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ABSTRACT

Background and Objectives : Nitric oxide (NO) reduces the intracellular Ca®* concentration ([Ca®'l) in smooth
muscle cells, whereas the effect of NO on [Ca®™]; in endothelial cells is still controversial. Therefore, the
effect of NO on the [Ca®'];, and its mechanism in mouse aortic endothelial cells (MAEC) and human umbilical
vein endothelial cells (HUVEC) were examined. Materials and Methods : In primary cultured MAEC and
HUVEC, cells were loaded with fura 2-AM and [Ca>]; and measured using a microfluorometer. Results : The NO
donor, sodium nitroprusside (SNP), reduced the [Ca®]; in 72% of the cells tested (n=100). In the remaining
cells, the effect of SNP was biphasic, or the [Ca®]; was increased. In addition, the membrane-permeable
c¢GMP, 8bromo cGMP, decreased the [Ca®'1;. The effects of SNP and 8-bromo ¢cGMP were inhibited by the
soluble guanylate cyclase inhibitor, 14-[1,2,4] oxadiazole [4,3-a] quinoxalin-1-one (ODQ), and the cGMP-de-
pendent protein kinase inhibitor, KT5823, respectively. In contrast, in the presence of 8-bromo cGMP or ODQ,
SNP increased the [Ca?'];. Conclusion : These results suggest that NO inhibits the [Ca®']; through a cGMP-
dependent mechanism and increases the [Ca’’]; through a cGMP-independent mechanism. (Korean Circulation J
2004;34(6):600-609)
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F2 i FAI A (mouse aortic endothelial
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S 142 #Z%3}1 phosphate—buffered saline (PBS,
Dulbecco without Ca®*, Mg®") ZollA] ¢]ub=l 2|k
T} Az 3ol AASIRCH 2 mm HolE FA
A T 5o et s skith o 6—1
FH(well plate) ol Y& A(eF 300 1L) 2] Matrigel®
(Becton Dickinson, MA, USA) §jof g3 2785 Ui
©o] Matrigelell Hates 1 wixE &% H7lsto] &
¥ 2710 Matrigelel & 25= st 4~79 &
A 2748 AAS L 3 27l Ak k)
A EE0] A2A ek A 12 Matrigel <ol Q)
& TNEES 9IAE A7E U dispase Bec-
ton Dickinson, USA) 2 mL/10 em®(100 U) & ¥
907t =EAIZ Uy 12— el BeA] eIk
A 258+ trypsing o]-&3dh= YWl WO R

TREQITEY Al 4714 FEEQ Wbt 9glem
& Aol Al 2704491 0] 838151tk HUVEC 2+=
ZHAIA @ WA EE hybridizationdle] WH= per-
manent human cell line?! EA.hy926 (EA) cell& ©]

3t

0

von Willibrand’s Factor(vWF) §FE &0t SRUIME
of ol

vWF 2 575 9934375 (mmunohistoche-
mical technique) & ©]-8-8lo] RI&IIt) vikst MA-
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ARE-E 1#]= 80 mL Dulbecco’ s minimum essential
medium (GIBCO—BRL 41965), 10 mL fetal calf se-
rum(GIBCO—BRL 10270), 7.5 mg endothelial cell
growth supplement (Sigma E—2759), 200 x«L he-
parin(10 U/mL final), 2 mL penicillin/streptomycin
(100 U/mL final, GIBCO—BRL 15070), 1 mL L—
glutamine (100x, GIBCO—BRL 25030—-024), Z18]at
1 mL minimal essential amino acid(100x, GIBCO—
BRL 11140-035) & #7Fato] THEirh N —nitro—
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& A=+ Micro Origin 6.0 (Microcal Software,
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Fig. 1. Characterization of endothelial phenotype of the cells isolated from the inner layer of mouse aorta. A: immuo-
cytochemistry of the explanted cells and a representative staining of the isolated cells with anti-von Willibrand factor
antibody. B: LDL uptake test of the explanted cells. LDL : low density lipoprotein.
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Human umblical vein endothelial cell

L-NAME 10 pM

)

[Ca?*]i

1 uM

ATP 30 uM

Mouse aortic endothelial cell

L-NAME 10 uM

ATP 3 uM

Fig. 2. Inhibitory effect of sodium nitroprusside (SNP) on intracellular Ca2* concentration ([Ca?t];) in endothelial cells.
SNP suppressed the increased [Ca?*]; in human umbilical vein endothelial cell (HUVEC) (A) and mouse aortic
endothelial cells (MAEC) (B). In some cells, the suppressed [Ca?*]; was increased on increasing of SNP concentration
(A) . L-NAME: NG-nitro-L-arginine methyl ester, ATP: adenosine triphosphate, SNP: sodium nitroprusside.
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Human umblical vein endothelial cell

