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Evoked tensions in rabbit aorta by emptying intracellular Ca?* stores
with cyclopiazonic acid, thapsigargin. and ryanodine

LUO Da-Li. L1 Wen-Han

(Department of Pharmacology, Harbin Medical University. Harbin 150086, China)

AIM: To study the increase of plasma mem-
brane Ca‘t permeability in response to deple-
METH-
In Ca’t-ftee medium, 2 selective in-

tion of intracellular Ca®t stores.
ODS.;
hibitors of sarcoplasmic reticulum (SR) Ca®t
pump ATPase. cyclopiazonic acid {CPA) and
thapsigargin (Tha). and an activator of Calt-
induced Ca®' release channel (CICR), ryan-
adine (Rya ), depleted
stotes sensitive to both caffeine and phenyle-

intracellular Ca®t

phrine in rabbit aortic rings and caused sus-
when Ca®t
These tensons were taken as the increase of
plasma Ca®! permeability by depletion of in-
RESULTS: The
extracellular Ca**-dependent tensions caused

tained tensions reintroduction.

tracellular Ca®* stores.
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by Tha and Kya 3 pmol+<L"" and CPA 30 pmol
‘L7 were 0.94. 1.1, and 0. 14 g, respective-
ly. and the tension caused by Rya was not in-
hibited hy CPA. CONCLUSION: (a) Be-
sides the depletion of intracellular Ca®' stores,
an activated state of Ca®" release channels in
SR may alsc mediate the activation of Ca®* in-
flux from plasma membrane in rabbit aorta;
(b} Rya needs caffeine to fully open CICR
channel in SR.
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Sarcoplasmic reticulum (SR) of vascular
smooth muscle plays a pivotal tole in the
maintenance of intracellular Ca** concentra-
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tion [Ca®' J]. Upon various triggers. it
induces contractions by releasing Ca*' but acts
as a Ca®" buffer when [Ca’t], rises™?. In
1986, a * capacitative” coupling model was
proposed that the plasmalemmal Ca’" perme-
ahbility could he mediated by depletion of inosi-
tol 1, 4, 5-trisphosphate {(ITP )}-sensitive
intracellular Ca®' store*”. This model was
evident in a variety of non-excitable cells and

1531 Since no report

aortic smooth muscle cells
was seen on the basis of contractile measure-
ments, we were interested in expanding this
model to the intact vascular smooth muscle by
using 2 structurelly unrelated inhibitors of SR
Ca*" pump ATPase, the cyclopiazonic acid
(CPA) and thapsigargin (Tha), and an acti-
vator of calcium-induced Ca®' release (CICR)
channel, the ryanodine (Rya).

In the present study, we conducted caf-
feine- and phenylephrine (FPhe)-induced con-
tractions of rabbit aorta in Ca**-free medium
to detect the filling state of SR and measured
tensions induced by the 3 drugs via depletions
of the CICR and ITP-induced Ca** release
(IICR} Ca‘t stores and sequent reintroduction
of Ca®t,

MATERIALS AND METHODS

Japanese white rabbitss 3} » weighing 2. 545 0. 6
kg were anesthetized by iv pentobarbital sodium 35 mg
kg7,
inte rings 2— 3 mm in length. After the endothelial

Thoracic aorta was excised. cleaned, and cur

layer was removed by rubbing the luminal surface, the
rings were suspended in organ baths containing 10 mL
physiclogical saline solution (PSS) at 37 C, gassed
with 100 % O;. The PSS contained: NaCl 118, KCl
4. 7. Mg80, 1. 2. CeCl:2. 5. KH,PO, 1. 2. glucose
11. 5. and HEPES 5 mmol-L~'. pH 7. 4. High-K*
PS5 was made by substituting NaCl with an equimolar
KCl and Ca**-free PSS was made by omitting CaCl,
but adding egtazic acid 2 mmol+L™'. Isometric tension
was measured with a transducer ( T7-30-240 QOrientec,
Japanl. a carrier amplifier (6M81. NEC. jJapan}, and
a potentiometric recorder ( Servocorder SR 6211.

Japan .

After a 2-h equilibration under a resting tension
of 1 g+ the muscle was challenged by high-K* PSS or
Phe 1 pmol L~ " until a steady contraccile response to
the 2 agonists was abtained. After a 50 min incubation
in PSS and 10 min in Ca**-free PSS, the rings pro-
duced a phasic contraction either by caffeine 20 mmol
*L."' or Phe 1 umol-1.7! as control. Then. the tissues
were incubated with CPA, Rva. or Tha for 10 min, 40
min: and 5 h, respectively in PSS and were challenged
with caffeine or Phe in Ca®” -free PSS for 10 min to de-
plete the CICR or IICR Ca'* store. During the next
50-min PSS incubation in the presence of CPA ., Tha,
or Rya. the rings produced a sustained tension which
was taken as an increase of Ca®** membrane permeabili-
1y caused by emptying of Ca®" stores for during this
50-min period; (1) The caffeine or Phe had been com-
pletely washed out after 25 min: (2) In Ca’ -{ree PSS
incubation for 50 min in the presence of CPA, Tha, or
Eya, there was no tension observed; (3} CPA. Tha,
and Rya exhibited no direct effect on stimulating the
Ca®" entry nto cells™®, Then, the PSS was changed
to Ca**-free PSS for 10 min and incubated with cal-
feine or FPhe to assess the [illing state of the Ca®*
stores and thus referred to inhibition of Ca*" reloading
in SR by the 3 drugs (Fig 1}. These inhibitory eflects
were expressed as U; of contracrile responses to either
caffeine or Phe in controlled contractions and total
inhibition was presumed to be complete depletion of

the store.

