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The regulation of the plasma membrane potential of rat peritoneal mast cells at the resting state and during 
activation was investigated using bisoxonol as a potential-sensitive fluorescent dye. Fh:grescence microphotography 
showed that this negatively charged probe was not only present in the plasma membrane, but was also distributed in 
the cytoplasm. The intracellular localization of bisoxonol was confirmed by conducting experiments which showed 
that bisoxonol fluorescence was not enhanced in ATP-permeabilized mast cells. Rotenone (10- 7 M) and ~ |igomycin 
(10-6 M) did not change the fluorescence of bisoxonoi showing, therefore, that mitochond~al depolarization was 
not recorded with bisoxonol and suggesting that bisoxonol may represent a useful probe to study plasma membrane 
potential changes in the absence of exocytosis. We showed that, in non-stimulated mast cells, the blockade of the 
sodium pump enhanced the fluorescence of bisoxonol as did gramicidin a non selective ionophore used to fully 
depolarize the cells. High concentration of potassium (30 raM) as well as different ionic channel blockers did not 
significantly change the fluorescence intensity of bisoxonol, suggesting that ionic channel permeabWties were not 
involved in maintaining the resting plasma membrane potential of mast cells. Mast cells stimulated by compound 
4 8 / 8 0  completely lost the fluorescence, shown by fluorescence microphotography, suggesting that exocytotic 
phenomena might induce a dye redistribution which is not only due to changes in the plasma membrane potential. 
In mast cells pretreated with pertussis toxin, which blocks mast celi.exocytosis, compound 4 8 / 8 0  induced a delayed 
(2 min) decrease of bisoxonoi fluorescence which was shown to be dependent on the activity of the sodium pump. 
Considering that bisoxonoi is a useful potential-sensitive probe in exocytosis-deprived mast cells, our results suggest 
that the so6ium pump is mainly involved in th~ changes of plasma membrane potential of mast cells. 

Introduction 

Histaminocytes include mast cells and basophilic 
leucocytes. These cells secrete inflammatory mediators 
upon aggregation of cell surface receptors for immuno- 
globulin E (IgE). Some types of mast cells, such as 
connective tissue mast cells also called serosal mast 
cells, respond to various peptides by a non-receptorial 
mechanism (see review in Ref. 1). Whatever the trig- 
gering agent may be, the early events including the 
exocytotic process are not fully known. One of these 
events might be changes in the plasma membrane 
potential. However, changes in the membrane poten- 
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tial during mast cell activation are a matter of contro- 
versy. Indeed, by recording the membrane potential of 
rat mesentery mast cells with a microelectrode, Tasaka 
et al. [2] showed that mast cells stimulated with com- 
pound 48/80 underwent depolarization as a conse- 
quence of degranulation. In contrast, it was shown that 
mast cells activation by non-immunological secreta- 
gogues involves membrane hyperpolarization due to a 
chloride current [3]. This hyperpolarization was pro- 
posed to increase calcium influx by providing electrical 
driving force, and therefore to play a role in the 
elevation of cytosolic calcium [3]. IgE-dependent de- 
granulation of mast cells does not require the opening 
of ionic channels [4], whereas compound 48/80 in- 
volves cadmium-sensitive calcium channels [5,6] and 
chloride channels [3]. 

Lindau and Fernandez [7] showed that the resting 
potential of mast cells fluctuated between 0 and - 3 0  
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mV, with a very small whole-cell conductance (10-30 
pS) and an input resistance of 30-100 GO. These 
values were supposed to be due to the imperfect pipette 
membrane seal. However, the authors could not ex- 
clude a resting potential caused by the electmgenic 
activity of the sodium pump or by the Na+/Ca 2+ 
exchanger, which might have been short-circuited by 
the leakage conductance of the seal. Such ionic ex- 
changes are interesting candidates for the regulation of 
the plasma membrane potential changes during mast 
cell-activation. 

