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AbstractSuspensions of undifferentiated cultured vas deferens smooth muscle cells (DDTrMF-2) 
were loaded with the calcium-sensitive fluorescent dye fura-2. Exposure to histamine elicited a rapid 
and rna~nt~~ed increase in intracell~ar free calcium ([Ca”]i) with an EC50 of 1.3 + 0.7 X lo-* M. The 
initial rise is a consequence of calcium release from intracellular stores, whereas the maintained or 
plateau phase, which is dependent upon the presence of extracellular calcium, is associated with calcium 
inlhtx. Experiments in nominally Ca ‘*-free buffer attenuated the initial rise in [Ca2+li (i.e. peak height) 
and virtually abolished the plateau phase. Re-addition of 2 mM Ca*+ (during experiments performed 
in nominally Ca2+-free buffer) resulted in a return of the plateau phase. Pretreatment with the Hr- 
antagonist mepyramine (100nM; Kd = 1.0 -C 0.4nM, N = 3) completely blocks the response to 
histamine, whereas tiotidine (2 PM; Hz-antagonist) had no effect. In conclusion, the present data would 
suggest that functional H,-receptors found in hamster vas deferens smooth muscle cells are typical of 
the “classical” H,-receptor in both its control of intracellular Caz+ and sensitivity to antagonism by 
mepyramine. 

A notable feature of binding studies with radioactive 
Hi-receptor antagonists in mammalian brain mem- 
branes is the species differences in antagonist binding 
properties [l]. For example, in rat brain the 
antagonist Kd values for some, but not all, Hi- 
antagonists are an order of magnitude greater than 
those obtained in guinea-pig brain membranes ]2] 
or those determined from functional Hi-responses 
in guinea-pig cerebral cortical slices and guinea-pig 
ileum [3,4]. In most respects, however, the 
characteristics of 3~-antagonist binding in rat brain 
are those expected of an Hi-receptor and rU, values 
obtained from functional studies in rat cerebral 
cortical slices agree reasonably well with the binding 
data [S, 61. These observations suggest that the 
structural identity or membrane environment of the 
histamine HI-receptor may differ between different 
tissues and species [l]. 

In the smooth muscle cell line DDTiMF-2, derived 
from a hamster vas deferens tumour 171, the X;, 
values for Hi-antagonists determined from [3H]- 
mepyramine binding are at least two orders of 
magnitude greater than those obtained in guinea-pig 
tissues [S, 91. Interestingly, this low-affinity [3H]- 
mepyramine binding site on DDTiMF-2 cells has 
been purified to homogeneity, with a molecular 
weight of 38-40 kDa [lo]. Preliminary studies of 
function responses in this cell line indicate that 
antagonism by H*-~tagonists can be demonstrated 
over a similar low affinity range [S, 91, raising the 
possibility that an Hi-receptor subtype may be 
present. 

In mammalian cells, Hi-receptors are generally 
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coupled to phospholipase C, via a regulatory G- 
protein, which upon activation hydrolyses the plasma 
membrane phospholipid, phosphatidylinositol 4,5- 
bisphosphate (PIP2), into inositol1,4,5-trisphosphate 
(IPs) and diacylglycerol (DAG) (for reviews see 
Refs 11 and 121). Diacylglycerol can then activate 
protein kinase C while IP3 triggers the release of 
calcium from intraceIlular stores resulting in a rapid 
rise in cytosolic calcium concentration [ll, 121. 
Cytosolic free Ca2+ can be measured in living cells 
using the calcium-sensitive fluorescent dyes fura- 
and quin-2 or the bioluminescence protein aequorin 
]l31. 

