BIBLID: 1SSN 0253-9756

Acta Pharmacologica Sinica  F 8 #& 52 #5340

1996 Mar; 17 (2> 142 - 145

Effects of captopril and enalapril on intracellular Ca®”

in vascular smooth muscle cell’

QI Jian-Hua, ZHANG Lu*, WANG Jun, WEI Pei-Jing, GU Pei-Kun, JIN Zheng-Jun,

HUANG Ming-Zhi*, WANG Hong-Yuan®

{ Department of Pharmacology, °Department of Computrer Applivations to Medicine, °Shanghai Institute
of Hypertension, Shanghai Second Medical Universitv, Shanghai 200025, Chinu)

KEY WORDS thoracic aorta; cultured cells;
inbred WKY r1ats; inbred SHR rats;
angiotensin 11
Fura-2

calcaum

captopril; enalapril; nifedipine;

AIM: To determine whether angiotensin-converting
enzyme inhibitors can affect Ca?* handling in cul-
tured aortic smooth muscle cells { ASMC) directly.
METHODS: Cultured ASMC derived from rat aorta
were loaded with the intracellular Ca?* ([Ca]®*)
fluorescent indicator Fura 2-AM and digital image
processing technique was used. RESULTS: Rest-
ing [Ca?* l; was greater in ASMC from SHR wus
WKY({P<(.01). KCI-, norepinephrine ( NE}-,
and angiotensin 11 { Ang}-induced [Ca?* 1, increases
were enhanced in ASMC of SHR s WEKY (220
+B, 212+ 8, and 215+ 14 =5 199 £ 6, 202 = 7,
Captopril
{Cap) and enalapril (Ena) had no inhibitory effect
on KCl-, NE-, and Ang-induced [Ca®" ], increases
in ASMC of WKY. Cap and Ena inhibited KCl-,
NE-, and Ang-increased [Ca?* ], in ASMC of SHR
(210t 7, 194 £ 6, and 201 + 6 nmol-L ', respec-
tively). Enpa and nifedipine similarly decreased
KCl-. NE-, and Ang-increased [Ca®* l,- CON-
CLUSION: Cap blocked K(Cl-, NE-, and Ang-
increased ([Ca®* ],) via a voltage-dependent Ca®*

and 195 * 7 nmol - L™, respectively}.

channel of which function and specificity was altered

in ASMC of SHR.

{ ACE 7
inhibitors were widely used for treatment of hyper-

Angiotensin-converting  enzyme
tension. But the wvasodilating action of ACE
inhibitors cannot be fully explained in terms of a

reduction of circulating angiotensin 11 ( Ang)-''.

! Project supported by the MNational Matural Science Foundarion of
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Though the inhibition of tissue ACE and accumula-
tion of bradykinin which was known to induce en-
dothelial synthesis and release of endothelium-de-
pendent relaxing factor also involved in the hypoten-

12,2

sive action . other non-ACE-dependent mecha-

nisms cannot be excluded, such as a postjuncticnal

l”, an in-

blockade of a-adrenergic vasoconstriction
hibition of norepinephrine { NE} release from sym-
pathetic neurons'®', and an inhibition of Na*, K-
ATPase'™. But the resting [ Ca®* ]
smooth muscle cells was lowered by long-term treat-
ment with an ACE inhibitor!™
after intact animals had been treated with an ACE
inhibitor, which might also be an indirect conse-
quence of ACE inhibition. So, we investigated the
effects of captopril { Cap) and enalapril {Ena} on
agonist-induced changes in [Ca®” ], in ASMC of
WKY and SHR rats to determine whether ACE
inhibitors can affect [Ca®?" ], in ASMC directly.

, ln aortic

‘This was abserved

MATERIALS AND METHODS

WE was from Shanghai Tian-feng Pharmaceutical Facto-
ry Ang was from Shanghai Biochemical Pharmaceutical Fac-
tory. Cap and Ena were obtained from Chang-zhou Phamma-
Mifedipine ( Mif) was obtained from
Shanghai Tian-ping Pharmaceutical Factory. Al drugs were

ceurical Factory.

{reshly prepared in deionized water except of Mif which was
Fura 2-AM was from Shanghai
Institure of Physiology, Chinese Academy of Sciences and dis-
solved mm Me, SO containing 0.05 % Triton X-100 {surfac-
ASMC were incubated with Cap., Ena. and
The in-
crease in [Ca®”™ ], was asseased 2 min afrer the agonists, be-

dissolved 1 propyleneglycol.

tant, Sigmal.
Nif for 10 min before application of the agonists.

cause the maximal Ca®® influxes induced by agonists
developed within 1-3 min'®' .

Cell culture Experiments were performed using pas-
sages 1-3 ASMC denived from thoracic sortae of 24 wh-cld !
SHR and § WKY (x =12; weight, 298 £15 and 351 £ 7
g+ systolic blood pressuwre, 24.7 £ 0.9, 14.1 + 0.7 kPa,
repectively. ) supplied by Shanghai Insticute of Hyperten-
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sion, Shanghai Second Medical University.  ASMC were cul-
tured™- .
[Sigma). Cells grown ~n thin glass coverslips {9 mm ~ 1
tntn) ar a cdensity of 4000-8000 cells { cm?) were assaved 2 d
later.

