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Abstract

We tested the hypothesis that cyclopiazonic acid (CPA), an inhibity words

of the sarcoplasmic reticulum (SR)GATPase, increases intracellu-+ Vascular smooth muscle
lar C&* concentration ([C];) in aortic myocytes and that the increase Intracellular calcium
in [Ca?*]; is higher in aortic cells from deoxycorticosterone acetatenobilization
(DOCA)-hypertensive rats. Male Sprague-Dawley rats, 250-300°¢affeine
underwent uninephrectomy, received a silastic implant containin ydOpl'aZOf”C acid |
DOCA (200 mg/kg) and had free access to water supplemented WI aggspciitr;;'gstrs:éii L;I;noc A
1.0% NaCl and 0.2% KCI. Control rats were also uninephrectomize yperytension
received normal tap water, but no implant. Intracellul&t @@asure- °~~
ments were performed in aortic myocytes isolated from normotensive

(Systolic blood pressure = 120 + 3 mmHg; body weight =478 + 7 g, N

= 7) and DOCA-hypertensive rats (195 + 10 mmHg; 358 + 16 g, N =

7). The effects of CPA on resting [€R and on caffeine-induced

increase in [CH]; after [C&"]; depletion and reloading were compared

in aortic cells from DOCA and normotensive rats. The phasic increase

in [C&*]; induced by 20 mM caffeine in &afree buffer was signifi-

cantly higher in DOCA aortic cells (329 + 36 nM, N = 5) compared to

that in normotensive cells (249 + 16 nM, N = 7, P<0.05). CPA (3 uM)

inhibited caffeine-induced increases in {Gan both groups. When

the cells were placed in normal buffer (1.6 mMCloading period),

after treatment with Cé-free buffer (depletion period), an increase in

[Ca?*]; was observed in DOCA aortic cells (45 + 11 nM, N = 5) while

no changes were observed in normotensive cells. CPA (3 uM) poten-

tiated the increase in [€% (122 + 30 nM, N = 5) observed in DOCA

cells during the loading period while only a modest increase #i][Ca

(23 +£10 nM, N =5) was observed in normotensive cells. CPA-induced

increase in [C#]; did not occur in the absence of extracellult*©Ga

in the presence of nifedipine. These data show that CPA indug¢es Ca

influx in aorta from both normotensive and DOCA-hypertensive rats.

However, the increase in [€§ is higher in DOCA aortic cells

possibly due to an impairment in the mechanisms that contréi[Ca

The large increase in [€% in response to caffeine in DOCA cells

probably reflects a greater storage of‘Gathe SR.
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Introduction Material and Methods

Cyclopiazonic acid (CPA), a mycotoxin DOCA-salt induced hypertension
from AspergillusandPenicillium, is a selec-
tive inhibitor of the sarcoplasmic reticulum  Adult male Sprague-Dawley rats weigh-
(SR) Cé*-ATPase and is widely used as ang 250-300 g (Charles River Laboratories,
pharmacological tool for investigating theinc., Portage, MI) underwent uninephrec-
role and turnover of intracellular €aCPA tomy (small flank incision, left side) under
has been shown to inhibit the SR2€a sodium pentobarbital anesthesia (50 mg/kg,
ATPase in skeletal (1), smooth (2,3) andp). In the same surgery, a silastic implant
cardiac muscle (4). The specific inhibitioncontaining DOCA (200 mg/kg) was im-
of the SR C&-ATPase by CPA may be planted subcutaneously behind the skull.
related to the inhibition of conformationalControl (normotensive) rats were also
changes associated with ATP hydrolysis andninephrectomized, but received no implant.
Ca&* transport (1). By inhibiting the ATP- After surgery, DOCA-treated rats received
driven C&* sequestration, CPA reduces thevater supplemented with 1.0% NaCl and
storage capacity of the SR for €and 0.2% KCI| and normotensive rats received
inhibits contractions that depend on intracelnormal tap water. All animals were fed stan-
lular C&* release (5-7). dard laboratory rat chow and had free access

CPA has been reported to increase intrae both food and water. The rats were housed
cellular C&* concentration ([Cd];) in endo- individually in a room kept at constant tem-
thelial cells from bovine pulmonary arteriesperature (24C) with a day-night cycle inter-
(8), but has no effect on membrane currentgal of 12 h each. Systolic blood pressure
of single myocardial cells (4). In aorta from(SBP) was determined in conscious restrained
deoxycorticosterone acetate (DOCA)-hyperrats by the standard tail cuff method (pneu-
tensive rats, CPA induced contractions immatic transducer), before and after surgery.
the presence of extracellularaut notin  The experimental protocols performed in
Ca*free buffer, suggesting that CPA acti-this study were in accordance with the State
vates C& influx (7). CPA-induced contrac- of Michigan guidelines on animal care as
tions were not observed in aorta from norwell as the standards and policies of the Unit
motensive rats. for Laboratory Animal Medicine, University