Considering that patch-clamp techniques were not 
sufficient to record membrane current below 1 pA 
which can effectively be generated by the sodium pump 
[7], we used an other technique based on the behaviour 
of the potential-sensitive fluorescent probe bisoxonol. 
Oxonol dyes have been shown to be useful probes for 
investigating the elect~'ogenic properties of ionic 
translocating systems [8-10]. However, the use of fluo- 
rescent probes in mast cells can lead to numerous 
misinterpretations, as these cells undergo fast exocyto- 
sis which cannot be easily dissociated from early bio- 
chemical events. For instance, studies on membrane 
fluidity changes induced by compound 48/80 with 
trimethylaminodiphenylhexatriene [ 11,12] and cytosolic 
calcium monitoring with fura-2 or quin-2 [13,14] were 
shown to be drastically influenced by the exocytotic 
process itself. Nevertheless, it was shown that bisox- 
onol is a useful probe for studying plasma membrane 
potential changes in rat basophilic leukemia cells [15,16] 
in that it does not monitor mitochondrial depolariza- 
tion and in that changes in plasma membrane potential 
changes occur largely before the degranulation process 
starts. 

Therefore, to establish the usefulness of bisoxonol 
in stimulated mast cells we engaged studies on the 
distribution of this probe in mast cells, as well as on 
the influence of mitochondrial depolarization on the 
fluorescence signal. The present paper proposes bisox- 
onol as a potential-sensitive probe that can be used in 
mast cells only in the absence of exocytosis. In these 
conditions we showed that the plasma membrane po- 
tential of mast cells is mainly controlled by the activity 
of the sodium pump. This enzyme appears to be in- 
volved in the changes of mast cell membrane potential 
during activation which, however, appears as a conse- 
quence of mast cell stimulation. 

Materials and Methods 

Chemicals 
Pertussis toxin, 4-aminopyridine (4-AP), mast-cell- 

degranulating-peptide (MCD), deoxyglucose, dinitro- 
phenol, rotenone, oligomycin, compound 48/80, ATP, 
gramicidin and 4,4'-diisothiocyanatostilbene-2,2'-disui. 
fonic acid (DIDS) were obtained from Sigma Chemical 

Co (St. Louis, MO). 1-[4-(Trimethylamino)phenyl]-6- 
phenylhexa-l,3,5-triene (TMA-DPH) and bis(l,3 dieth- 
ylthiobarbiturate)trimethine oxonol (bisoxonol)were 
purchased from Molecular Probes (Eugene, OR). Te- 
traethylammonium chloride (TEA) was obtained from 
Merck-Schuchardt (Hohenbrunn, F.R.G.). Ethanol was 
used to solubilize gramicidin (100-fold concentrated) 
and oligomycin (10000-fold concentrated). Dimethyl- 
sulfoxide was used for rotenone (10000-fold concen- 
trated), and bisoxonol (1000-fold concentrated). TMA- 
DPH wa.~ solubilized as a stock solution of 5 mM in 
dimethylformamide. 

Cell system 
Male Wistar rats (lffa-Credo, L'Arbresle, France) 

weighing 350 to 400 g were killed by stunning and bled, 
12 ml of balanced salt ~lution containing (raM): NaCI, 
137; KCI, 2.7; CaCI 2, 1; MgCi 2, 1; NaH2PO 4, 0.4; 
glucose, 5.6; and Hepes, 10; NaOH (pH 7.4), supple- 
mented with 0.05% gelatin were injected into the peri- 
toneal cavity. The peritoneal fluid was collected and 
centrifuged for 1.5 min at 180 x g. The pellet was 
resuspended in the same solution and the mast cells 
were purified using a bovine serum albumin gradient as 
described previously [17,18]. Mast cells were washed 
immediately after the purification step with the corre- 
sponding buffer, i.e., in some experiments (Figs. 3, 5 
and 9), potassium and/or  calcium were omitted and 
replaced with equivalent amounts of sodium. Other- 
wise the concentrations of potassium chloride and cal- 
cium were 2.7 mM and 1 mM, respectively. In the 
experiment shown in Fig. 9 purified mast cells (> 98%) 
were resuspended and adjusted with the buffer to a 
concentration of l0 t' cells/ml and were pretreated 
with 300 ng/ml of pertussis toxin for 2 h, at 37 °C and 
then, washed with the buffer. 