L-NAME 10 uM

1 uM

3 min

SNP 10 yM
SNP 1 uM

ATP 30 pM

Mouse aortic endothelial cell

[Ca2];

[

1 min

0.5 pM

SNP 1 pM

ATP 3 uM

Fig. 3. Various effect of sodium nitroprusside (SNP) on [Ca?t]iin endothelial cells. The increased [Ca?t]i was suppressed
by L-NAME and increased by SNP (A). In some cells, the effect of SNP on [Ca?*]; was biphasic: SNP decreased
[Ca?]; fransiently and the decreased [Ca?*]i then was elevated inspite the presence of SNP (B) . L-NAME : NG-nitro-L-
arginine methyl ester, ATP: adenosine triphosphate, SNP: sodium nitroprusside.

[Ca2*];

0.5 uM

8-bromo-cGMP 100 uM

)

L-NAME 100

KT 5823

KT 5823 1 uM

- 3

L-NAME 100 uM

ATP 3 pM

8-bromo-cGMP 100 uM KT 5823

Fig. 4. Various effect of L-NAME on [Ca2*]; in mouse aortic endothelial cells. In some cells, the increased [Ca?t]; was
suppressed by L-NAME (A) and, in the other cells, [Ca?*]; was increased by L-NAME (B). L-NAME : N&-nitro-L-arginine

methyl ester, ATP: adenosine triphosphate.
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o]2Jo| %= S—nitroso—N—acetyl—d,l—penicillamine ~ guanylate cyclase &43}5 2#|3}o] NOo| 2J%t
(SNAP), 3—morpholino—sydnonimine—hydrochloride ~ cGMP A& 2AI5h= 0DQell 2Jsle] A=tk (Fig.
(SIN-1) 53 722 NO donorE% fARSH @35 & 5A). 39 MAEC ¥%t olyg} HUVECE cGMPel
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[Ca®"]9] Z7FE 9AIsk= SNPO] 7= soluble & ATPE Folabd [Ca™'17} E7H6I3lom] L-NA-
Mouse aortic endothelial cell @
ODQ 10 yM
[(Ca) L
s |
g 1 min
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Human umblical vein endothelial cell
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- 1
10 4 I 08 -
0.8 + 0.6
0.6
0.4
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L T
0.2
0.2 1
- 0.0 -
Control ATP ATP+ ATP+ ATP+ Control ATP ATP+ ATP+
L-NAME L-NAME L-NAME cGMP  cGMP+
+SNP +SNP KT5823
+0ODQ

Fig. 5. cGMP-dependent inhibitory effect of sodium nitroprusside (SNP) on [Ca?t]i in endothelial cells. The inhibitory
effect of SNP on [Ca?]; was suppressed by the soluble guanylate cyclase inhibitor ODQ (A) and the increased [Ca?*];
was inhibited by 8-bromo cGMP (B). Pooled data also showed cGMP-dependent inhibitory effect of SNP on [Ca?*];
in endothelial cells (C, D). cGMP: cyclic guanosine monophosphate, ODQ: 1H-[1,2,4] oxadiazole [4,3-a]quinoxaline-
1-one. L-NAME : NG-nitro-L-arginine methyl ester, ATP: adenosine triphosphate, SNP: sodium nitroprusside.
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[Ca?]i L-NAME 10 pM

8-bromo-cGMP 10 uM

0.5 M

1 min
—na-n) ATP 3 1M

SNP 1 uM

T
i 8-bromo-cG
1

SNP 1 pM

8-bromo-cGMP 10 uM

SNP 1 pM

ODQ 10 uM ll

ATP 3 uM

Fig. 6. cGMP-independent stimulatory effect of sodium nitroprusside (SNP) on [Ca?*]iin mouse aortic endothelial cells.
SNP increased [Ca?*]iin the presence of 8-bromo cGMP (A) and ODQ (B). cGMP: cyclic guanosine monophosphate,
ODQ: 1H-[1,2,4] oxadiazole [4,3-a] quinoxaline-1-one. L-NAME : NG-nitro-L-arginine methyl ester, ATP: adenosine

friphosphate, SNP: sodium nitroprusside.
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