In the present study we tested the hypottef Michigan.
esis that CPA increases [Clain rat aortic
smooth muscle cells and that the CPA-inintracellular Ca2* measurements
duced increase in [€%; is higher in aortic
cells from DOCA-hypertensive rats. Intra-  Four to six weeks after surgery, rats were
cellular Ca&* measurements were performedanesthetized with sodium pentobarbital (60-
in aortic smooth muscle cells isolated from80 mg/kg,ip) and killed by pneumothorax.
normotensive and DOCA-hypertensive ratJhe thoracic aorta was removed, placed in
and the effects of CPA on resting fdeand physiological salt solution (PSS) and cleaned
on the increase in [€§ stimulated by 20 of fat and connective tissue. The PSS con-
mM caffeine were evaluated. The effects ofained 130 mM NaCl, 4.7 mM KCl, 1.18 mM
CPA and caffeine on [@§; were compared KH,PQ,, 1.17 mM MgSQ7H,0, 14.9 mM
to the effects of CPA and caffeine on vesséMlaHCQ,, 26 uM CaNgEDTA, 1.6 mM
tone according to a protocol obtained unde€aCk.H,O and 5.5 mM dextrose. Edree
similar experimental conditions. buffer contained 1 mM ethylene glycol-bis-



CPA and [Ca2*]; in DOCA aortic myocytes

(B-aminoethyl ether)-N,N,N’,N’-tetraacetic the window of the photomultiplier (PMT).
acid (EGTA) and no Cawas added. Fluorescence Fura-2 emission was excited
Vascular smooth muscle cells (VSMC)alternately with 340-nm and 380-nm bandpass
were isolated from aortas of normotensivét 5 nm) filters mounted in a computer-
and DOCA-hypertensive rats according teontrolled filter wheel (Lambda-10, Sutter
the method of Furspan and Webb (9). Brieflylnstruments, Novato, CA). Emitted light was
the thoracic aorta was rapidly removedfiltered with a 500-530 bandpass filter. Flu-
placed in 0.1 mM Cad Hanks’ solution at orescence emissions were captured with the
22°C and cleaned of fat and connective tisPMT, recorded and processed on a Mac Il fx
sue. The composition of Hanks’ solutioncomputer using data acquisition/analysis soft-
was 140 mM NacCl, 5.4 mM KClI, 0.44 mM ware (LabView 2, Version 2.2.1). The com-
KH,PQ,, 0.42 mM NaHPQO,, 4.17 mM puter also controlled the filter wheel alterna-
NaHCO, 26 uM CaNgEDTA, 0.10 mM tion up to a maximum rate of 90 msec/cycle.
CaChL.H,0, 5.0 mM HEPES and 5.5 mM Isolated VSMC exhibited no detectable
dextrose, pH 7.35. Vessels were cut into lautofluorescence. Maximum and minimum
mm segments, and placed into 5 ml of 0.JC&"]; were determined at the end of each
mM Ca*Hanks'’ solution containing 10 mg/ experimental protocol by treating the cells
ml bovine serum albumin (type 1), 1 mg/mlwith PSS containing 1.6 mM €zlus 1 uM
soybean trypsin inhibitor, 5 mM taurine, 0.4ionomycin and 15 mM EGTA (0 mM @3,
mg/ml dithiothreitol, 0.6 mg/ml type | colla- respectively. The ratios of 340/380 nm were
genase, and 0.6 mg/ml papain (all fromhen used to calculate [€h according to
Sigma, St. Louis, MO). Vessels were incuthe equation of Grynkiewicz et al. (10):
bated at 37C with gentle shaking for 40 min.
After incubation, vessel fragments were re- [Ca2"] = Kd( F - an> (i)
moved with a pipette and placed in 15-ml Fox-F/ \ Sh
plastic capped tubes and resuspended in 0.1
mM Ca&* Hanks’ solution containing albu- where: F = fluorescence ratio at 340/380 nm;
min, trypsin inhibitor and taurine as described,,, = the fluorescence ratio in saturating’Ca
above. Fragments were washed three tim¢®nomycin) solution; f, = the fluorescence
in this solution to remove enzymes and theratio in C&*-free (EGTA) solution, and 8f
incubated with 5 pM Fura-2 acetoxySh=theratioof 380-nm signalsinionomycin
methylester (Fura-2/AM) for 45 min at roomand EGTA solutions. It is important to note
temperature. After loading with Fura-2/AM, that external calibration methods using an
single cells were released from vessel fragassumed dissociation constang)(fr Fura-
ments by gentle pipette agitation. Isolate@/AM provide only a reasonable estimate of
VSMC in suspension were transferred to actual [C&];. Therefore, we have calculated
recording chamber on the stage of a Leitthe K; (297 nM) for Fura-2 in our system.
Diavert inverted fluorescence microscopeCalibration curves were obtained for most of
equipped with quartz optics. The recordinghe cells (basal ratio values as well as agonist-
chamber was maintained at°@7while be- induced changes in the ratio were constant in
ing superfused at 3 ml/min with PSS equili-all cells) and average values were calculated.
brated with 95% gand 5% CQ. All VSMC  [C&*]; was determined for all cells using the
were allowed to rest for 30 min for completederived calibration curve. The experimental
de-esterification of Fura-2 from its acetoxyprotocol was performed in various aortic cells
methylester form to the @asensitive Fura-2 from the same rat and the average values were
pentapotassium salt. Single VSMC with rethen determined. “N” represents the number
laxed fusiform morphology were isolated inof rats used in each protocol.
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Experimental protocol Statistical analysis