Bisoxonol fluorescence measurements 
The mast cell suspension (2.5 ml containing 4.5.105 

cells/ml) was placed in 1 cm quartz cuvettes. The 
cuvettes were preincubated for 2 min, at 37 ° C, in the 
thermostated cuvette-holder of a Jobin-Yvon Spectro- 
fluorimeter (JY 3D) with gentle stirring. Changes in 
the plasma membrane potential were monitored using 
bisoxonol as previously described [18]. Briefly, bisox- 
onol was added to obtain a final concentration of 100 
nM and fluorescence intensities were recorded contin- 
uously at 540 and 580 nm. To quantify the membrane 
potential in millivoits, the valinomycin K + null-point is 
usually recommended [9]. Although, the fluorescence 
of bisoxonol has been correlated to the plasma mem- 
brane potential, this null-point method was not possi- 
ble since valinomycin binds to oxonol dyes. Gramicidin, 
a non-selective cation ionophore, was used to abolish 
the transmembrane gradient of monovalent cations, 
i.e., to induce maximal cell depolarization. 



Mast cell permeabilization 
Mast cel!s were permeabilized as described else- 

where [19]. Briefly, mz, st cells were purified and resus- 
pended (2.5 ml containing 4.5.105 celis/ml) in a cal- 
cium- and magnesium-free medium in the presence of 
EDTA (20/.tM). The addition of ATP (18 #,M) allows 
the immediate opening of ionic channels which are 
believed to allow the influx of molecules which are 
normally impermeant [20]. Under these conditions the 
effect of mast cell permeabilization was studied on the 
fluorescence of bisoxonol. This effect was compared to 
that obtained with the fluorescence of TMA-DPH 
which was previously shown to be selectively localized 
in the plasma membrane under resting conditions [17]. 

Bisoxonol fluorescowe microphotography 
The localization of bisoxonoi in intact mast cells and 

in compound 48/80.stimulated mast cells was assessed 
by performing micrographs using a Nikon Optiphot-2 
photomicroscope equipped for epiillumination (DM 
580) with filters at 510-560 nm for excitation and at 
590 nm for observation. The original magnification was 
400 x ;  400 ASA KODAK Tmax films were used for 
recording. Because of the rapid photobleaching of 
bisoxonol, it was difficult to obtain fluorescence mi- 
crophotographs clearer than those shown in Fig. 2. 

R e s u l t s  

Preliminary controls 
The effects of varying bisoxonol concentration and 
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mast cell density on the fluorescence intensities of 
bisoxonol are shown in Fig. 1. Increasing the concen- 
tration of bisoxonol from 25 to 250 nM led to the 
appearance of a dose-dependent fluorescence signal, 
which stabilized within 2 min. The concentration of 100 
nM or 150 nM of bisoxonol were usually recommanded 
[15,16,21]. Here, we showed that in the presence of 
4.5.10 s mast cells/ml, the concentration of 100 nM of 
bisoxonol is appropriate because it does not saturate 
the binding sites for bisoxonol since higher concentra- 
tion enhanced the fluorescence signal (Fig. 1A). In- 
creasing ~he mast cell density in the presence of a fixed 
concentration of bisoxonol is shown in Fig. lB. The 
fluorescence signal was proportional to the mast cell 
density indicating a partition equilibrium between the 
dye in the extracellular aqueous phase and the dye in 
the cells. Therefore, in the presence of 4.5.105 mast 
celis/ml, 100 nM is an accurate concentration for 
bisoxonol because there is still bisoxonol available in 
the aqueous phase which is supposed to transduce 
changes in tile slate of polarization of the plasma 
membrane of mast ceils. 

The cellular localization of bisoxonol in mast cells 
The cellular localization of bisoxonol was ap- 

proached by two types of experiments, i.e., fluores- 
cence microphotography and mast cell permeabiliza- 
tion. Fig. 2B shows that the fluorescence was dis- 
tributed in the whole unstimulated cell except in the 
middle part which may correspond to the nucleus. A 
similar distribution was also observed for rat basophilic 
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Fig. 1. Fluorescence intensities of bisoxonol according to the dye concentration and to the mast cell density. (A) Mast cells (4.5.10'~/ml) 
preincubated at 37 °C in the quartz cuvette for 5 min before adding the various doses of bisoxonoi which were given on the trace in nM. ('8) 
Bisoxonol (100 riM) was preincubated at 37 ° C for 5 min before adding mast cells from a concentrated suspension of 5. l0 t' mast cells/ml. The 
numerals on the trace indicate the mast cell density in cells/ml x 10 -3. Traces were representative of one experiment repeated twice. The st-ale 

indicates the time in rain. 
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Fig, 2, Bisoxonol la! 
. . . . . . . . . . . . . . . . . . . . .  ,,._incubated at 37 o C 

with 100 nM bisoxonol and then stimulated with 0.2 ~g/ml  of compound 48/80, The cells were then observed on cover glass slips. Stimulated 
and unstimulated mast cells can be observed on the same preparation. For instance, a non-stimulated mast cell (arrow) can be seen in (A) and 
the corresponding labelling in (B), A stimulated mast cell which underwent large exocytosis (arrow head) can easily be observed in (A), but its 

corresponding image in fluorescence was not detected in B. 

