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SUMMARY: Using an intracellularly trapped dye, quin 2, the effects of 
histamine on cytosolic free calcium concentrations in rat aortic 
vascular smooth muscle cells in primary culture were recorded, 
microfluorometrically. When the cells were exposed to2Pistamine, both 
in the presence and the absence of extracellular Ca , there was 2$ 
rapid, transient and dose-dependent elevation of cytosolic Ca 
E~sCen:'a~ti~sb_w,atphen~es,~yla~n~~itCeOdUrsd?; mfeyy;ay..;eatipn ,9i,cy;to;ol~; 

cimetidine. Thus, 
mediate a release of Ca 
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transient elevation of cytosolic Ca . @ 1986 Academic Press, Inc. 

Histamine is present in significant concentrations in the blood, in 

the vessel wall (1) and in sympathetic nerves (2). The effect of 

histamine on vascular smooth muscle is debatable, particularly as 

related to spasm of the coronary artery (3-5). We found that histamine 

produced spasm of the coronary artery in miniature swine with 

experimentally-induced atherosclerotic lesions (3). Pharmacological 

experiments suggested that histamine contracts vascular smooth muscles 

by acting on the Hl-receptor and relaxes these muscles via the 

H2-receptor (6-8). There are also data that activation of vascular 

smooth muscle by histamine may involve both the influx of Ca 
2+ and the 

release of intracellular Ca 2+ (9). 

ABBREVIATIONS 

[Ca2+li: intracellular free calcium concentration 
EGTA: ethylene glycol-bis (S-aminoethylether) N, N'-tetraacetic acid 
HEPES: N-2-Hydroxyethyl-piperazine-N'-2-ethane sulfonic acid 
PSS: physiological saline solution 
VSMC: vascular smooth muscle cell 
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Using quin 2-microfluorometry (lO,ll), we investigated the effect 

of histamine on cytosolic free calcium concentrations ([Ca2+Ji) of 

primary cultured vascular smooth muscle cells (VSMCs) from the rat 

aorta. We obtained evidence that histamine activates the Hl-receptors 

to induce [Ca2+] i transients in VSMCs, irrespective of the presence or 

the absence of extracellular Ca 
2+ 

. 

MATERIALS AND METHODS 

Cell culture and loading cells with quin 2: rat aortic medial smooth 
muscle cells were cultured as described (12). On days 5 to 6, just 
before reaching confluence, the cultured cells on Lux chamber slides 
were loaded with quin 2, as the acetoxymethyl ester (quin 2/AM) (13), as 
&i$fibed (10,ll). Unless otherwise indicated, the measurements of 

1. transients were performed in physiological saline solution (PSS) 
at 25'k. The millimolar composition of the normal PSS (pH7.4 at 25°C) 
was: 
compos~~~~n 1,';; E%;;e;aCp;S Iw;asMg~92i; ,",',",',","',;,'; e"x"pe"s"t ',9;,,'2; 

contained 2 mM EGTA instead of 1 mM CaCl 
cultures throughout. 

2' We &.ed primary cell 

Microfluorometry of quin 2: we recorded the fluorescence intensity of 
VSMCs, using microfluorometry. Briefly, we used a fluorescence 
microscope (model standard 18; Zeiss) equipped with a water immersion 
objective system (Plan-Neofluor 63, Zeiss) and an appropriate 
combination of filters, in which the cells were excited at wavelengths 
between 350 and 360 nm and analyzed at fluorescent wavelengths between 
470 and 560 nm. Using a pinhole diaphragm (Zeiss) in the light axis, 
the fluorescence intensity in a spot (<l urn') of the cytosol 3 urn apart 
from the nucleus was measured. Each cell was exposed to the excitation 
light, only once, for not longer than 2 seconds in order to avoid the 
photobleaching effect on the dye. To read the fluorescence intensity, 
an input-output calculator (model 97S, Hewlett-Packard) was used. 

Cell viability: A high viability (>95%) of the cells was maintained 
during the course of each experimental procedure, as assessed by the 
trypan blue exclusion test (12). 

Quin 2lAM was purchased from DOTITE (Japan), histamine 
dihydrochloride was purchased from WAKO (Japan), and mepyramine maleate 
and cimetidine were purchased from Sigma Chemical Co. 

RESULT AND DISCUSSION 

When the VSMCs were incubated with quin 2/AM, the fluorescence of 

the quin 2-Ca2+ complex was observed almost exclusively in the cytosol; 

the nucleus and myofilaments were negatively stained, as reported (10, 

11). During the course of all experiments, morphological changes were 

nil, as assessed in a phase contrast microscope at x400. 
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Figure 1. Time 
cysqsol induced 

cour*e 
-4 

of the response of fluorescence change in the 
by 7P M histamine (broken line) in normal PSS (1 mM 

Ca ) (A) and in Ca"-free PSS contain&g 2 mM EGTA (solid line) (B). 
Wh% VSMCs were incubated in Ca -free PSS containing 2 mM EGTA, 

the [Ca ] 
Al 

decreased gradually and reached a steady state, within 6 
minutes. is steady state remained unchanged for at least 60 minutes, 
as previously noted (IO, 11). Data are mean 2 SD of 4 experiments, and 
the number of cells counted in each plot was 8. 