Caffeine-induced increases in faand Data are reported as means + SEM. The
changes in resting [€9, were evaluated in Student-test was used to compare observa-
single aortic smooth muscle cells as describdtbns between DOCA-hypertensive and nor-
in Figure 1. Briefly, aortic cells were stimu- motensive groups and differences related to
lated with 3 pM 5-hydroxytryptamine (5- treatment. The Bonferroni correction was
HT) (1 min), and rinsed in Cafree buffer used during multiple testing procedures.
for 10 min to deplete intracellular €atores Values of P<0.05 were considered to be
(depletion of intracellular Céa stores was statistically significant.
demonstrated by the lack of changes irf{{;a
upon subsequent exposure to 5-HT or cabrugs
feine). After C&* depletion, intracellular Ca
stores were loaded by placing the cells in All drugs were prepared daily and kept
PSS containing 1.6 mM @afor 10 min on ice during the course of the experiments.
(loading period). The bathing medium was-Hydroxytryptamine (5-HT) hydrochloride,
then replaced with Gafree buffer and the caffeine, cyclopiazonic acid (CPA) and
increase in [CH]; in response to 20 mM deoxycorticosterone acetate (DOCA) were
caffeine was induced after a 2-min exposurpurchased from Sigma Chemical Co., St.
to C&*-free PSS. The magnitude of this last.ouis, MO. lonomycin (Calbiochem, La
response was taken as a measure of the S8la, CA), CPA and Fura-2/AM (Molecular
C&*content (for additional details, see RefsProbes, Eugene, OR) were prepared as stock
7,11,12). The experiment was performed igolutions and dissolved in dimethyl sulfox-
the presence of 3 uM CPA or vehicleide (DMSO, Fisher Chemical, Fair Lawn,
(DMSO). Experiments previously performedNJ). The final concentration of DMSO in the
in our laboratory (7) have shown that 3 pMoath chamber did not exceed 0.1% v/v. The
CPA inhibits C&" uptake into the SR in the DOCA implant was prepared as 1:2 parts
aorta from both DOCA and normotensiveDOCA/Silastic (Dow Chemical Co., Mid-
rats [1G, (-log M) = 5.52 + 0.23 normoten- land, Ml) .
sivevs5.30 + 0.05 DOCA, N = 6].

The same protocol was used in aortaResults
from normotensive and DOCA rats for con-
traction measurements to correlate force and Systolic blood pressure values were sig-
[Ca21];. Aortic strips were stimulated with 3 nificantly higher (P<0.05) inthe DOCA group
UM 5-HT and, when maximal contraction(195 + 10 mmHg; N = 7) than in the normo-
was achieved, vessels were rinsed if*Ca tensive group (120 + 3 mmHg; N = 7), 4-6
free buffer for 10 min and subsequently inveeks after surgery. Mean body weight was
PSS containing 1.6 mM @afor an addi- 358 + 16 g for DOCA rats (N = 7) and 478
tional 10 min. Arteries were stimulated with7 g for normotensive rats (N = 7; P<0.05).
20 mM caffeine after a 1-min exposure to
Ca*-free buffer. The protocol was performedeffects of CPA on increases in [Ca2+];
in the presence of 3 uM CPA or vehiclestimulated by caffeine
(DMSO). The magnitude of the last response
to caffeine was taken as a measure of the Changes in [CH]; are indicated by alter-
functional capacity of the SR to releasé'Ca ations in the fluorescence ratio at 340 and
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380 nm (340/380 ratio). Basal [Ehvalues This concentration of CPA was utilized be-
were significantly higher in DOCA aortic cause the effects of CPA, indicated byC
cells compared to normotensive cells (86.4 £log M) values, on caffeine-induced phasic
14.4 nM, N = 5vs43.0 + 6.7 nM, N = 5, contractions did not differ between DOCA
respectively; P<0.05). Since the restind5.95 + 0.10, N = 6) and normotensive (5.76
[Ca21]; in aortic cells differed between nor-+ 0.25, N = 6) aorta and this concentration
motensive and DOCA rats, 5-HT- and cafproduces significant inhibition of caffeine-
feine-induced increases in [Cpas well as induced contractions (7). The increase in
changes in resting [€§; in aortic smooth [C&*]; in response to caffeine in the pres-
muscle cells from normotensive and DOCAence of 3 uM CPA was DOCA = 141 + 29
rats were reported as the differential increaseM (N = 5)vsnormotensive = 102 + 14 nM
in [C&Y;, i.e., peak [CAH]; minus resting (N =5).