leukemia cells (not shown). The stimulation of mast 
cells, which led to the loss of their regular outline and 
granule extrusion (Fig. 2A), completely abolished the 
fluorescence ~Fig. 2B), suggesting a dramatical hyper- 
polarization or simply a dye loss related to the exocy- 
totic process. Another evidence for the dye distribution 
throughout the cells was obtained by permeabilizing 

the mast cells with the method using ATP 4- [19]. Fig. 
3 shows that the fluorescence signals of TMA-DPH 
and bisoxonol before and after cell permeabilization. 
We previously demonstrated that, in intact cells, TMA- 
DPH was only localized in the plasma membrane [17,22] 
and that this probe underwent a partition equilibrium 
between the extracellular aqueous phase (where it does 
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Fig. 3. Effect of ATP on the fluorescence of TMA-DPH and bisoxonol. Purified rat peritoneal mast cells were suspended in a Ca 2+- and 
Mga+-free medium, containing 20 I,M EDTA. Bisoxonol and TMA-DPH were added at the time indicated by the arrow head. (A) Mast cells 
were labelled with 5. I{V ? M of TMA-DPH. Fluorescence intensities were recorded at 340 and 475 nm. (B) Mast cells were labelled with 100 nM 
of bisoxonol and fluorescence intensities were recorded at 540 and 580 nm. ATP was added at 18 t~M (final concentration). Traces were 

representative of three different exveriments. Tile scale indicates the time in min. 

not fluoresce) and the plasma membrane (where it 
fluoresces). This probe is now also used as a measur- 
able parameter  of cell permeation [19]. Fig. 3A shows 
that the addition of ATP 4- to the TMA-DPH-labeUed 
mast cells increased the fluorescence intensity whereas 
it did not modify that of bisoxonoi-labelled cells (Fig. 
3B). This result strongly supports that bisoxonol has 
already labelled the inner membranes of mast cells, 
such as granule membranes and mitochondria. Thus, 
changes in the mitochondria membrane potential had 
to be shown not to affect the fluorescence of bisoxonol. 

Fig. 4 shows the effect of rotenone and oligomycin 
known to affect membrane potential of mitochondria 
by depleting cells in ATP [15]. In the presence of 
standard conditions (1 mM of Ca 2+ and 2.7 mM of 
KCI), only oligomycin slightly decreased the fluores- 
cence of bisoxonol (Fig. 4A). However, depleting cellu- 
lar ATP might modify the activity of effectors which 
participate in maintaining the resting plasma mem- 
brane potential. The sodium pump and a Ca2÷-depen - 
dent process were shown to modulate the fluorescence 
of bisoxonol in mast cells [18]. Therefore, to short 
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Fig. 4. Effect of rotenone and oligomycin on the fluorescence of bisoxonol under different conditions which were gi'.,en on traces. Bisoxonol (100 
nM) was added at the time indicated by the arrow head. Rotenone and oligomycin were added to obtain final concentrations of 10 -~ M and 

10 - 6  M, respectively. Traces were representative of three different experiments. The scale indicates the time in min. 
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Fill. 5. Effect of KCI and 8ramieidin on the fluorescence of bisoxonol. (A) Mast cells were preincubated at 37 ° C for 45 min in the presence of 5.6 
mM 81ucose before they were placed in the quartz cuvette of the fluorometer. KCI and gramicidin (G) were added at 2.7 mM and 10 ,ttg/ml, 
respectively. (B) Mast cells were preincubated for 45 min at 37 °C in the presence of 5.6 mM deoxyglycose and 10 -4 M of dinitrophenoi, but in 
the absence of glucose. Mast cells were washed and resuspended in a glucose free-medium. KC! a,,e gramicidin were added at the concentrations 
given in (A). ((2) Mast cells were treated as described in (A). KCI were added to obtain final conc~.atrations of 2.7 mM (first addition) and 30 mM 
(second addition). Bisoxonol was added at !00 nM. Traces were representative of four different experiments. The scale indicates the time in min. 