Histamine Hi-receptor induced rises in cytosolic 
[Ca2+] have been recorded using fluorescent dyes in 
a variety of tissue and cell types. For example, in 
airway and vascular smooth muscle [l&-18], human 
fibroblasts [19], 1321Nl astrocytoma cells [20], NlE- 
115 neuroblastoma cells [21,22], B&H1 smooth 
muscle cells [23-2.51 and human umbilical vein 
endothelialcells~2~32].TheH~-receptorstimulation 
in human airway smooth muscle, rat vascular smooth 
muscle and endothelial cells produces a sustained 
rise in [Ca2+]i that is biphasic in nature. The first 
component results from the release of calcium from 
intracellular stores, whereas, the sustained or plateau 
phase is predominantly calcium influx. In contrast, 
Hi-receptor stimulation in human fibroblasts and 
established cell lines of CNS origin (1321Nl and 
NlE-115) results in a transient rise in [Ca2’li, with 
a considerably reduced or absent plateau phase 
[19,21,22]. 

The intracellular calcium response to Hi-receptor 
stimulation has previously been recorded in the 
DDTIMF-2 smooth muscle cell line by Mitsuhashi 
and Payan [S, 91. These authors reported a rapid 
and concentration-dependent increase in [Ca”]i in 
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response to histamine which was sensitive to 
antagonism by high concentrations of the Hi- 
receptor antagonist chloropheniramine (100 nM to 
1 PM) [8,9]. The aim of this study was to 
quantitatively evaluate the susceptibility of this 
response to the selective Hi-antagonist mepyramine 
and to investigate the possibility that the suggested 
low-affinity Hi-receptors in DDTiMF-2 cells, may 
regulate intracellular Ca2+ increases differently from 
the “classical” high-affinity Hi-receptors found in 
other cell lines. 

MATERIALS AND METHODS 

Materials. The hamster vas deferens smooth 
muscle cell line (DDTiMF-2) was obtained from the 
European Collection of Animal Cell Cultures 
(Porton Down, Salisbury, U.K.). Fura-2/AM and 
ionomycin were from Calbiochem. Histamine and 
mepyramine were obtained from Sigma. Dulbecco’s 
modified Eagle’s medium (DMEM) and foetal calf 
serum (FCS) were from Northumbria Biologicals 
(U.K.) and trypsin-EDTA (10X solution) from 
Gibco. All other chemicals were of analytical grade. 

Cell culture. DDTiMF-2 cells were cultured at 37” 
in a humidified air/CO* (90: 10) atmosphere in 
75 cm2 flasks (Costar). The growth medium was 
Dulbecco’s modified Eagle’s medium supplemented 
with 2 mM L-glutamine and 10% (v/v) FCS. Cells 
were passaged once a week by treatment with trypsin 
(0.05%)-EDTA (0.02%) solution (l/20 split ratio) 
and fed with fresh growth medium every 48 hr. All 
experiments were performed on confluent cells 
(passages 4-11, numbers assigned after receiving the 
cell line). 

Measurement of intracellular free calcium. Intra- 
cellular free calcium was measured by loading cells 
with the calcium-sensitive fluorescent dye fura-2. 
Confluent monolayers were removed from culture 
flasks using a Ca2+/Mg2+ free phosphate buffered 
saline solution (137 mM NaCl, 2.7 mM KCl, 1.4 mM 
KH2S04, 6.5mM Na2 HP04) containing 0.005% 
EDTA, pH 7.4, at 37”for 5 min. After centrifugation, 
cells were resuspended in physiological buffer 
(145 mM NaCl, 10 mM glucose, 5 mM KCl, 1 mM 
MgSO,,, 10 mM HEPES, 2 mM CaC12, pH7.45) 
containing 10% FCS (v/v), 3 PM fura-2/AM and 
incubated for 20 min at 37”. After this “loading” 
period cells were washed, centrifuged, resuspended 
in fresh buffer that was free of fura- but contained 
0.1% bovine serum albumin (BSA) and kept at 37” 
until required. Before each experimental run a 2 mL 
aliquot was taken, washed and resuspended in fresh 
buffer. Fluorescent measurements were made at 37” 
in quartz cuvettes (drugs were added to the cuvettes 
in lO+L aliquots) containing a stirrer bar using a 
Perkin-Elmer LS 50 spectrometer. The excitation 
wavelengths were 340 and 380 nm, with emission at 
500 nm. The time taken to switch between 340 and 
380 nm excitation was 0.8 sec. Intracellular Ca*+ was 
calculated every 1.6 set from the ratio (R) of 340 nm/ 
380nm fluorescent values using the equation of 
Grynkiewicz et al. [33]: 