[CaY;. Figure 1 illustrates the protocol em-

ployed in this study. The cells were stimulat£ffects of CPA on resting [Ca?*];

ed with 3 uM 5-HT and a phasic increase in

[Ca1; was observed. Cafree buffer con- During the loading period, no changes in
taining 3 pM CPA or vehicle was then intro-[Ca2*]; were observed in normotensive aor-
duced into the recording chamber and théic cells (Figure 1A). However, in DOCA
cells were allowed to equilibrate for 10 min.cells, a small increase in [Eh (45 + 11 nM,
After this period, 1.6 mM Cabuffer con- N = 5; P<0.05; Figure 1B) was observed
taining CPA or vehicle was placed in thewhen C&* was reintroduced into the cham-
chamber and the cells were allowed to equiliber bath. When the same protocol was used
brate for an additional 10 min. €dree in the presence of 3 uM CPA, both normo-
buffer was then reintroduced into the battiensive (Figure 1C) and DOCA-hyperten-
chamber and allowed to equilibrate for 2 mirsive rat aortic cells (Figure 1D) exhibited
before 20 mM caffeine was introduced. Théncreases in [C4d]; during the loading pe-
differential peak increase in [€§ induced riod. However, the increase was higher in
by caffeine in C&-free buffer was taken as DOCA aortic cells compared to normoten-
ameasure of Careleased from intracellular sive cells (122 + 30 nM, N =\&23 £ 10 nM,
stores. No differences were observed in Bl = 5, respectively; P<0.05). No changes in
UM 5-HT-induced increase in [€§ be- [Ca&*], during the loading period were ob-
tween normotensive and DOCA aortic cellsserved in aortic cells from DOCA rats when
The increase in [Cd], observed with 5-HT 3 uM CPA and 1 uM of the voltage-activated
was 445 + 49 nM for cells from DOCA rats, L-type C&* channel antagonist nifedipine
N = 5, and 350 £ 89 nM for cells from were introduced simultaneously into the
normotensive rats, N = 7. As can be obehamber bath (Figure 2D). These results sug-
served in the representative traces in Figurgest that an increased extracellula?‘Ga-

1, the increase in [G§; observed in re- flux mediates this response in aortas from
sponse to 20 mM caffeine was higher irhypertensive rats.

aortic cells from DOCA rats (Figure 1B, 329  Figure 3 summarizes the alterations in
* 36 nM, N = 5, P<0.05) compared to norforce and [C&]; exhibited by aortic strips
motensive aortic cells (Figure 1A, 249 * 16and isolated smooth muscle cells, respec-
nM, N = 7). Incubation with 3 pM CPA tively, from DOCA and normotensive rats
significantly reduced (P<0.05) the subsefor the protocol employed in this study. Aor-
quent increase in [G§; stimulated by 20 tic strips and isolated cells were stimulated
mM caffeine both in normotensive (Figurewith 3 uM 5-HT. Cé&*-free buffer containing
1C) and DOCA aortic cells (Figure 1D).3 uM CPA or vehicle was then introduced

Braz J Med Biol Res 30(2) 1997
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Figure 1 - [Ca2*]; of rat aortic
smooth muscle cells. Aortic
myocytes from DOCA-hyperten-
sive and normotensive rats were
stimulated with 3 uM 5-HT for 1
min and the protocol described
in Methods was performed.
Briefly, following stimulation
with 5-HT, aortic cells were
rinsed in Ca2*free buffer for 10
min to deplete intracellular Ca2+
stores. After Ca2+ depletion, in-
tracellular Ca2* stores were
loaded by placing the cells in PSS
containing 1.6 mM Ca2* for 10
min. After a 2-min exposure to
CaZ+-free PSS the cells were
stimulated with 20 mM caffeine.
Tracings A (normotensive) and B
(DOCA) illustrate control (no
CPA) responses in aortic cells
using DMSO as vehicle.
Changes in [Ca2*]; during the
Ca2*-loading period and in re-
sponse to 20 mM caffeine were
higher in aortic cells from DOCA-
hypertensive rats compared to
normotensive cells. Tracings C
(normotensive) and D (DOCA) il-
lustrate the effects of CPA. CPA
(3 uM) potentiated the increase
in [Ca2+]; during the loading pe-
riod both in DOCA and normo-
tensive aortic cells. However,
the increase in [Ca2+];during the
Ca2+-loading period was higher
in aortic cells from DOCA-hyper-
tensive rats compared to normo-
tensive cells. CPA also attenu-
ated phasic responses to 20 mM
caffeine in DOCA-hypertensive
and in normotensive aortic cells.
Tracings are representative of 5-
7 experiments and values indi-
cated in the figure were obtained
from one of these experiments.
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Figure 2 - Effects of nifedipine
A on CPA-induced contraction and
the increase in [Ca?*]; in DOCA
aortic smooth muscle cells. The

67 % same protocol as described in
200 mg the legend to Figure 1 was per-
formed in aortas and isolated
aortic myocytes from DOCA-hy-
pertensive rats in the presence
of 3 uM CPA (A and B) or CPA
plus 1 uM nifedipine (C and D).
Nifedipine inhibited both con-
tractile responses and the in-
crease in [Ca2*]; during the Ca2+-

100 nM loading period in DOCA aortic
148 nM gells. Tracingg are representa-
1 min TIV? of6e>.<per|m§nts and values
indicated in the figure were ob-
tained from one of these experi-
ments.