Measurement of [Ca** ], The medium was aspiurated
and cclls were washed twice at 37 C with 2 ml. of HEPES
buffered solurien { HBS) composed of {in omol-L™1): NaCl
1, ECl 5.4, CaCl, 1.2, MgCL, 1.2, HEPES 10, and glu-
The cells were incubated for 30 run at 37 C in che
Ar the

end of loading, coverslips were washed twice and then purin a

The subculture was treated by 0.12% % pancreatn

cose O

same buffer containing Fura 2-AM 10 pmol-1.77.

small glass cuvette on the stage of a {luorescence microscope.
The fluorescence of Fura 2-loaded cells was measured at &,
350 nm and A,, 500 nm and images were recorded by pheto-

graph {exposure 10 5}, By means of chgital image processing

L1c1

of Fura-2 fluorescence''”', the grey values of images of Fura

2-loaded cells were obtained and then converted to [Ca” ' ], on
calibration curve,

All data were analyzed with unpaired ¢ test.
RESULTS

Resting[Ca®* 1. (198 £ 4 nmol - L7, » =20
cells of 5 rats, 4 cells/rat) was greater in ASMC of
SHR than those of WKY (184 £ 8 nmol- L™, n =
20 cells of 5 rats, 4 cells/rat, P<0.01). KCI 20
or 80 mmol-L ™! resulted in no increase in [Ca®" 1,
in ASMC of WKY (186+7 or 184 + 10 »s 183 =8
nmol-L™Y, # =20 cells of 5 rats. 4 cells/rats, P>
0.05) but induced increase in [Ca®' ], in ASMC of
SHR (216 £5 or 214 + 11 wvs 198+ 4 nmol-L.7', »
=20 cells of 5 rats, 4 cells/rat, P<0.01) s con-
trol. Maximal response to .U] 40 mmol-L ™! was
found in 2 groups of cells and greater in SHR than
in WKY ASMC (220%6 vs 199 +6 nmol-L "', »
=20 cells of 5 rats, 4 cells/rat, P<<0.01).

Both WE and Ang induced a concentration-
related increase in [Ca®?* ], which was greater in
SHR than in WKY ASMC {Tab 1).

Both Cap and Ena diminished the KCl-induced
[Ca®" ], increase in ASMC of SHR., but had no
effect on KCl response in ASMC of WKY., Nif
markedly inhibited KCl-increased [ Ca?* ], in ASMC
of WKY as well as in those of SHR (Tab 2).

A reduction of NE-increased [ Ca®* ], by Cap
and Ena was secen in SHR and WKY ASMC {Tab
2). Nif had inhibitory effect on NE-increased

[Ca®" ], in ASMC of SHR, but not on response in

Tab 1. Difference in norepinephrine and angiotensin 1I-
produced Ca®* influxes between vascolar smooth muscle cells
from normotensive WKY and SHR rats. n = 20 cells of 5
rats (4 cells/rat). ¥t 5.

P >0.05. "P<0.05, ‘P<0.01 vv WKY.

WKY SHE
Ca®' /nmol- LT

Drugs/
peol- L1

orepinephrine

4.1 186 £ 5 211 £ 5°
1 202+7 212+ 4&°
1¢ 210+ 7 229+ 7°
Angiotensin 11
0.1 187 +6 208+ 12"
1 195+ 6 215+ 14"
10 209+ 13 225+ 7

Tab 2. Interaction betweenm KCI (40 mmol - L'} nor-
epinephrine (NE, 1 pmol-L ™'}, and angiotensin Il { Ang, 1
pmol- L™ " }-produced Ca?* influxes and caplopril (Cap, 10
pmol-L™ "), enalapril {Ena, 10 pmol-L "), and nifedipine
[Nif, 3 pmol-L™")in vascular smooth muscle cells { ASMC)
from normotensive Wistar-Kyoto ( WKY ) and spontaneously
hypertensive rats (SHR). n = 1D cells of 5 rats {2 cells/
rats). ¥t 5.

P>0.05 "P<0.05 “P<0.01 vs conirol.

WKY SHR
. Ca®* /nmol+L™?
Control 1998 220t 6
Cap + K] 197 + 5* 210+ 7
Ena+ KCl 199 + 4° 210+ 3°
Nif + KCl 191 * 4°¢ 194 = 4°
Contral 2027 212+ 8
Cap+ NE 190 + 4° 184 £ 6°
Ena+ NE 190 = §* 199 + 4°
Nit + NE 200+ 8° 204 £ 3¢
Control 195+ 7 215 14
Cap+ Ang 199 + 5*° 201 =g
Ena + Ang 195 + 5° 192 £ 5°
N~ Ang 190 = &° 205 +5°

ASMUC of WKY (Tab 2). Both Cap and Ena signii-
icantly decreased Ang-increased [ Ca®' ], in SHR
ASMC, but their inhibitory effects on Ang response
in ASMC of WKY were less pronounced. The ef-
fect of Nif on Ang response was similar to that of

Cap or Ena in 2 groups of cells.
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At single cell level, we demonstrated that
besides the resting [ Ca®**" ],, KCl-. NE-, and Ang-
induced increases in [ Ca®' ], were enhanced in
ASMC of SHR rats = those of WKY rats.