CR - Knin) 
[Ca2+li = (R,,, _ R) X (&0,min/S3~.max) x Kd 

where Kd is the affinity of fura- for CaZ+ (224 nM 
at 37”) and Sjm,min/Ssm,max is the ratio (/3 value) of 
the fluorescent values obtained at 380nm in the 
absence and presence of saturating [Ca’+]i. The 
maximum and minimum R values (R,,, and R,i”) 
were determined for each separate experiment under 
saturating [Ca2+]i (using 20 PM ionomycin, pH 7.45) 
followed by calcium-free (achieved using 6.25 mM 
EGTA immediately followed by 25 yL of 1.0 M 
NaOH to compensate for the decrease in pH, in 
the presence of 20,uM ionomycin) conditions, 
respectively. Corrections for autofluorescence were 
made by the addition of ionomycin (20 PM) followed 
by 5 mM MnS04. In our system R,,, was 35.4 + 4.7 
(N = 6), Rmin was 1.5 * 0.1 (N = 6) and Ssm,min/ 
s 360,max was 7.2 * 0.9 (N = 6). The R,i” is com- 
paratively high compared to values normally cited 
in the literature which are typically <l.O. This 
apparently “high” Rmin value may be a consequence 
of sequestration of fura- into cytoplasmic organelles. 
Where Ca2+-free conditions were required, fura- 
2 loaded cells were washed, centrifuged and 
resuspended in fresh buffer that was nominally Ca2+- 
free. 

Data analysis. Agonist and antagonist con- 
centration-response curves were fitted to a logistic 
equation using the non-linear regression program 
GraphPAD (ISI). 

Apparent antagonist equilibrium dissociation 
constants (Kd) were estimated from the relationship: 

& = rCsa/([A]/nCs~~ - 1) 

where lcso is the concentration of antagonist 
(mepyramine) required to inhibit by 50% the 
maximal response elicited by lOA M histamine ([A]) 
and ECSO is the concentration of agonist (histamine) 
required to produce half-maximum stimulation. This 
concentration of histamine produces the same 
response as that obtained with 100 PM histamine in 
the presence of the rCsoconcentration of mepyramine. 

Data are expressed as mean 2 SEM of at least 
three experiments. 