1 min

3uM 3 ul\/l 3 ul\/l
5-HT CPA CPA
2
S Ca™ 1.6 mM Ca2+ buffer
200 mg
L—| 1 min 5.5 %
e anlll
100 nM
1 min 0nM
3 uM 3 ul\/l 3 uM CPA
5-HT CPA 1 uM Nifedipine
2
S Ca™ 1.6 mM Ca2* buffer
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Figure 3 - Changes in tone (A)
and [CaZ*];i (B) in DOCA-hyper-
tensive and normotensive aortic
smooth muscle cells. Alterations
in force observed in DOCA aor-
tas in the presence of vehicle or
CPA, during the protocol previ-
ously described (Figures 1 and
2), are comparable to the alter-
ations in [CaZ*]i. The bars indi-
cate mean = SEM for changes in
force (mg, N = 10-12) and [CaZ+];
(nM, N = 5-7). DOCA, DOCA-
hypertensive; control, normoten-
sive; CPA, cyclopiazonic acid (3
UM). *P<0.05 compared to the
normotensive group; *P<0.05
compared to control conditions
(vehicle).
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sponses and increases in {astimulated

by caffeine were higher in the DOCA group
compared to those in the normotensive group.
CPAinhibited caffeine-induced contractions
and increases in [€3; in both groups.

[ A [ Control
[l pocA

m Control + CPA

800 DOCA + CPA

600

400

Force (mg)

Discussion
200 The present study was performed to deter-
mine the effects of CPA, a specific and re-
o g @ versible inhibitor of the SR CaATPase, on
Serotonin period [C&]; of aortic cells isolated from normoten-
sive and DOCA-hypertensive rats. We have
tested the hypothesis that CPA increases
[C&]; in aortic smooth muscle cells and that
the increase in [G§; is higher in cells from
DOCA-hypertensive rats. Changes in {{ia
stimulated by caffeine as well as the effects of
CPA on caffeine-induced responses were also
evaluated in both types of vascular smooth
muscle cells. Cyclopiazonic acid is an indole
tetramic acid metabolite derived from tryp-
tophan which is produced by fungi such as
AspergillusandPenicillium The specific in-
hibition of the SR CH-ATPase by CPA may
into the recording chamber for 10 min tobe related to the inhibition of conformational
deplete intracellular Castores. During the changes associated with ATP hydrolysis and
loading period, 1.6 mM CGabuffer contain- Ca* transport (1). However, unlike thapsi-
ing CPA or vehicle was placed in the chamgargin, a tumor-promoting sesquiterpene lac-
ber for an additional 10 min. €afree buffer tone which binds irreversibly to the SR?Ga
was then reintroduced into the bath beforaTPase, CPA does not block the enzyme in
20 mM caffeine was added. The bars reprehe E or E state (1,13,14).
sent the changes in tone and{;@bserved These agents promote depletion of intra-
after 3 pM 5-HT stimulation, during the cellular C&* stores by inhibiting Ca uptake
loading period, and in response to 20 mMnto the SR and, consequently, they inhibit
caffeine. No differences in 5-HT-inducedresponses to drugs that releasé*Geom
contraction or increase in [€§ were ob- intracellular stores (5-7). CPAreduces or abol-
served between the DOCA and normotenshes contractions induced by caffeine in guin-
sive groups. Changes in tone or {@adur-  ea pig ileum (3), in rat skeletal muscle and
ing the loading period under control condi-mesenteric arteries (5,6) and in aortas from
tions (vehicle) were observed only in DOCAnormotensive and DOCA-hypertensive rats
preparations. In the presence of 3 uM CPA(7). In the present study, CPA also decreased
aortic strips and isolated cells from boththe caffeine-induced phasicincrease irff;a
DOCA and normotensive rats presente@Figure 1C,D) in rat aortic myocytes, consis-
changes in tone and [€h during the load- tent with an inhibitory action of CPA on €a
ing period, but the changes were higher inptake into the SR. The CPA-induced inhibi-
DOCA preparations. The contractile re-tion of the caffeine-induced increase in{Ga

Caffeine

580 | B

(nM)

~ 380

180

Changes in [Ca2+]

