
a relatively inhomogeneous cellular increase in [Ca2*];, sug-
gesting that caffeine may inhibit the contraction by localizing
increases in [Ca?*]; to small cytoplasmic regions distant from
the contractile apparatus, a view in agreement with the ob-
servation of Chen & Van Breemen (1993). The dissociation
that we observed between the Ca%* signal and the contraction
in the guinea-pig longitudinal smooth muscle exposed to caf-
feine could be related to such an effect, but this hypothesis
needs further studies.

The high sensitivity of the caffeine response to the calcium
entry blocker nimodipine is in agreement with the previous
observations of Watson et al. (1988) who reported that the
contractile response of the guinea-pig ileum smooth muscle to
caffeine is completely abolished by nifedipine. The action of
caffeine (at concentrations higher than 5 mM) may involve a
depolarizing effect as reported by Itoh er al. (1983) in the
rabbit mesenteric artery. This effect could lead to the activa-
tion of L-type Ca®* channels producing a caffeine-evoked
contraction sensitive to the action of nimodipine. However,
caffeine still evoked a transient contraction in Ca2* free solu-
tion (data not shown) indicating that part of the response was
mediated through the release of intracellular Ca2* stores. As
for histamine, the Ca?*-releasing action of caffeine was sensi-
tive to nimodipine pretreatment confirming the functional si-
milarity between the two intracellular Ca%* releasing processes
resulting respectively from Ins(1,4,5)P; and ryanodine re-
ceptors, a conclusion in agreement with the observation that
those receptors are associated with a common subcellular
structure (Wibo & Godfraind, 1994).

Ryanodine and thapsigargin have been used by several
authors to characterize the function of intracellular Ca?*
stores. Thapsigargin is a specific inhibitor of the SR Ca?*-
ATPase. It prevents the filling of the Ca?* stores, but when
used at concentrations higher than 1 uM, it interacts with L-
type Ca®* channels (Buryi et al., 1995). Ryanodine has been
shown to lock the sarcoplasmic reticulum (SR) Ca2* release
channels in an open state (Hwang & Van Breemen, 1987), and
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