RESULTS 

Hi-receptor stimulation in the smooth muscle cell 
line, DDTiMF-2, results in a dose-dependent 
increase in intracellular Ca2+ which appeared to be 
biphasicin nature (Fig. la). Histamine (HA, 100 PM) 
increases basal [Ca2+]i from 332 * 28 nM (N = 19) 
to approximately 900 nM, within 20 set of application 
(see Fig. la). The response is clearly well 
maintained with the plateau phase declining slowly to 
approximately 600 nM, 2 min after the initial peak. 
Histamine concentration-response curves for the 
initial peak (i.e. maximum response) and plateau 
phase (determined at 30, 60 and 90sec after the 
initial peak) are shown in Fig. lb, with their 
accompanying ECSO quoted in the figure legend. The 
~~~~ values obtained for the peak and plateau phases 
show that both components are similarly sensitive 
to histamine. 

To assess the involvement of extracellular calcium 
in the overall response to histamine, experiments 
were performed in nominally Ca2+-free buffer. 
Figure 2a shows a profile obtained by stimulating 
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Fig. 1. (a) Effect of HI-receptor stimulation on intracellular 
Ca*+ concentration in fura- loaded vas deferens smooth 
muscle cells. Histamine (HA; 1OOpM) was added where 
indicated. Measurements of [Ca2’], were made every 1.6 set 
as described in Materials and Methods. (b) Concentration- 
response curves for histamine-stimulated increases in 
[Caz’li in DDTIMF-2 cells. Profiles and accompanying ECso 
values (PM) represent the peak ratio (F,,,/F,s,) response 
(0, 12.9 PM ? 7.1) and plateau phase at times 30 set (0, 
5.9yMt1.5), 60sec (A, 8.2pM-+4.1), and 90sec (A, 
19.9 PM f 10.1) after the maximum response. The data is 
expressed as a percentage of the peak response to 1 mM 
histamine (expressed as an increase in F,,,/F,s, ratio minus 
the basal fluorescence ratio), which was measured in each 
experiment. Data are means 2 SEM of four experiments. 

the Ht-receptors with 100 PM HA in the absence of 
added extracellular calcium. The most striking 
feature is the disap earance of a maintained plateau 
phase, with P [Ca +]i returning to basal levels 
approximately 100 set after stimulation. Similar 
results were obtained in nominally Ca2+-free buffer, 
containing 0.1 mM EGTA (Fig. 2b). This would 
indicate that a calcium influx mechanism(s), across 
the plasma membrane, is responsible for the plateau 
phase. A further consequence of removing the 
extracellular calcium is the attenuation of the 
maximum response (Fig. 3). In the absence of 
extracellular calcium, the response to 100 PM HA 
was 38.7% r 4.8 (N = 3) of that obtained in the 
presence of extracellular calcium. 

The plateau phase and its requirement for 
extracellular calcium was examined further in a 
series of experiments in which extracellular calcium 
(2 mM) was reapplied, after the cells had been 
stimulated with 100 PM HA. Figure 4a clearly shows 
that reapplying calcium (2 mM) to the extracellular 
buffer, after stimulation with 100 PM HA, results in 
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Fig. 2. Effect of removing extracellular Ca*+ on histamine 
stimulated [Ca”J changes. (a) In the presence of nominally 
Car+-free buffer; histamine (HA; 100 PM) was added where 
indicated. (b) In the presence of Ca*+-free buffer and 
0.1 mM EGTA; histamine (HA; 100 pM) was added where 
indicated. Similar results were obtained in three other 

experiments. 
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Fig. 3. The effect of removing extracellular calcium on the 
maximum peak response. Data were obtained in the 
absence (open bars) and presence (shaded bars) of 2 mM 
Ca*+. The data are expressed as a percentage of the 
res onse to 1OOpM histamine in the presence of 2mM 
Cape , which was taken as 100%. Data are means 2 SEM 

of three experiments. 

a rise in [Ca’+]i which is attributed to the 
