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Abstract. Stimulation with leukotriene P (LTD,) — Ca&*— C&*-depletion — BAPTA — Volume regu-
(3—100 m1) induces a transient increase in the free intra-lation

cellular C&* concentration ([C&],) in Ehrlich ascites

tumor cells. The LTR-induced increase in [G4; is, )

however, significantly reduced in &afree medium Introduction

(2 mv EGTA), and under these conditions stimulation

with a low LTD, concentration (3m) does not resultin It has previously been suggested that leukotriene D
any detectable increase in [€}. Addition of LTD,(3—  (LTD,) is an essential component of the signaling path-
100 nv) moreover accelerates the KCl loss seen duringvays controlling the regulatory volume decrease (RVD)
Regulatory Volume Decrease (RVD) in cells suspendedesponse after hypotonic cell swelling in Ehrlich ascites
in a hypotonic medium. The LTRinduced (100 m) tumor cells (Lambert, Hoffmann & Christensen, 1987,
acceleration of the RVD response is also seen ii"Ca SeeHoffmann, Simonsen & Lambert, 1993; Lambert,

free medium and also at 3vnLTD,, indicating that 1994; Hoffmann & Dunham, 1995). This suggestion
LTD, can open K- and CI-channels without any de- Was based on the observations that the leukotriene syn-
tectable increase in [¢§,. Buffering cellular CA*with  thesis is stimulated during RVD, that inhibition of the
BAPTA almost completely blocks the LTBnduced leukotriene synthesis prevents the RVD response, and
(100 m) acceleration of the RVD response. Thus, thethat LTD, activates K and Cr-channels as well as the
reduced [C&']; level after BAPTA-loading or buffering “taurine channel” (Lambert et al., 1987; Lambert, 1989;
of [Ca2*]; seems to inhibit the LTRinduced stimulation ~Lambert & Hoffmann, 1993; Lambert & Hoffman,

of the RVD response even though the LFidduced cell ~ 1994). Diener and Scharrer (1993) similarly found that
shrinkage is not necessarily preceded by any detectableT D4 is the messenger for activation of the”@hannel
increase in [C&'],. The LTD, receptor antagonist during RVD in crypt cells from rat colon epithelium and
L649,923 (1pM) completely blocks the LTRinduced ~ Mastrocola et al. (1993) found that the swelling activated
increase in [C&]; and inhibits the RVD response as well CI” efflux in human fibroblasts was inhibited by the
as the LTD-induced acceleration of the RVD response. 5-lipoxygenase inhibitor ETH 615-139. Furthermore,
When the LTD) receptor is desensitized by preincubation Thoroed & Fugelli (1994) demonstrated that the L,TD
with 100 v LTD,, a subsequent RVD response is antagonist L 660711 strongly inhibited the volume-
strongly inhibited. In conclusion, the present study sup-2ctivated taurine channel in various fish erythrocytes.
ports the notion that LTPplays a role in the activation Involvement of another lipoxygenase product, the 12-
of the RVD response. LTPseems to activate Kand  lipoxygenase product Hepoxilin £ in the RVD re-

CI™ channels via stimulation of a LT[xeceptor with no  Sponse was demonstrated for human platelets (Margalit

need for a detectable increase in fJa et al., 1993,b). In human platelets (Margalit et al.,
1993,b) as well as in Ehrlich cells (Thoroed et al., 1994)

it is thus suggested that cell swelling primarily activates
a cytosolic phospholipaseAresulting in an increased
release of arachidonic acid and an increased production
- of a 12-lipoxygenase product in platelets and a 5-lipoxy-
Correspondence td.K. Jgrgensen genase product in Ehrlich cellsgeHoffman & Dunham,
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1995). This suggestion is supported by findings in en-Materials and Methods

dothelial cells from human umbilical vein indicating that

mechanosensitivity in these cells could be mediated by

activation of PLA, and increased availability of arachi- CELL SUSPENSION

donic acid {Oike, Dropgmans & Nilius, 1994) as well as Ehrlich ascites tumor cells (hyperdiploid strain) were maintained and

by t_he StUd,y of large umlame”a,r vesicles in W,h'Ch 0S- harvested as described previoushgéHoffmann, Lambert & Simon-

motic swelling was found to activate phospholipasg A sen, 1986). The washed cells were suspended at 4% cytocrit in stan-

directly (Lehtonen & Kinnunen, 1995). dard medium, and incubated for about 30 min before the experiments.
LTD, reacts with specific G-protein-coupled recep- Loading of the cells with fura-2, BCECF or BAPT/Ade beloywas

tors in several cell types e.g., epithelial cells like aninitiated during this period. All experiments were conducted at 37°C.