In ASMC of WKY rats, Cap and Ena did not
alter KCl response, whereas Nif decreased KCIl one,
suggesting that voltage-dependent Ca** channel
{VDC) is resistant to ACE inhibitors.
Ena also had no effect on Ang response although

Cap and

they significantly reduced NE response. which may
be due to a blockade of a-adrenoceptor'*' . The ef-
fects of Ang and NE were not blocked by Nif.
These results reflect that receptor-operated calcium
channel involved in mediating the Ca’?* entry by
Ang' is also resistant to ACE inhibitors.

In ASMC of SHR rats, Cap inhibited not
only NE-induced but also KCI- and Ang-induced in-
creases in [ Ca®* ];. Ena and Nif similarly de-
creased KCl-, NE-, and Ang-increased [Ca®® ],.
These results supported the findings of Sada et af ‘"'
that ACE inhibitor Cs-622 therapy caused a decrease
in cytosolic free calcium of aorta in SHR rats.
These data therefore indicated that Cap and Ena act-
ed by blocking 3 agonist-increased [ Ca®* ], wia
VDC'" whose function was altered. Interestingly,
Enous R et @l found'!!' that ACE inhibitor perindo-
pril directly decrease the calcium-dependent tran-
sient inward current in guinea pig ventricular my-
ocytes that s responsible in part for ischemic and
reperfusion-induced arrhythmias, while having no
effect on physiclogic calcium current.  ur observa-
tion that Cap and Ena inhibited Ang-. and KCl-in-
creased [Ca®* ], in ASMC of SHR rats are similar to
these findings, but not to that in WKY rats.
Thus, it may be assumed that there is a VDC of al-
tered function and specificity that can contribute to-
ward the increased sensitivity to ACE inhibitors in
the pathological siates such as hyperrension and
myocardial ischemia.
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AIM: To study the effects of leukoeyte {Leu), o
agonist {a-Ago), and S-agonist (3-Ago) on the ar-
rhythmias induced by ischemia and reperfusion ta
determine which of the 3 factors was the most im-
METH-
ODS: Arrhythmias were induced by the reduction

portani one in exacerbating arrhythmias.

and subsequent resumption ol perfused flow n
Langendorif's perfused rat hearts. Ventricular
tachyeardia (VT) and ventricular fibrillation { VF)}
were recorded on ECG, and the results were orthog-
RESULTS: When Leu was pre-

sent, the incidence of VF -induced by ischemia-

onally analyzed.

reperfusion was 80 % . The incidence in Leu-de-
pleted hearts was 20 %, a-Ago and g-Ago elevated
it to 60 % and 100 %, respectively. The resulis
by orthogonal analysis demonstrated [eu or a-Ago +
B-Ago increased VF incidence.

rhythmias. arthythmia score was remarkedly in-

With regard to at-

creased by all of 3 factors and various coembinations
except B-Ago + Leu. CONCLUSION:

these 3 factors, Leu was the most important one in

Among
facilitating reperfusion-induced arrhythmias.

Ischemia-reperfusion arrhythmias are related to

Received 1494.02-01 Accepted 1995-05-12

the elevaiion of cAMP, the formation of lysophos-
phatides, the genesis of free oxygen radicals, disiur-
bances of ionic homeocstasis, leukocyte activation,
and the stimulation of o and B-adrenorecep-
u-e

tors Depleiion of leukocyte in reflow blood

produced a reduced incidence of arrhythmias induced

(3! which induced a signifi-

by ischemia-reperfusion
cant release of endogencus catecholamines that
intensify arrhythmias by the stimulation of o and
B-adrenoreceptars.

Isolated rat heart was used to study the effects
of leukocyte, a-Ago and -Ago on the arrhythmias
induced by ischemia and reperfusion in the present
experiment, and the resulis were orthogonally ana-
lyzed to determine which of the 3 factors was the
most important in terms of exacerbating arrhyth-

mias,
MATERIALS AND METHODS

Experimental protecol Sprague-Dowlev rats (230 £ 20
g) were used 1o prepare the Langendorfl’s heart at o perfusion
The perfusate was composed | mmol
“LL71)r NaCl 128, Kol 4.7, CaCl 2.5. MgUl 1.2,
NaH,POy 0.8, NaC{)y 12.5, glucose 11.D, gassed with (h
(pH7.420.5, 38 U ). The heart was initially given 15-

min acrobic perfusion, and global ischerma was produced by

pressure of 9.3 kPa.

reducing the perfusion flow 1o one renth lor 10 min. Then
the perfusion flow was resurned for 10 min { reperiusion) .

Throughout the experimental period epicardial ECG was

r7)

recorded to analvze the arrhychmua score’ ' and the medences


http://www.cqvip.com