reappearance of the plateau phase. To dismiss the 
possibility that this rise in [Ca”]i is simply a 
consequence of fura- leakage into the extracellular 
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Fig. 4. The effects of reapplying extracellular Ca2+ (2 mM) 
in the absence and presence of ~~~yra~~u~~ during 
experiments performed in nominally Ca’*-free buffer. All 
three experiments (a, b and c) were performed in nominally 
Ca”-free buffer. Histamine (HA; 100 PM), mepyramine 
fMep; l&InM), CaCI, OF drug vehicle tH@; 10 yL) were 
added where indicated. Similar results were obtained in 

three other experiments. 

medium a control experiment was performed in 
which HA was replaced with water (Fig. 4~). There 
was na observable increase in basal calcium during 
this experimen& indicating that the rise in [Ca*+]; 
(after reapplying 2 mM CaC12) shown in Fig. 4a is a 
result of calcium entry into the cell. The calcium 
entry (influx) that occurs during the plateau phase 
was shown to be dependent upon the continued 
presence of agonist, since removal of histamine from 
its receptor, using the HI-antagonist mepyramine 
(1mnM, applied 4Osec prim to 2 mM Call,), 
attenuates the observed rise in [Ca’*& seen when 
calcium (2 mM) was reapplied (Fig. 4b; compared 
with Fig. 4a). 
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Fig. 5. Antagonism by mepyramine of the response 
produced by stimulation with 100pM histamine. Cell 
suspensions were incubated with the relevant concentration 
of mepyramine for 15 min prior to the addition of histamine. 
The data are expressed as the percentage inhibition of the 
response to 100 FM histamine. The data represent inhibition 
of the peak (a> and plateau jb) phases of the response. 
The plateau phase measurements were taken at 1Wsec 
after the maximum stimtiation. Data are mean 2 SEM of 

three experiments. 

The me~yrami~e sensitivity of the histamine 
response (both the peak and plateau phase) 
was explored further by producing mepyramine 
concentration-response cnrves under antagonist 
equilibrium conditions (10-7-10-10 M, 15 min pre- 
incubation) in the presence of a constant HA 
concentratian (100 PM), Two curves representing 
mepyramine antagonism of the peak and plateau 
phase are shown in Fig. 5a and b, respectively. The 
peak and plateau phase are equally sensitive 
to mepyramine with IC~Q values of 6.6 +- 3.0 nM 
(N = 3) and 8.1 + 3.4 nM (N = 3$, respectively. This 
particular approach enabled apparent equilibrium 
dissociation constants (&) to be calculated (see 
Materials and Methods) fur the peak and plateau 
phase. The Kd values obtained were 1.0 r 0.4 nM 
(N = 3) and 1.2 + 0.5 nM (N = 3) for the peak and 
plateau phase, respectively. It should be noted that 
pretreatment with the Hz-antagonist tiotidine 
(2 x 10W6M; N = 2, data not shown) had no effect, 

The present study set out to investigate whether 
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the reported low-affinity Hr-receptors found in the 
vas deferens smooth muscle cell line, DDTrMF-2, 
regulate intracellular calcium release and calcium 
influx differently from the “classical” Hr-receptor 
detected in other cell lines. The data presented 
here show that when stimulated with histamine, 
suspensions of fura- loaded DDTrMF-2 cells rapidly 
increase cytosolic [Ca2+]. This histamine-stimulated 
increase in [Ca2’]i comprises two distinct COW 

ponents: (1) release of Ca2+ from intracellular 
storage sites (mobilization), which is probably 
secondary to the production and action of IPs 
[ 11,121, and (2) influx of extracellular Ca2+ through 
Ca2+ channels in the plasma membrane. A biphasic 
response to histamine can also be detected in 
DDTiMF-2 cells on inspection of the data presented 
by Mitsuhashi and Payan [8]. The mechanism(s) 
underlying Ca2’ influx in this cell line remain to be 
established but it is clear from the present data that 