circuit these systems we studied the effects of ro tenone 
and oligomycin in the absence of  K + and Ca 2+. Fig. 4B 
shows that  under  these conditions nei ther  ro tenone 
nor oligomycin had any effect. Thus,  our  results show 
that bisoxonol does not t ransduce membrane  potential  
changes in mitochondria which is in accordance with 
data obtained on rat basophilic leukemia cells by o ther  
authors [15]. 

Changes in the fluorescence of bisoxonol in resting mast 
cells 

Fig. 5 shows the effect of potassium on K+-deprived 
mast cells. The  addition of 2.7 mM induced a fast 
decrease of  fluorescence of bisoxonol followed by a 
plateau and then by a partial recovering of the fluores- 
cence intensity (Fig. 5A). This decrease was completely 
abolished in the presence of ouabain [18] showing that 
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F'ql. 6. Effect of ionic channels blockers on the fluorescence of bisoxonol. Mast cells were preincubated 5 min at 37 o C before adding bisoxonol 
(100 riM). Tetraethylammonium chloride (TEA); 4-aminopyridine (4-AP), mast cell degranulating-peptide (MCD), 4,4'-diisocyanatostilbene-2,2'- 
disuifonic acid (DIDS) and cadmium (Cd 2+ ) were added at final concentrations of 20 mM, 1 mM, 10 -6 M, 3.10 -5 M, and 10 -4 M, resp6ctively. 



the effect of potassium is entirely dependent on the 
activity of the sodium pump. Further addition of K + at 
30 mM did not increase the fluorescence of bisoxonol 
(Fig. 5C). In contrast, the addition of 10 /zg/ml of 
gramicidin allowed to reach the fluorescence intensity 
observed in the absence of K + (Fig. 5A). When mast 
ceils were pretreated with 5.6 mM deoxyglucose and 
10 -4 M dinitrophenol in order to deplete intracellular 
stores of ATP, the addition of neither K ÷ nor grami- 
cidin significantly changed the fluorescence intensity 
(Fig. 5B). 

Fig. 6 shows the effect of various ionic channels 
inhibitors. The effect of tetraethylammonium chloride, 
4-aminopyridine and mast cell degranulating-peptide 
which affect Ca2+-activated and voltage-sensitive K ÷- 
channels, were studied. Tetraethylammonium and 4- 
aminopyridine did not significantly affect the fluores- 
cence of bisoxonol (Figs. 6A and B). A slight decrease 
was observed for TEA due to the dye dilution, in 
contrast, mast cell degranulating peptide decreased the 
fluorescence intensity of bisoxonol (Fig. 6C) suggesting 
a hyperpolarization of the plasma membrane. How- 
ever, MCD induced histamine secretion (not shown) 
under these conditions. Figs. 6D and 6E show the 
effect of DIDS, an inhibitor of chloride channels in 
mast cells [3] and Cd 2+ an inhibitor of Ba2+-sensitive 
Ca 2÷ currents in mast cells [5,6] on the fluorescence of 
bisoxonol. DiDS and Cd 2+ did not significantly modify 
the fluorescence of bisoxo~ol. However, a slight de- 
crease was observed for DIDS apparently not due to 
an inhibitory effect of chloride channels, since a depo- 
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larization would be expected, i.e. an increase in the 
fluorescence of bisoxonol. 

Changes in the fluorescence of bisoxonol mast cell actiz,a- 
tion 

The effect of compound 48/80 on the fluorescence 
of bisoxonoi is shown in Fig. 7. When mast cells were 
triggered by compound 48 /80 ,  a fast decrease of 
bisoxonol fluorescence was followed by a plateau and 
then by a slower decrease (Fig. 7A). The addition of 
gramicidin partially restored the fluorescence which, 
however, did not reach the initial value (Fig. 7A). In 
ATP-depleted mast cells, compound 48/80 did not 
change the intensity of fluorescence (Fig. 7B) clearly 
demonstrating that changes in the fluorescence of 
bisoxonol induced by compound 48/80 was an energy- 
dependent process. Therefore, the decrease of the 
fluorescence intensity may be due to the secretion 
process inducing changes in the spectra of bisoxonol 
and /o r  a dye extrusion. Both hypotheses were hwesti- 
gated. 

