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Sutunary : Effects of inos$:ol 1,4,5-trisphosphate, extracted from human 
erythrocyte ghosts, on Ca release from intracellular store sites were 
studied in saponin-treated single muscle cells of the porcine coronary artery. 
Application of micromolar concentrations of inositol 1,4,5-trisphosphate 
released Ca2+ from the intracellular non-mitczhondrial store sites, within 
1 min. However, tien the concentrations of free Ca*+ were over 1.5 x 10m6 M, 
the release of Ca2+ by this agent was inhibited. The Ca2+ releasing 
mechanism differed from that seen with A23187, therefore this release of Ca2+ 
fran store sites was not due to Ca2+ ionophore actions. This .>gent rrey play 
the role of messenger in increasing the cytosolic Ca2+, provoking pharmaco- 
mechanical coupling, and thus producing the contraction. 

Increases of free Ca 
2+ 

in the cytosol play a key role in the contraction 

of vascular smooth muscles. Free Ca 2+ in concentrations over 10 
-7 

M activates 

the contractile proteins, and sources of the Ca 2+ 
are either the release from 

intracellular store sites, presumably sarcoplasmic reticulum, or influx 

through the plasma membrane (1). In particular, the former plays an important 

role in regulating the contraction-relaxation cycle in vascular smooth muscles 

(1). A receptor-activated contraction occurring with no change in the membrane 

property has been termed "pharmaco-mechanical coupling" (2). In the porcine 

coronary artery, contraction occurs in the presence of acetylcholine, but this 

agent has no effect on membrane potential and resistance. The acetylcholine- 

induced contraction does occur in Ca 2+ -free 2 r@~ ethylenglycol-bis- (B-amino- 

ethylether)-N,N,N'N'-tetraacetate (EGTA) containing solution but this contrac- 

tion is blocked by procaine, an inhibitor of Ca 
2+ 

-release from intiacellular 

store sites (3). 

Agonists rapidly induce hydrolysis of membrane phosphatidylinositol 4,5- 

bisphosphate and phosphatidylinositol 4-phosphate to yield inositol 1,4,5- 
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trisphosphate (Ins-P3) and inositol 1,4-bisphosphate (Ins-P*), respectively, 

in rat brain slices, parotid glands and insect salivary glands (4). streb et - 

&. (5) reported that Ins-P3 released Ca2+ frcm the non-mitochondrial intca- 

cellular stores in rat pancreatic acinar cells. 

We now report that Ins-P 3 releases Ca2+ Tom the 

in smooth muscle cells of the porcine coronary artery 

Materials and Methods - 
Single smooth muscle cells from porcine coronary 

described (6). Cell viability, as assessed by trypan _, 

intracellular store site 

treated with saponin. 

arteries were prepared as 
blue exclusion test, was 

over 83 %. TO cbtain the release of Ca Lt from intracellular stores, saponin- 
treatment was carried out using essentially the same method as applied to 
macrophages (7-9). In brief, 3 x lo6 cells were incubated in ths solution 
(6 ml) containing 100 nM Kcl, 

ATP, 
20 nM Tris-maleate (pH 6.8) , 2 mM MgC12, 1 mM 

1 u&l EGTA and 25pg/ml saponin (I.C.N. Corp.) for 10 min at 37'C. Saponin 
treatment of cells resulted in a selective destruction of plasma membrane, 
while the contractile apparatus and intracellular organelles reneired intact 
(1, 7-9). Ca2+ uptake and release were assayed by a filtration method using 

45Ca (for details : see the legend of Fig.1). Ins-P3 and Ins-P2 were prepared 
from human erythrocyte ghosts by the method of Downes and Michell (10). 

Results and Discussion 

In the skinned muscle from the porcine coronary artery, contraction was 

evoked in concentrations of Ca 
2+ 

wer 3 x 10 
-7 

M and an almost maximum 

amplitude of contraction was obtained by application of 1 x 10 -6 M Ca*+. 