it requires the continued presence of histamine on 
the receptor site (see Fig. 4b). Thus, after activation 
of intracellular release by histamine under calcium- 
free conditions, subsequent calcium entry (after 
addition of exogenous calcium) can be reduced 
by the addition of the Hr-receptor antagonist 
mepyramine. It should be noted that the small rise 
in [Ca2’]i observed in Fig. 4b (obtained after the 
reapplication of extracellular calcium (2 mM) in the 
presence of 1~nM mepyramine~ is probably a 
consequence of the relatively short exposure time 
(40 see) to the HI-antagonist before the addition of 
2 mM CaCl,. These conclusions are similar to those 
recently reported in human airway smooth muscle 
[18] but differ from the data obtained in human 
umbilical vein endothelial cells, where continued 
Hr-receptor occupancy is not required for Ca2+ 
influx 1241. In this latter case it is thought that Ca*+ 
entry is driven by the state of the intracellular 
calcium pool rather than by direct receptor activation 
[26]. However, whether the histamine-activated CaZ+ 
channel involved in DDTrMF-2 cells is a receptor- 
operated channel, a voltage-operated channel or 
a secondary messenger-activated Ca*+ channel, 
remains to be established [34]. 

The major finding of this study, however, concerns 
the sensitivity of the Hr-receptor-mediated calcium 
response to inhibition by mepyramine. The data 
reported here clearly shows that the rise in [Ca2+]i 
is inhibited by concentrations of mepyramine that 
are indicative of the “classical” H,-receptor i.e. Kd 
values in the order of 1 nM [l]. These experiments 
also revealed that the peak and plateau phase of the 
calcium response to histamine are equally sensitive 
to mepyramine (see Fig. 5) with Kd values of 
1.0 t 0.4nM (N = 3) and 1.2 2 0.5 nM (N = 3), 
respectively. This suggests that the same Hr-receptor 
is responsible for intracellular calcium release and 
influx of extracellular calcium, or that Hi-receptors 
coupled to different effector systems are involved, 
each with a high affinity for rnepyramine. This is in 
contrast to the [3H]rnepyramine binding dissociation 
constant of 219 nM reported in this cell line by 
Mitsuhashi and Payan (81. However, it is notable 
that these previous binding studies were undertaken 
at 4”, and in view of the marked temperature 
sensitivity of ~3H]mepyramine binding [35], this may 

partly account for the difference between the two 
sets of results. 

The basal [Ca*+]i observed during our experi- 
ments (332 + 28.5 nM (N = 19)) is exceptionally 
high, compared with the generally accepted resting 
[Ca2+]i of around 100nM. Previous measurements 
of intracellular [Ca2+] in DDTrMF-2 cells have 
revealed basal Ca*+ levels of 386 2 50 nM [S] and 
lOILL nM [36]. These values were obtained from 
suspensions of DDTrMF-2 cells loaded with fura- 
and quin-2, respectively. The high basal [Ca2’]i is 
not a consequence of dye leakage into the 
extracellular buffer (although dye leakage is a 
problem in this particular cell line), since cell 
suspensions were routinely centrifuged and resus- 
pended in fresh buffer immediately before each 
experimental run. The suggestion that dye leakage, 
into the extracellular medium, was causing the high 
basal [Ca”]i can be further dismissed by the data 
shown in Fig. 4c, where re-addition of 2 mM CaC12 
(experiment performed in nominally Ca2+-free buffer 
and HA replaced with water) did not produce any 
rise [Ca2+], be it intracellular or extracellular. It is 
feasible that 300 nM is the correct basal [Ca2+]i for 
this particular cell line. However, there are two 
possible explanations for the high basal [Ca2+li, 
firstly, sequestration of fura- into cytoplasmic 
organelles is occurring [37] or secondly, disrupting 
the monolayer and placing the cells in suspension 
may have perturbed the cells in some way, increasing 