. . . : . In experiments in which the cells were suspended in nitrate medium,
intestinal cell line (Sj@ander et al., 1990) and lung tissue Ca*-free medium, low C& medium, or medium with pH 8.3, an

(Watangbe et al., 1990) as well a$ human MONOCYUGygitional wash of cells in the experimental medium was performed
leukemia (THP-1) cells (Rochette, Nicholson & Metters, after 15 min preincubation.

1993) Gee Sjolander & Groroos, 1994 for review).

Cells stimulated with LT[) have been shown to respond

with a transient increase in the free intracellular’Ca INCUBATION MEDIA

concentration ([C&],) in several cell types as e.g., the _ , _

human THP-1 cells (Chan et al., 1994), the Ehrlich cells?) Standard medium (300 mOsm) contained (n)ml.50 N, 5K, 1

Mg?*, 1 C&*,150CI, 1SG, 1 HPG, 3.3 MOPS, 3.3 TES, 5 HEPES,
(SeeLambert' 1994)' HL-60 cells (BaUd' Goetzl & Koo, pH 7.4 B) NaNO, medium was prepared by substituting the"Nad

1987) and an intestine epithelial cell line (Bjoder et  the k* salts of NG for NaCl and KCI. €) low Na* medium (NMDG
al., 1990) éeeSjolander & Granroos, 1994 for review). medium, 2 nw Na*) was prepared by substituting 148mN-methyl-
It has been Suggested that LT Eceptors vwaG protein p-glucammonium for 148 m Na" (D) Ca*-free medium was prepared
could activate the phospholipase C signaling pathwaydsmg 2 mv EGTA as a C&"-buffer and omitting CaGl (E) Hypotonic

resulting in inositol(1,4,5)Pand C&" mobilization ee ~ Medium (150 mOsm) was prepared by a 1:1 dilution of the standard
medium with distilled water containing buffers in concentrations as in

Sjdlander & Graroos, 1994). the standard medium. The concentrations of‘Ca the hypotonic
Desensitization of the LTPreceptor after 1 min of  media were kept at 1 mor 0 mv using EGTA as a C4 buffer. F)
previous stimulation with LT was observed e.g., in Media with pH 8.3 were prepared by replacing MOPS, TES and
THP-1 cells (Chan et al., 1994), in HL-60 cells (Baud et HEPES with 5 nw TRICINE and 5 nw BICINE.

al., 1987) and after 7.5 min of pretreatment in rat baso-
philic leukemia cells (Winkler, Mong & Crooke, 1988).
This means that after stimulation with LT,Dor 1 and REAGENTS AND RADIOISOTOPES

7.5 min, respectively, it was not possible to provoke any reagents were of analytical grade and obtained from Sigma, unless

increase in_[C%-+]i by a second stimulation with LTD otherwise indicated. Fura-2-AM, Fura-2-P (pentapotassium salt),
According to Winkler et al. (1988) a second re- BCECF and BAPTA-AM were obtained from Molecular Probes (OR).

sponse was not detected even 60 min after the first stimuBumetanide was a gift from Leo Pharmaceuticals (Ballerup, Denmark).
lation. The desensitization was homologous, since preLonomycin,digitonin,valinomycin,gramicidin D, A23187, arachidonic
treatment with LTD had no effect on the in;:rease in acid, bradykinin, thrombin and polyHysine were obtained from

> ft. ] |t ith other & bilizi Sigma. LTD, was obtained from Cascade Biochem Ltd. (Berkshire,
[Ca +]i seen after stimulation with other Camobilizing UK). L649,923 was obtained from Merck Frosst Canada. Silicone oils

agonists (LTB, thrombin, ATP). AR20 and AR200 were from Wacker Chemie (Vienna, Austria). Che-
In the present report, we confirm preliminary results lerythrine was obtained from Alamone Labs (Jerusalem, Israel). Pimo-
by Lambert (1994) that LTD produces a transient in- Zzide was obtained from Jannsen Biochemiﬁd:inulin and®¢Cl| were
crease in[CA], in Ehlich cel. The major goals ofthis - ianed o mershan inenaterl pl Enand el v
St“dY are I() _to _EIUCIdate whether or not _the L_-I:‘D added fromalOQM7stock solution in ethanol. gradykinin W;S added
mffed'?tefd S?Svat'on of Kdand tcrtﬁhalr_]ggs (:Iis a (;j'_reCt from a 1 mu stock solution in distilled water. Thrombin was added
ertect o , Or seconaary to the Inaucea IN-  from a 1,000 I.U./ml stock solution in distilled water.
crease in [C&],, (i) to investigate whether the LTP
induced channel activation shows desensitization to
LTD, in similarity to the LTD,-induced C&"-signaling ~MEASUREMENTS OFCELL VOLUME
and (ii) to see whether the RVD response is inhibited
when the cells have been prestimulated with L,TD VO : b
Part of this investigation has previously been pub_scr!bed in Hoffmann et _al. (1983) or by electronic cell sizing as de-
. . ? . . . . scribed in Hoffmann, Simonsen & Lambert (1984) using a Coulter
lished at the Scandinavian Phys'0|09'cal Society meet'ng:ounter model ZB equipped with a Coulter channellyzer (C-1000) and
in Goteborg 1994 in an abstract form (Jgrgensen, Lamz cell suspension with a final cell density of approximately 90,000 cells
bert & Hoffmann, 1994). per ml, which is equivalent to a cytocrit of about 0.008%.