After a brief accumulation of Ca 2+ (lo+ M) into store sites, the Ca 2+ is 

released by caffeine, but not w treatment with acetylcholine or norepine- 

phrine, i.e. after saponin treatment, the Ca 
2+ 

store sites and the contractile 

proteins are preserved and agonists release Ca 
2+ 

fran store sites through 

productions of intermediate substances (1). In the presence of 10 mM NaN3, 

saponin-treated smooth muscle cells of the porcine coronary artery accumulate 

Ca2+ at concentrations ranging from 10 -8 M to 10 -5 M, and the maximal uptake 

(capacity) is about 0.25 rmol/lD5 saponin-treated cells. Half maximal Ca*+ 

uptake was obtained at about 3 x 10 
-7 

M a*+, that is rrmch the same as in the 

case of macrophages (7,8). Therefore, non-mitochondrial store sites accmu- 

late Ca 2+ m saponin-treated single smooth rtmscle cells, in the presence of 

NaN 3. Using these saponin-treated cells, the effects of Ins-P 
3 

on the Ca2+ 

release from the non-mitochondrial store site were examined. 
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Time (min) 

Fig. 1. Time course of Cd 
2+ release induced by Ins-P3 than intracellular 

store site of saponin-treated single smooth muscle cells. The Ca2+ was XZCIZIU- 
lated in these cells in the solution (5 ml) containing 100 m KCl, 20 mM Tris- 
maleate (pH 6.8), 5 m M$12, 5 mM AIP, 10 mM NaN3, O.Iz dl CaC12 (containing 
1 $i/ml 45Ca) , 0.44 UM EGTA (free Ca2+ concentration was 3.1 x lo-' M), and 
1 x 105 saponin-treated cells/ml at 3°C. At 20 min, 1 ml of tha above mixture 
was passed through a glass fiber filter (Whatman SF/C; pore size: 

'-igf;~ the filter was washed twice with 2 ml of the above mluticm without 
cells. Thus, the amount of Ca2+ wtake was determined. At 21 min, l/l00 mlumes 
of reagents were added, and at indicated times, tie Ca2+ in saponin-treated 
cells hes determined as described above. 0: control; 0: 5 ,&I Ins-PS; A: 19 
Ins-P2; n : 5 p A23187; a: ATP-free. The vertical bars rePresent the S.E. 
for five independent experiments. 

Fig. 1 shows the time course of Ca 
2+ 

release from the store site by appli- 

cation of Ins-P 
3' 

Ins-P3 (5 JIM) released Ca2+ within 20 set and this released 

Ca2+ was about 40 % of the accurrmlated Ca 
2+ 

, and was not taken up again. Ca2+ 

ionophore, A23187 (5 JIM) released all the accumulated Ca 
2+ 

, while Ins-P2 

(~J.LM) had no effect on the release of Ca 
2f 

. The lack of re-uptake of the 

released Ca2+ from store sites seen in the present experiments differs from 

the data of Streb et al. (5). This discrepancy may be due to different 

procedures used to prepare the permeabilized cells (nominally Ca 
2+ 

-free 

solution and saponin), or tissue differences. Their preparation may have 

contained trisphosphatase to produce the Ins-P 2 while our preparation did not. 

Fig. 2 shows the relationship between the Ca 
2+ 

release and Ins-P 
3 

concent- 

ration after accumulation into the store site in saponin-treated cells. The 

near-maximal and half-maximal release of Ca 
2+ 

from store sites was obtained 

at 3 p and 0.7 JIM, respectively, such being comparable to data of Streb et al. 

(5). 
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A dose-response relationship of Ins-P3-induced Ca 2+ n?leaes. 

release was measured using procedures described in Fig. 1 legend. 
The Ca2+ release was relative to that 1 min after the addition of 10 JIM InsP3. 
The vertical bars represent the S.E. for four independent experiments. 