their permeability to Ca*+ and hence raising basal 
[Ca2’]i. This latter explanation would account for 
the lower basal [Ca”+li measured in Caz+-free EGTA 
conditions (compare Figs la and 2b). Preliminary 
[Ca2+]i measurements on DDTIMF-2 cells grown on 
glass coverslips produced basal [Ca2+]i levels of 
around 100nM (Dickenson and Hill; unpublished 
obse~ations) supporting the view that the high basal 
[Ca2+]i levels are due to cell suspension. If this 
explanation is correct, then the lower basal values 
detected using quin-2 [36] may be attributable to its 
greater buffering capacity. 

In summary, the present study has shown that Hr- 
receptor stimulation in undifferentiated DDTrMF-2 
vas deferens smooth muscle cells evokes a rapid and 
sustained increase in [Ca2+li. The Hr-receptor 
responsible displays a high affinity for the antagonist 
mepyramine, with a Kd of 1.3 nM. We conclude that 
the Hi-receptor on DDTrMF-2 cells displays typical 
properties of the “classical” Hr-receptor and 
therefore does not represent a possible subclass of 
histamine Hl-receptor. 

Acknowledgemenrs-The authors thank the Wellcome 
Trust and Medical Research Council for financial support, 
and Philip Iredale and Dr Angela Ruck for their assistance 
in ~uorescence spectroscopy and ceil culture, respectively. 

REFERENCES 

1. Hill SJ, Distribution, properties, and functional 
characteristics of three classes of histamine receptor. 
Pharmacol Rev 42: 45-83, 1990. 

2. Hill SJ and Young JM, Histamine HI-receptors in the 
brain of the guinea-pig and rat: differences in l&and 
binding properties &d regional distribution. ir J 
P~a~aco~ 68: 687-696, 1980. 



1550 J. M. DICKENSON and S. J. HILL 

3. Hill SJ, Daum P and Young JM, Affinities of histamine 
HI-antagonists in guinea-pig brain: similarity of values 
determined from [3H]mepyramine binding and from 
inhibition of a functional response. J Neurochem 37: 
1257-1360, 1981. 

4. Hill SJ and Young JM, Characterization of [‘HI- 
mepyramine binding to longitudinal muscle of guinea- 
pig small intestine. Mol Pharmacoll9: 379-387, 1981. 

5. Claro E, Arbones L, Garcia A and Picatoste F, 
Phosphoinositide hydrolysis mediated by histamine H1- 
receptors in rat brain cortex. Eur J Pharmacol 123: 
187-196, 1986. 

6. Clara E, Garcia A and Picatoste F, Histamine- 
stimulated phosphoinositide hydrolysis in developing 
rat brain. Mol Pharmacol32: 384-390, 1987. 

7. Norris JS, Gorski J and Kohler PO, Androgen receptors 
in a Syrian hamster ductus deferens tumor cell line. 
Nature 248: 422-424, 1974. 

8. Mitsuhashi M and Payan DG, Characterization of 
functional histamine Hl receptors on a cultured smooth 
muscle cell line. J Cell Physiol 134: 367-375, 1988. 

9. Mitsuhashi M and Payan DG, Molecular and cellular 
analysis of histamine Hl receptors on cultured smooth 
muscle cells. J Cell Biochem 40: 183-192, 1989. 

10. Mitsuhashi M and Payan DG, Solubilization and 
characterization of the pyrilamine-binding protein from 
cultured smooth muscle cells. Mol Pharmacol35: 751- 
759, 1989. 

11. Berridge MJ, Inositol trisphosphate and diacylglycerol: 
Two interacting second messengers. Annu Rev Biochem 
56: 159-193, 1987. 

12. Berridge MJ and Irvine RF, Inositol phosphates and 
cell signalling. Nature 341: 197-205, 1989. 

13. Cobbold PH and Rink TJ, Fluorescence and bio- 
luminescence measurement of cytoplasmic free calcium. 
Biochem J 248: 313-328, 1987. 

14. Matsumoto T, Kanaide H, Nishimura J, Shogakiuchi 
Y, Kobayashi S and Nakamura M, Histamine activates 
H,-receptors to induce cytosolic free calcium transients 
in cultured vascular smooth muscle cells from rat aorta. 
Biochem Biophys Res Commun 135: 172-177, 1986. 

15. Kothkoff MI, Murray RK and Reynolds EE, Histamine- 
induced calcium release and phorbol antagonism in 
cultured airway smooth muscle cells. Am J Physiol 
253: C561-C566, 1987. 

16. Takuwa Y, Takuwa N and Rasmussen H, Measurement 