Fig. 8 shows the absorption spectra of bisoxonol in 
stimulated and non stimulated mast cells. The spec- 
trum of bisoxonol was not changed in stimulated mast 
cells. Only the intensity of bis(~onol was lowered. 
Similar results were obtained with the emission spec- 
trum (not shown). These results suggest that the de- 
crease of bisoxonol fluorescence observed at 540 nm 
when compound 48/80 was added to the cells ~as not 
due to changes of the physico-chemical properties of 
bisoxonoi. 
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Fig. 7. Effect of compound 48/80 on the fluorescence of bisoxonol. (A) Mast cells were preincubated for 45 min at 37 o C in the presence of 5.6 
mM glucose. Compound 48/80 and gramicidin (G) were added at 0.2/~g/ml and 10 gmg/ml, respectively. (B) Mast cells were preincubated for 
45 rain at 37 o C in the absence of glucose but in the presence of 5.6 mM deoxyglucose and 10- 4 M dinitrophenol. Compound 48/80 was added 

at 0.2 ~g/ml (final concentration)° Traces were representative of three different experiments. The scale indicates the time in min. 
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Fig. 8. Fluorescence excitation spectra of bisoxonol before and after 
the stimulation of mast cells. Fluorescence of bisoxonol was recorded 
at 580 nM. Mast cells were labeled with 100 nM of bisoxonol and 
were stimulated with 0.2/,g/ml of compound 48/80. Traces were 

representative of two separate experiments. 

Fig. 9 shows the effect of a pretreatment of mast 
cells with pertussis toxin in the presence or absence of 
potassium. Experiments were performed with 0.1 
/~g/ml of compound 48/80 (Fig. 9A) instead of 0.2 
/~g/ml. This dose was a more accurate dose to obtain a 

good separation of the two phases of fluorescence 
intensity decrease. The first phase was lowered while 
the delayed one was increased (Fig. 9A). When mast 
cells were pretreated with pertussis toxin, which in- 
hibits histamine secretion induced by compound 48/80  
[23,24] only the delayed phase could be distinguished 
(Fig. 9B). This was abolished when the sodium pump 
was inhibited, i.e., mast cells were placed in a potas- 
sium free medium (Fig. 9C). Thus, compound 48/80  
had no effect when pertussis toxin-pretreated mast 
cells were placed in a potassium-free medium (Fig. 
9D). In summary, compound 48 /80  induced two phases 
of bisoxonol fluorescence decrease, a first one sensitive 
to pertussis toxin and the second one dependent on the 
activity of the sodium pump. 