Fig. 3. Effects of free Ca2+ concentrations on the Ca 2+ release induced 
by 5 p Ins-PS. The Ca2+ release was measured by essentially the same proce 
dure as described in Fig. 1 legend. Various concentrations of free Ca2+ were 
prepared by addition of 0.12 m%l CaCl2 and appropriate ancentrations of EGTA. 
The apparent affinity constant of EGTA for Ca2+ was assumed tb be 1 x lo6 M-~ 
at pH 6.8 (7). The vertical bars represent the S.E. for five independent 
experiments. 

we also examined the effects of free Ca 2+ concentrations on the Ins-P3- 

induced Ca2+ release (Fig. 3). The maximal Ca2+ release induced by Ins-P3 

was obtained when Ca 2+ uptake was assayed at 3.7 x 10 
-7 M free Ca 2+ , and the 

2+ 2+ 
Ca release was inhibited when Ca 

2+ 
WLS loaded in the presence of free Ca 

in concentrations over 1.5 x 10 -6 
M. This may be due to the inhibitory effects 

of either higher concentrations of extra-vesicular Ca 
2+ or to a larger 

2+ into the store site , because the Ca 2+ 
accumulation of Ca was accumulated in 

2+ 
proportion to concentrations of free Ca . 

Cur results show that micromolar concentrations of Ins-P3 do release Ca 2+ 

from non-mitochondrial Ca 
2+ store sites of vascular smooth muscles, as was 

observed in pancreatic acinar cells (5). Thus, Ins-P 3 may be "initial messen- 

ger” for the pharmaco-mechanical wupling in the contraction of coronary 

artery muscles by acetylcholine. However, Akhtar and Abdel-Latif (11) reported 

that the hydrolysis of phosphatidylinositol 4,5-bisphosphate to yield Ins-P3 

induced by acetylcholine was dependent on Ca 2+ , in smooth muscles of the 

rabbit iris. Thus, the production of Ins-P3 seems to be a result of an 
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2f increase in cytosolic Ca . Egawa et al (12) found that in the rahbit vas 

deferens, 
2+ 

the hydrolysis by acetylcholine did not require Ca . Thus, 

requirement of Ca 2+ in the hydrolysis of phosphoinositides seems to differ 

with the tissue (13). Further experiments are underway to clarify whether or 

not acetylcholine or other agonists increase the production of Ins-P 3, through 

activations of phosphoinositide hydrolysis. 

Acknowledgments - 
This study was supported by the Ministry of Education, Japan. We thank 

M. Ohara for reading the nmnuscript. 

References 

1. Kuriyama, H., Ito, Y., Suzuki, H., Kitamura, K. and Itoh, T. (1982) 
Am. J. Physiol. 243, H641-H662. -- 

2. somlyo, A.V. and Somlyo, A.P. (1968) J. Pharmacol. Exp. Ther. 159, 129- 
145. 

3. 1t0, Y., Kitamura, K. and Kuriyama, H. (1979) J. Physiol. (Ji3I-d.) 2% --' 
595-611, 

4. Berridge, M.J., Dawson,R.M.C., Dowries, C-P., ~eslop,J.P. and Irvine, R.F. 
(1983) Biochem. J. 212, 473-482. -- 

5. Streb, H., Irvine, R.F., Berridge, M.J. and Schulz, I. (1983) Nature 
(Lond.) 306, 67-69. 

6. Hirata, M., Itoh, T. and Kuriyama, H. (1981) J. Physiol. (Land.) 310 --' 
321-336. 

7. Hirata, M. and Koga, T. (1982) Biochem. Biophys. Res. Conmun. 104, 1544- -- 
1549. 

8. Hirata, M., Suernatsu, E. and Koga, T. (1983) Mol. Pharmacol. 23, 78-85. -- 
9. Hirata, M., Hamachi, T., Hashimoto, T., Suematsu, E. and Koga, T. (1983) 

J. Biochem. 94, 1155-1163. 
10. Dowries, C.P. and Michell, R.H. (1981) Biochem. J. 198 --' 133-140. 
11. Pkhtar, R.A. and Abdel-Latif, A.A. (1980) Biochem. J. 192 78>791. --' 
12. Egawa, K., Sacktor, B. and Takenawa, T. (1981) Biochem. J. 194, 129- 

136. 
13. Michell,R.H., Kirk,C.J. , Jones, L.M. Downes, C.P. and Creba, J.A. 

(1981) Phil. Trans. R. Sot. Iond. B. 296, 123-137. 

485 