*

0 -

3uM
Serotonin

20 mM
Caffeine

Loading
period
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is not related to the inhibition of cyclic aden-SR, but to increased cell membrane perme-
osine 3',5-monophosphate (CAMP) phos-ability to C&* (7). Since C& uptake into the
phodiesterase or the increase in cAMP, sincuperficial SR is mediated mainly by %Ga
no inhibition of caffeine-induced responseATPase, which is a saturable active trans-
was observed in the presence of vehicle. porter, it could be bypassed by a high rate of
The caffeine-induced differential peak in-Ca* entry. C&* entering at slower rates could
crease in [CH]; in Ca*-free buffer, a reflec- be effectively removed from the cytoplasm
tion of C&* released from the SR, was higheibefore activation of the contractile proteins.
in DOCA aortic cells compared to normoten-Since the spontaneous increase ir?ffzan
sive cells (Figure 1A,B). We have also obDOCA aortic cells is only observed in the
served that phasic contractile responses fwresence of external €aa higher C# influx
caffeine in C&'-free buffer were enhanced in may occur in these cells.
aorta from DOCA rats (7). Taken together, CPA-induced increase in [E4 was ob-
these observations support our previous sugerved in both aortic smooth muscle cells
gestion of an expansion of intracellular?Ca from DOCA and normotensive rats. Bar6 and
stores in vessels from DOCA-hypertensivétisner (25) have shown that thapsigargin in-
rats (7). creases [CH]; in smooth muscle cells iso-
The basal [CH]; was higher in DOCA lated from the rat mesenteric artery by induc-
aortic smooth muscle cells compared to noiing C&* release from the norepinephrine- and
motensive cells. Elevated intracellular?€a caffeine-sensitive stores. In our studies, the
levels have been reported in aortic smootfCa*); increase was not due toCaelease
muscle cells from spontaneously hypertenfrom intracellular stores since it was also
sive rats (SHR) compared to normotensivebserved after depletion and during loading
Wistar Kyoto (WKY) rats (15,16) and haveof the intracellular C# stores. The modula-
been associated with increased vascular redory effects of the SR on €aentry through
tivity in hypertension (17-21). Cytochemicalthe plasma membrane have been proposed in
studies on aortic smooth muscle cells fronthe capacitative model (26,27), which sug-
DOCA rats have demonstrated increased cgests that depletion of intracellularrCstores
toplasmic C& and elevated CGain the sarco- activates extracellular €aentry, possibly in
plasmic area (22,23), a fact that also supportgder to refill the intracellular Castores. In
our observations. lymphocytes (28) and inXenopusoocytes
An increase in [CH]; during the loading (29), the emptying of intracellular Eastores
period was only observed in aortic cells fromactivates C# influx through the release of an
DOCA-hypertensive rats. Chen et al. (24)ntracellular messenger. CPA can indirectly
have proposed that the SR regulate{Ca promote intracellular Ca store depletion
and acts as a superficial buffer barrier byince it inhibits C# uptake into the SR. The
taking up C# that enters the smooth muscleempty stores may trigger the influx of external
cell. In this model, the SR may determine th€a* and, in this sense, may explain the differ-
threshold [C&T; that induces contraction andent effects of CPA which have been reported.
may regulate the steady-state {JiaA dys- In endothelial cells, CPA induces external
function in the SR Ca uptake would de- Cé&*influxthrough non-selective cation chan-
crease the ability of the smooth muscle cellgels probably by a continuous leak of?’Ca
to control [C&T]; and would result in in- from the endoplasmic reticulum (8). How-
creased [CH];. We have previously suggestedever, in myocardial cells no changes were
that the increase of [€3 in DOCA aorta, observed in membrane currents in response to
indicated by spontaneous contractions, is néPA (4). In the present study, the observation
due to an impairment of €auptake into the that the CPA-induced increase in {@aas

265

Braz J Med Biol Res 30(2) 1997



266

References

1. Seidler NS, Jona |, Vegh M & Martonosi A

R.C.A. Tostes et al.

well as the CPA-induced changes in tone di€@hanges in the transmembrane diadient
not occur in C&-free buffer and were blocked may alter, for example, the activity of the'Na
by nifedipine supports the idea that CPA actiCa2* exchanger, which couples €afflux to
vates C# influx. Similarly, in skeletal muscle Na* influx, an important mechanism for €a
arterioles, it has been shown that the CPAextrusion following a transient rise in [Ch
induced increase in tone is inhibited by nifed{38). In fact, an increased intracellular*Na
ipine and Cé&-free PSS (6). The mechanismscontent has been shown in vascular smooth
by which CPA increases [€4 are unknown, muscle from DOCA-hypertensive rats (39,40).
but there are suggestions that CPA inhibit¥he increased intracellular Naontent may
Ca*-dependent K channels (30) and in- alter the N&C&* exchange system, with a
creases Cainflux through voltage-operating consequent increase in i&a
C&* channels (31). The data presented here support the hy-
Anincreased transmembrane2Ciiux as  pothesis that CPA increases fQain vascu-
well as altered activity of Gachannels have lar smooth muscle from DOCA-hypertensive
been reported in vessels from hypertensivend normotensive rats and that the increase in
animals (32-36). Furthermore, Soltis and FiellC&"]; is higher in DOCA aortic smooth
(37) reported an increased reactivity to KChmuscle cells. The alterations inhandling
and to norepinephrine in femoral arteries fronobserved in DOCA aorta do not involve an
DOCA rats, which was related to increasethadequate SR buffering ability, as previously
sensitivity to extracellular G3 supporting suggested, but are possibly related to an in-
the suggestion of an augmented membrareeased membrane permeability t¢‘C&he
permeability to C&. While an increased mem- augmented intracellular €devels in DOCA
brane permeability to €ain DOCA aortic aorta may be the consequence of increased
cells can account for the alterations observe@a* influx and may be responsible for the
alternative mechanisms must be consideredreater contractile responses to caffeine ob-
For example, reduced €axtrusion through served in this hypertensive model.
plasma membrane €aATPase, and in-
creased sensitivity of the contractile proteini
to C&* have been reported in the literature ¢
(19,20). Interactions betweenNand [C&*);
should also be taken into consideration. The authors thank Ms. Mary Lloyd for
excellent technical assistance.