Discussion 

The plasma membrane potential of rat peritoneal 
mast cells was assessed by using a fluorescent hy- 
drophobic potential-sensitive probe, bisoxonol. This 
probe is negatively charged and prefers a hydrophobic 
environment, according to the membrane polarization 
state, where the fluorescence quantum yield increases 
more than 20-fold. Therefore, an increase in the fluo- 
rescence of bisoxonoi usually corresponds to the depo- 
larization of the plasma membrane and conversely a 
decrease corresponds to a repolarization, or hyper- 
polarization of the plasma membrane. Bisoxonol was 
first used in lymphocytes and was shown to be a better 
probe that 3,3'-diprowlthiadicarbocyanine because it 
,~howed numerous side effects, e.g. it had by itself a 
depolarizing effect and it inhibited B cell capping [21]. 
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However, bisoxonol forms complexes with valinomycin 
thus ruling out the use of this ionophore which is the 
current tool to correlate fluorescen~.e intensities of 
other oxonol dyes and the membram, potential in mV 
[9,10]. Another probe used as indicator of membrane 
potential is tetraphenylphosphonium, but its slow equi- 
librium distribution and its significant accumulation in 
mitochondria [25] hinders its usefulness. In contrast, it 
has been reported that bisoxonol is a useful indicator 
of membrane potential in rat basophilie leukemia cells 
taking advantage of its rapid equilibration with the 
cells and that it is not affected by changes in mitochon- 
drial potential [15]. Previously, we reported that rat 
basophilic leukemia cells behaved differently from mast 
cells according to data obtained with bisoxonol [18]. 
We showed that maximal fluorescence intensity of 
bisoxonol was achieved in mast cells when the sodium 
pump was inhibited and in rat basophilic leukemia cells 
when they were placed in high potassium medium. We 
concluded that the plasma membrane potential of mast 
cells was controlled mainly by the sodium pump and 
that of rat basophilic leukemia cells (RBL cells) by a 
potassium channel permeability which is in accordance 
with [15]. However, since mast cells and RBL cells are 
morphologically different cells, e.g. the density and the 
size of granules, studies had to be undetaken to local- 
ize mast cell cellular structures labeled by bisoxonol. 
Preliminary controls (Fig. 1) showed that 100 nM of 
bisoxonol and a mast cell density of 4.5- 105 cells/ml 
were adequate experimental conditions to monitor 
changes in the equilibrium of bisoxonol with the cells, 
since this dye at 100 nM did not saturate binding sites 
in mast cells and there was still probe available in the 
aqueous phase. Bisoxonol raoidly equilibrates with mast 
cells (present results and Ref. 18), i.e. ,9'~% of the 
fluorescence intensity was obtained within 20 s. Mi- 
crophotographies showed that the dye was distributed 
in the whole cell except in the nucleus (Fig. 2). Perme- 
abilization of mast cells did not increase the fluores- 
cence of bisoxonol indicating that this probe was not 
only localized in the plasma membrane in contrast to 
TMA-DPH (Fig. 3). A similar behaviour was found for 
diphenylhexat:iene, the cell permeant analog of TMA- 
DPH, in mast cells [17] and for other cells types (Ref. 
26 and references herein). 

Bisoxonol belongs to a family of oxonol dyes whose 
mechanism of transducing changes in the membrane 
potential has been well studied [27,28]. When a puta- 
tive potential-sensitive probe is distributed throughout 
the cytoplasm careful attention has to be paid to the 
possible interferences of mitochondrial potential. How- 
ever, as mentioned by Mohr and Fewtrer~ [15], the 
negative charges of bisoxonol ensures that the dye does 
not accumulate in mitrochondria. They showed that 
membrane depolarization induced by rotenone and 
oligomycin did not modify the fluorescence of bisox- 
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onol in RBL cells. In this study, we showed that this is 
also the case for rat peritoneal mast cells (Fig. 4). 
Therefore, we suggest that in spite of its intracellular 
localization bisoxonol k, a valuable probe for monitor- 
ing changes in the plasma membrane potential. We 
showed that the fluorescence intensity of bisoxonol in 
mast cells, when the sodium pump was inhibited, was 
similar to that obtained in the presence of gramicidin 
when the sodium pump worked (Fig. 5). Considering 
that gramicidin is currently used to induce maximal 
depolarization, our results suggest that the inhibition 
of the sodium pump induced maximal depolarization of 
mast cells, and rules out a possible involvement of 
potassium channel permeability in maintaining the 
resting plasma membrane potential of rat mast cells. 
This was confirmed by the lack of a significant effect of 
high concentrations of potassium (Fig. 5), 4-amino- 
pyridine and tetraethylammonium chloride (Fig. 6) 
which are known to affect most potassium channels 
(review in Ref. 29). However, mast cell-degranulating 
peptide (MCD), an inhibitor of some voltage sensitive 
potassium channels [30], induced a decrease of the 
fluorescence of bisoxonol similar to that observed with 
compound 48/80 (Fig. 7). We recently showed that the 
mechanism of action of MCD in mast cells was similar 
to that of compound 48/80 [31]. The interpretation of 
the effect of MCD on bisoxonol must be made in 
parallel with those for compound 48/80 (see later). 
The ionic regulation of the sodium pump [32,33] and 
its role in the mast cell-sensitivity to various secreta- 
gogues [34,35] have been sufficiently described else- 
where. 

DIDS, a chloride channel inhibitor in mast cells [3], 
and cadmium, an inhibitor of calcium channels in mast 
cells [5,6], did net significantly affect the fluorescence 
of bisoxonol, suggesting that these channels were not 
involved in the regulation of the plasma membrane 
potential of resting mast cells. However, these results 
did not exclude the existence of ionic channels, but do 
support the idea that they influence the plasma mem- 
brane potential in a lower magnitude than the sodium 
pump does. The fact that the plasma membrane poten- 
tial is mainly set by the sodium pump is not a unique 
feature of mast cells since neutrophils and Lettr6 cells 
were also concerned [9,10]. 