of cytoplasmic free Ca*+ concentration in bovine 
tracheal smooth muscle using aequorin. Am / Physiol 
253: C817-C827, 1987. 

17. Matsumoto T, Kanaide H, Nishimura J, Kuga T, 
Kobayashi S and Nakamura M, Histamine-induced 
calcium transients in vascular smooth muscle cells: 
effects of verapamil and diltiazem. Am J Physiol257: 
H563-H570, 1989. 

18. Murray RK and Kotlikoff MI, Receptor-activated 
calcium influx in human airway smooth muscle cells. J 
Physiol435: 123-144, 1991. 

19. Johnson CL, Johnson CG, Bazan E, Gruenstein E and 
Ahluwalia M, Histamine receptors in humanfibroblasts: 
inositol phosphates, Ca*+, and cell growth. Am J 
Physiol258: C533-C543, 1990. 

20. McDonough PM, Eubanks JH and Brown JH, 
Desensitization and recovery of muscarinic and 

histaminergic Ca*+ mobilization in 1321Nl astrocytoma 
cells. Biochem J 249: 135-141, 1988. 

21. Oakes SG, Iaizzo PA, Richelson E and Powis G, 
Histamine-induced intracellular free Ca*+, inositol 
phosphates and electrical changes in murine NlE-115 
neuroblastoma cells. J Pharmacol Exp Ther 247: 114- 
121, 1988. 

22. Iredale PAI, Ruck A, Martin KF, Kendall DA and 
Hill SJ, Histamine-induced changes in intracellular 
calcium in undifferentiated NlE-115 cells. Biochem 
Sot Trans 19: 6S, 1991. 

23. Brown RD, Prendiville P and Cain C, a,-Adrenergic 
and Hl-histamine receptor control of intracellular Ca*+ 
in a muscle cell line: the influence of prior agonist 
exposure on receptor responsiveness. Mol Pharmacol 
29: 531-539, 1986. 

24. Ambler SK, Poenie M, Tsien RY and Taylor P, Agonist 
stimulated oscillations and cycling of intracellular free 
calcium in individual cultured muscle cells. J Biol Chem 
263: 1952-1959, 1988. 

25. De Smedt H, Parys JB, Himpens B, Missiaen L and 
Borghgraff R, Changes in the mechanism of Ca2+ 
mobilisation during the differentiation of BCSH1 
muscle cells. Biochem J 273: 219-224. 1991. 

26. Hallam TJ, Jacob R and Merritt JE, Influx of bivalent 
cations can be independent of receptor stimulation in 
humanendothehal cells. BiochemJ259: 125-129.1989. 

27. Pollock WK, Wreggett KA and Irvine RF, Inositol 
phosphate production and Ca*+ mobilization in human 
umbilical-vein endothelial cells stimulated by thrombin 
and histamine. Biochem J 256: 371-376, 1988. 

28. Jacob R, Merritt JE, Hallam TJ and Rink TJ, Repetitive 
spikes in cytoplasmic calcium evoked by histamine in 
human endothelial cells. Nature 335: 40-45, 1988. 

29. Hallam TJ, Pearson JD and Needham LA, Thrombin- 
stimulated elevation of human endothelial cell 
cvtonlasmic free calcium concentration causes prosta- 
cyclih production. Biochem J 251: 243-249, 1988. 

30. Hallam TJ. Jacob R and Merritt JE. Evidence that 
agonists stimulate bivalent-cation influx into human 
endothelial cells. Biochem J 255: 179-184, 1988. 

31. Jacob R, Agonist-stimulated divalent cation entry into 
single cultured human umbilical vein endothelial cells. 
J Physiol421: 55-77, 1990. 

32. Jacob R, Imaging cytoplasmic free calcium in histamine 
stimulated endothelial cells and in fMet-Leu-Phe 
stimulated neutrophils. Cell Calcium 11: 241-249,199O. 

33. Grynkiewicz G, Poenie M and Tsien RY, A new 
generation of Ca*+ indicators with greatly improved 
fluorescence properties. J Biol Chem 260: 3440-3450, 
1985. 

34. Rink TJ, Receptor-mediated calcium entry. FEBS Len 
268: 381-385, 1990. 

35. Wallace RM and Young JM, Temperature dependence 
of the binding of [3H]-mepyramine and related 
compounds to the histamine H,-receptor. Mol 
Pharmacol23: 60-66, 1983. 

36. Reynolds EE and Dubyak GR, Activation of calcium 
mobilization and calcium influx by alpha,-adrenergic 
receptors in a smooth muscle cell line. Biochem Biophys 
Res Commun 130: 627-632, 1985. 

37. Di Virgilio F, Steinberg TH and Silverstein SC, 
Inhibition of fura- sequestration and secretion with 
organic anion transport blockers. Cell Calcium 11: 57- 
62, 1990. 