knowledgment

4. Takahashi S, Kato Y, Adachi M, Agata N, 7. Tostes RCA, Traub O, Bendhack LM &

(1989). Cyclopiazonic acid is a specific in-
hibitor of the Ca2+ATPase of sarcoplas-
mic reticulum. Journal of Biological Chem-
istry, 264: 17816-17823.

Deng HW & Kwan CY (1991). Cyclopia-
zonic acid (CPA) is a sarcoplasmic reticu-
lum Ca2* pump inhibitor of rat aortic
smooth muscle. A functional study. Acta
Pharmacologica Sinica, 12: 53-58.

Uyama Y, Yamazumi Y & Watanabe M
(1992). Effects of cyclopiazonic acid, a
novel Ca2*-ATPase inhibitor, on contrac-
tile responses in skinned ileal smooth
muscle. British Journal of Pharmacology,
106: 208-214.

Braz J Med Biol Res 30(2) 1997

Tanaka H & Shigenobu K (1995). Effects
of cyclopiazonic acid on rat myocardium:
Inhibition of calcium uptake into the sar-
coplasmic reticulum. Journal of Pharma-
cology and Experimental Therapeutics,
272:1095-1100.

Shima H & Blaustein M (1992). Modula-
tion of evoked contractions in rat arteries
by ryanodine, thapsigargin, and cyclopia-
zonic acid. Circulation Research, 70: 968-
977.

. Watanabe J, Karibe A, Horiguchi S,

Keitoku M, Satoh S, Takishima T & Shirato
K (1993). Modification of myogenic intrin-
sic tone and [Ca?*]; of rat isolated arteri-
oles by ryanodine and cyclopiazonic acid.
Circulation Research, 73: 465-472.

Webb RC (1995). Sarcoplasmic reticulum
Ca?+ uptake is not decreased in aorta
from DOCA-hypertensive rats: functional
assessment with cyclopiazonic acid. Ca-
nadian Journal of Physiology and Pharma-
cology, 73: 1536-1545.

Pasyk E, Inazu M & Daniel EE (1985). CPA
enhances Ca2* entry in cultured bovine
pulmonary arterial endothelial cells in an
IP3-independent manner. American Jour-
nal of Physiology, 268: H138-H146.
Furspan PB & Webb RC (1990). Potas-
sium channels and vascular reactivity in
genetically hypertensive rats. Hyperten-
sion, 15: 687-691.



CPA and [Ca2*]; in DOCA aortic myocytes

20.

Grynkiewicz G, Poenie M & Tsien RY
(1985). A new generation of CaZ* indica-
tors with greatly improved fluorescence
properties. Journal of Biological Chemis-
try, 260: 3440-3450.

Karaki H, Kubota H & Urakawa N (1979).
Mobilization of stored calcium for phasic
contraction induced by norepinephrine in
rabbit aorta. European Journal of Pharma-
cology, 56: 237-245.

Perry PA & Webb RC (1991). Agonist-
sensitive calcium stores in arteries from
steroid hypertensive rats. Hypertension,
17.603-611.

Lytton J, Westlin M & Hanley MR (1991).
Thapsigargin inhibits the sarcoplasmic or
endoplasmic reticulum Ca2+-ATPase fam-
ily of calcium pumps. Journal of Biological
Chemistry, 266: 17067-17071.

Witcome M, Michelangeli F, Lee AG &
East M (1991). The inhibitors thapsigargin
and 2,5-di(tert-butyl)-1,4-benzohydro-
quinone favour the E, form of the
Ca2+Mg2+-ATPase. FEBS Letters, 304:
109-113.

Sugiyama T, Yoshizumi M, Takaku F &
Yazaki Y (1990). Abnormal calcium han-
dling in vascular smooth muscle cells of
spontaneously hypertensive rats. Journal
of Hypertension, 8: 369-375.
Papageorgiou P & Morgan KG (1991). In-
tracellular free-Ca2* is elevated in hyper-
trophic aortic muscle from hypertensive
rats. American Journal of Physiology, 260:
H507-H517.

Bohr DF & Webb RC (1984). Vascular
smooth muscle function and its changes
in hypertension. American Journal of
Medicine, 77: 3-16.