The changes of bisoxonol fluorescence during mast 
cell activation were also studied. We observed that 
compound 48/80 at 0.2/~g/ml induced a decrease of 
the fluorescence of bisoxonol in an energy dependent 
process (Fig. 7). The further addition of gramlcidin 
could not a re-enhance the fluorescence of bisoxonol 
above the initial value indicating that changes in the 
fluorescence might not only be related to changes fla 
the membrane potential. Changes in the fluorescence 
spectra of bisoxonol were not involved (Fig. 8). Dye 
exocytosis seems to be a reasonable possibility. The 



330 

possibility of misinterpretations of results have also 
been suggested with other intracellular localized dyes 
(i.e. quin-2 and fura 2), used for monitoring cytosolic 
calcium changes [13,14]. Significant amounts of these 
dyes accumulate in granules, which then may be exocy- 
tosed and therefore reflects the extracellular calcium 
concentrations [13,14]. The exocytosis of bisoxonol dur- 
ing mast-cell activation is not demonstrated in the 
present paper. However, we have observed that acti- 
vated mast cells completely lost their fluorescence (Fig. 
2). Strikingly, the concentration of 0.2 pg /ml  com- 
pound 48/80 induced the loss of fluorescence in ap- 
proximately half of the number of mast cells which 
might therefore be responsible for the 50% decrease of 
the fluorescence. Thus, this decrease could arise from 
the complete loss of fluorescence of 50% of the num- 
ber of mast cells. If this is the case the decrease of 
fluorescence cannot be due the hyperpolarization of 
mast cells because this would mean that mast cells 
undergo drastic hyperpolarization during mast cell acti- 
vation which has never been reported [2-4,7]. Bisox- 
onoi has been used in RBL-ceils stimulated via the 
immunological pathway. It was shown that the anti- 
genie stimulation of RBL cells induced a depolariza- 
tion largely occurring before secretion started [15]. 
Since these authors observed a distinct kinetic of the 
fluorescence intensity ~increase and of the secretion 
process itself, it is clear that these two signals did not 
interfer. However, compound 48/80-induced exocyto- 
sis [17] and the decrease of bisoxonol fluorescence 
(present results) are fast signals and, thus, hardly dis- 
tinguishable. 

In contrast we obtained interesting results when the 
exocytotic process was blocked. For this we used per- 
tussis-toxin which is known to interfere with some G 
plx~teins and therefore acts at an early stage of stimu- 
lus-secretion coupling process, This toxin has been 
reported to block mast cell exocytosis induced by com- 
pound 48/80 [23], mastoparan, substance P [24] and 
bradykinin [36], in mast cells treated with pertussis 
toxin compound 48/80 only induced a decrease of the 
fluorescence of bisoxonol after only 1.5 rain (Fig. 9). 
This was abolished in th~ absence of potassium sug- 
gesting that it was due to the activation of the sodium 
pump. Similar results were obtained with zinc glu- 
conate, instead of a pertussis toxin pretreatment [37]. 
However, the decrease of bisoxonol fluorescence 
started after 1.5 rain ruling out the possibility that it 
can play a role in the initiation of the secretory process 
because compound 48/80-induced exocytosis is very 
rapid and was completely terminated within 1 rain 
[12,17]. However, the activation of the sodium pump 
and/or  the changes in the membrane potential of mast 
cells might play a role in the termination of the secre- 
tory process. We previously suggested that protein ki- 
nase C may play a role in the termination of the 

secretory process induced by compound 48/80 [38]. 
Furthermore, it was shown, in vitro, that the sodium 
pump is a substrate for protein kinase C [39]. Such an 
interaction needs further investigation in mast cells. 
Whatever the case may be, our results suggest that 
there are no changes in the plasma membrane poten- 
tial of rat peritoneal mast cells which might play a 
possible role in the activation of mast cells. The changes 
in the membrane potential may rather be a conse- 
quence. 

In conclusion, we propose that bisoxonol is a useful 
probe for studying the plasma membrane potential of 
rat peritoneal mast cells at the resting state or during 
activation but with blocked-exocytosis. 
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