Figure 1 shows that histamine induced a transient elevation of 

fluorescence levels in the cytosol, both in the presence (1.0 mM Ca*+) 

and absence (0 mM Ca2+, 2 mM EGTA) of extracellular Ca 2t . In the 

presence of extracellular Ca 2t (Fig. lA), fluorescence reached a peak 

level at 1 minute (the first component) and then rapidly declined to a 

fairly steady state (the second component), within 10 minutes, and 

remained at this level as long as VSMCs were exposed to histamine. When 

VSMCs were exposed to Ca2+ -free media containing 2 mM EGTA, [Ca2'li 

decreased gradually to the steady state level, within 6 minutes (Fig. 

1B). In the absence of extracellular Ca 2+ , histamine induced a [Ca2+li 

transient, which reached a peak level at 1 minute to make the first 

component, however, then, rapidly declined to the pre-exposure level in 

8 minutes, and there was no second component. The extent of the 

174 



Vol. 135, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

transient [Ca'+] 
i 

elevation of the first component induced by histamine 

was concentration-dependent, the range being between 10 
-6 

and 10 
-5 

M 

(P<O.O5 by analysis of variance), both in the presence and the absence 

of extracellular Ca2+ (Fig. 2A, B). The finding that histamine induces 

the first component of a transient and dose-dependent [Ca2+]f elevation, 

even in the absence of extracellular Ca 
2+ , indicates that this component 

was produced by a release of Ca 2+ 
from cellular store sites. This 

proposal is compatible with findings that histamine induced a 

contraction of vascular tissues in Ca'+-free solution, thereby 

indicating that histamine mediates a release of intracellular Ca 2+ (9). 

Because of similarities between the time courses of the first component 

observed in the presence and the absence of extracellular Ca 2+ and the 

lack of the second component in the absence of extracellular Ca 2+ , it is 

conceivable that in the presence of extracellular Ca 2+ , the first 

transient component may reflect a release of cellular Ca 2+ , while the 

second steady component may be due to an influx of extracellular Ca 2+ . 

To identify the contributions of subtypes of histamine receptors 

(HI, H2) to the [Ca2+] i transients in cultured VSMCs from the rat aorta, 

the effects of mepyramine (HI antagonist) and cimetidine (H2 antagonist) 

on the levels of the first component of [Ca2+li elevation induced by 

1o-5 M histamine were studied in normal PSS (1 mM Ca2+) and in Ca 2+-free 

PSS containing 2 mM EGTA. Both in the presence and the absence of 

extracellular Ca 2+ , mepyramine reduced, dose-dependently, the peak 

values (at 1 minute) of transient fluorescence elevations by 10W5 M 

histamine, and at higher concentrations of mepyramine, the peak levels 

of fluorescence were neither more nor less than the level recorded in 

cells pre-exposed to histamine (Fig. 3A, B). Cimetidine had little or 

no effect on elevation of the fluorescence induced by 10m5 M histamine, 

irrespective of the presence of extracellular Ca 
2+ . Thus, it is 

suggested that the transient elevation of [Ca2+li by application of 

histamine both in the presence and absence of extracellular Ca 2+ is 
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Figure 2. Dose-dependent effect of hiqtamine on the first component of 
thq+peak elevation (1 min.#e) of [Ca ]i of VSMCs in normal PSS (1 mM 
Ca 1 (A) and in Ca -free PSS containing 2 mM EGTA (B). 
Microfluorometry was carried out 1 minute after application of histamine 
in the cytosol of quin 2-loaded cells (0) and the unloaded cells (A). 
Data are mean f  SD of 4 experiments. 

Figure 3. The effect of various concf$ 
cimetidine (m) on a peak levels os+[Ca 

trations of mepyramine (O)-fnd 
]i elevat&ns induced by 10 M 

histamine, in normal PSS (1 mM Ca ) (A) or in Ca -free PSS containing 
2 mM EGTA (B). Broken lines indicate the pre-expqqure levels of 
fluorescence to histamine in normal PSS (A) and in Ca -free PSS (B), 
respectively. Microfluorometry was carried out 1 minute after histamine 
and antagonists were simultaneously applied. Data are mean ? SD of 4 
experiments. 

mediated by Hl -receptors and that the H2-receptors probably have no role 

in the [Ca*+] i regulation in cultured VSMCs from rat aorta. In accord 

with this result, histamine contracts the rat aorta and the effect was 

inhibited by mepyramine while cimetidine had no influence whatever (8). 

Thus, irrespective of the presence or absence of extracellular Ca 2+ , 

histamine activates Hl-receptors to induce a rapid, transient and 

dose-dependent elevation of [Ca *+I1 by releasing Ca 
2+ 

from cellular 
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store sites. This is the first report that histamine activates 

Hl-receptors to induce [Ca2+Ji transients in VSMCs. 
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