Kwan CI (1985). Dysfunction of calcium
handling by smooth muscle in hyperten-
sion. Canadian Journal of Physiology and
Pharmacology, 63: 366-374.

Mulvany MJ & Nyborg N (1980). Increased
sensitivity of mesenteric resistance ves-
sels in young and adult spontaneously hy-
pertensive rats. British Journal of Pharma-
cology, 71: 585-596.

Mecca TE & Webb RC (1984). Vascular
responses to serotonin in steroid hyper-
tensive rats. Hypertension, 6: 887-892.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Longhurst PA, Rice PJ, Taylor DA &
Fleming WW (1988). Sensitivity of caudal
arteries and the mesenteric vascular bed
to norepinephrine in Doca-salt hyperten-
sion. Hypertension, 12: 133-142.

Aguas AP & Nickerson PA (1983). In-
creased Ca2* in the sarcoplasm of aortic
smooth muscle cells from rats made hy-
pertensive with DOC. A quantitative ultra-
structural and cytochemical study. Jour-
nal of Submicroscopy and Cytology, 15:
425-431.

Nickerson PA & Yang F (1988). Calcium
distribution in aortic smooth muscle cells
of deoxycorticosterone-hypertensive rats.
A quantitative cytochemical study. Jour-
nal of Submicroscopy in Cytology and Pa-
thology, 20: 317-324.

Chen Q, Cannell M & van Breemen C
(1992). The superficial buffer barrier in
vascular smooth muscle. Canadian Jour-
nal of Physiology and Pharmacology, 70:
509-514.

Bard | & Eisner DA (1992). The effects of
thapsigargin on [Ca2+];in isolated rat mes-
enteric artery vascular smooth muscle
cells. Pfltigers Archiv, 420: 115-117.
Putney Jr JW (1986). A model for recep-
tor-regulated Ca2* entry. Cell Calcium, 7:
1-12.

Putney Jr JW (1990). Capacitative calcium
entry revisited. Cell Calcium, 11: 611-624.
Randriamampita C & Tsien RY (1993).
Emptying of intracellular Ca2+ stores re-
leases a novel small messenger that
stimulates Ca2+ influx. Nature, 364: 809-
814.

Parekh AB, Terlau H & Stuhmer W (1993).
Depletion of InsP3stores activates a Ca2+
and K+ current by means of a phosphatase
and a diffusible messenger. Nature, 364:
814-817.

Suzuki M, Muraki K, Imaizumi Y &
Watanabe M (1992). Cyclopiazonic acid,
an inhibitor of the sarcoplasmic reticulum
CaZ* pump, reduces Ca2*-dependent K*
currents in guinea-pig smooth muscle
cells. British Journal of Pharmacology,
107:134-140.

31.

32.

33.

34.

3b.

36.

37.

38.

39.

40.

267

Uyama Y, Imaizumi Y & Watanabe M
(1993). Cyclopiazonic acid, an inhibitor of
Ca2*+ATPase in the sarcoplasmic reticu-
lum, increases excitability in ileal smooth
muscle. British Journal of Pharmacology,
110: 565-572.

Aoki K & Asano M (1986). Effect of Bay K
8644 and nifedipine on femoral arteries of
spontaneously hypertensive rats. British
Journal of Pharmacology, 88: 221-230.
Hermsmeyer K, Sturek M & Marvin W
(1989). Vascular muscle Ca2+ channel
modulation in hypertension. Journal of
Cardiovascular Pharmacology, 14 (Suppl
6): 45-48.

Noon JP, Rice PJ & Baldessarini RJ
(1978). Calcium leak as a cause of high
resting tension in vascular smooth muscle
from spontaneously hypertensive rats.
Proceedings of the National Academy of
Sciences, USA, 75: 1605-1607.

Wilde DW, Furspan PB & Szocik JF
(1994). Calcium current in smooth muscle
cells from normotensive and genetically
hypertensive rats. Hypertension, 24: 739-
746.

Ohya Y, Abe I, Fujii K, Takata Y &
Fujishima M (1993). Voltage-dependent
CaZ* channels in resistance arteries from
spontaneously hypertensive rats. Circula-
tion Research, 73: 1090-1099.

Soltis EE & Field FP (1986). Extracellular
calcium and altered vascular responsive-
ness in the deoxycorticosterone acetate-
salt rat. Hypertension, 8: 526-532.

Van Breemen C, Aaronson P &
Loutzenhiser R (1979). Sodium-calcium in-
teractions in mammalian smooth muscle.
Pharmacological Reviews, 30: 167-208.
Friedman SM, Mcindoe RA & Tanaka M
(1988). The relation of cellular sodium to
the onset of hypertension induced by
DOCA-saline in the rat. Journal of Hyper-
tension, 6: 63-69.

Krep H, Price DA, Soszynski P, Tao QF,
Graves SW & Hollenberg NK (1995). Vol-
ume sensitive hypertension and the
digoxin-like factor. American Journal of
Hypertension, 8: 921-927.

Braz ) Med Biol Res 30(2) 1997