Fig 1. Experimental protocol for caffeine or phenyle-
phrine.

CPA, Tha. and HEPES were purchased from
Sigma. All other drugs and agents were bought from
Wako Co. Japan. Statistic analysis referred to ¢ test.

RESULTS

Tensions induced by CPA, Tha. and Rya
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after depletion of Ca®" stores After pretreat-
ment of the rings with CPA. Tha. Rya, and
then caffeine or Phe., a snstained tension was
seen, but not after ( H;O and
Me,SO), upon Ca?! reintroduction (Fig 2,3).
Rya caused a tension after calfeine, but not
after Phe.
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Fig 2. Tensions induced by CPFA. Tha, and Rya in
riabbit aortic rings after depletion of caffeine-sensitive
Ca®” store. m=¢6 rabbits, ¥+s.

*P<0.05. “P<0.01 vs Me,SO and water.

Effects of CPA, Tha, and Rya on reload-
ing of Ca’' to intracellular stores CPA and
Tha produced a conceniration-dependent inhi-
bition on the phasic contraction induced by
calfeine or Phe (Fig 4.

The inhibition was almost complete with
CPA 30 pmol <L~ but around 60 ¥ with Tha
at the highest concentration. while Rya com-
pletely inhibited the caffeine-induced contrac-
tion and around 30 % inhibition of Phe-
induced coniraction (data not shown),

When the tissues were incubated with
Rya for 40 min and then exposed to both Phe
and caflfeine 20 mmol <L~ for 10 min, 1 h later
a phasic contraction induced by Phe was com-

pletely abolished and an increase of tension
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Fig 3. Tensions induced by CPA. Rya. and Tha in
rabbit aortic rings after depletion of Phe-sensitive
Ca** store. »=46 rabbits, T=*=,

"P<Z0. 05, “P<I0.01 vs Me,SO or water (1.

after Ca**

These results indicated that caffeine was
essential to the effect of Rva on CICR. All the
3 drugs were hard to be totally washed out,
When CPA was
washed out, the inhibitory effects and the

reintroduction was seen (Fig 3.4).

especially Tha and Rya.

induced tension was no longer noticed.,
Effects of CPA and Tha on centractions
induced by high-K*' and Phe in PSS Both the
highest concentrations of CPA and Tha inhib-
ited the contraction induced by high-K* PSS
(Tha also inhibited the contractile response to
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Filg 4. Relationships between inhibltloms of contrme-
tile responses to caffeine and Phe In Ca’" -free media
and lensions produced after Ca'™ relntrodoction with
PSS by CPA .\ Tha, and Rya.

Phe 1 pmol-L™') in PSS medium (Tab 1).
The tension caused by Rya upon reintroduc-
tion of Ca*" was not influenced by CPA 30
pmol L™ (2= 6 animals).

Tab 1. Inhibltory effects of CPA amd Tha on contrac-
tions Induced by high K™ and Phe, n=¢§ snimals.
X*s. “P<0. 05 v5 Me,S0.

[ Contraction/ %4
pmo high K* Phe
Me, SO 30 pl 102. 0%+ 2. 0 102, 02,0
CPA 30 88. 7+ 2. 2° 98.9%+1.5
Me,SO 30 ul 117. 0£1.0 117.0£1. ¢
Tha 3 99.0+0. 9% 99, 54 1. 0
DISCUSSION

In this study. we have shown that 2 se-
lective inhibitors of SR Ca? pump ATPase,
CPA and Tha, and a CICR activator Rya pro-
duced a sustained tension after depletion of SR
Ca*t stores in the intact aortic smooth muscle.
With each drug used the tension was extracel-
lular Ca®*-dependent and in a concentration-
dependent manner. These observations were
in agreement with the findings in a variety of
isolated cells“*"", However, considerable
differences among the tensions were observed
with the 3 drugs. Though Rya and CPA (at

the highest concentration) shared the ability
of deplering Ca®* stores completely, the ten-
sion due to Rva was much greater than that
due to CPA. The interesiing results wete also
seen with Tha (Fig 4) and had been reported
in other studies™ 1",

Due to CPA and Tha were showed no
inhibitory effect on Ca®' putnp ATPase activi-
ty of plasmalemma membrane from porcine
aorta {to be published), the more [Ca®" ]
induced by Tha could not be different Ca®*
pump ATPase activity of cell membrane.
Since Rya also produced an almost same ten-
sion even in the presence of CPA, and CPA
showed no greater inhibitory effect on contrac-
tion induced by high-K* or Phe in PSS medi-
um than Tha did (Tab 1). The suggestion
that CPA may possess some inhibitory effect
on Ca’? influx'*' may not be the crucial point
to explain this difference. Alternatively. Rya
does not appear to affect the contractile appa-
ratus or the sarcolemmal calcium transport
mechanisms", instead it keeps the CICR
channel in an open state and depleis this
store. CPA also has no influences on the con-
tractile profeins™! 17,

In sum, we suggested; {a) In addition to
depletion of intracellular Ca®* stores, an acti-

2

vated state of Ca”' release channel may also be
a messenger mediating the Ca*' influx in rab-
bit aortic muscle; (b) Rya needs caffeine to

fully open the CICR channel in SR.
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