Cell volume was estimated as the water content (ml/g dry wt) as de-
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36CI~ EFFLUX, 8Rb" EFFLUX AND RATE CONSTANTS to remove extracellular fura-2 or BAPTA and once with the experi-
mental medium.

Ehrlich cells, equilibrated witf®Cl~ (1.7- 10* Bg/ml) in standard me-
dium for 30 to 40 min at cytocrit 0.8% (control cells) or 0.4% (for cells "
to be loaded with BAPTA), were packed by centrifugation, WashedI\/lEASUREME'\‘TS OF THEFREE INTRACELLULAR C&

once in standard medium, and then resuspended in the experimentONCENTRATION IN SNGLE CELLS

medium. The final experimental cytocrit was 4%. The cellGRgI™

activity was estimated by transferring 0.5 ml cell suspension to pre-Fluorescence was recorded with a Zeiss Axiovert 10 fluorescence mi-
weighed vials and separating the cells from the medium by centrifu-croscope equipped with a 40x/1.30 NA oil immersion achrostigmat
gation (20,000 >g, 60 sec) 50ul of the supernatants were diluted 10 (UV) objective. The fura-2 loaded cells were diluted to cytocrit 0.3%
times with 70% perchloric acid (7% final concentration) and saved forand placed in a thermostatically controlled (37°C) chamber (POC, Bio-
determination of extracellular activity. Excess supernatant was rePhysica Technologies), the coverslips were coated with paysine
moved by suction and the wet weight of the cell pellet was determined(25 mg/ml) in order to improve cell attachment. The cells were excited
by reweighing the samples. The packed cells were then lysed ip#00 by @ 75 W Xenon lamp using a K12 filter and a BPB 380/20 filter in
distilled water, deproteinized by addition of 50 70% perchloric acid  the excitation light path to protect the cells against infrared illumination
and centrifuged (20,000 g, 10 min). The supernatant was used for and to adjust the intensity of the excitation light. Dual excitation wave-
determination of cellulaf®CI™ activity and the perchloric acid precipi- lengths of 340 nm and 380 nm were obtained by BP 340/10 and BP
tate was dried (90°C, 48 h) and used for determination of the cell dry380/10 filters. Filters were placed in an automated filter wheel (LUDL
weight eeLambert, Hoffmann & Jergensen, 1989). Cellufi€l- Electronic Products) and selected by computer under control of the
activity (cpm/g cell dry weight) was corrected f§iCI™ activity trapped  digital image processing and quantitative fluorescence system (Image/
in the extracellular medium usingH-inulin as marker (Hoffmann, Fluor, Universal Imaging Corporation). A shutter was used to control
Simonsen & Sjgholm, 1979). Ehrlich cells, equilibrated wWiiRb" illumination. Emitted light was passed through a BSP 425 dichroic
(10* Bg/ml) in standard medium for 30 min at cytocrit 0.8% (control mirror and filtered by a BP 500-530 filter. The fluorescence was
cells) or 0.4% (cells to be loaded with BAPTA) were packed and washedViewed by an intensified CCD camera (CCD72 with a Genlisys inten-
in standard medium and then resuspended in the experimental solutiosifier from Date-MTI). The camera response was linear over the mea-
The final experimental cytocrit was 4%. THERD" efflux was fol- sured range of fluorescence intensities. The images were collected as
lowed with time by serially isolating cell-free efflux medium by cen- an average of 6 frames after 340 nm and 380 nm excitation, respec-
trifugation of 500l cell suspension through a silicone oil phase (300 tively and the ratio of the images obtained after 340 nm over the images
pl: 1 part 20 AR/L part AR 200). The extracellul&fRb" activity obtained after 380 nm excitation was calculated on a pixel-to-pixel
(cpm/ml medium) was estimated in 1Q0 of the supernatant and basis after background subtraction. Cells loaded with fura-2 displayed
converted to cpm/g dry wt by division with the dry weight (g/ml me- bright stable fluorescence, whereas unloaded cells possessed no detect-

dium). able autofluorescence at the camera and intensifier gain employed.
3H*, 35CI~ and ®°Rb* activity were measured in a liquid scintil- The cells were stimulated by (i) addition of 10 stock solution
lation spectrometer (Packard TRI-CARB 460C Liquid Scintillation (SeeReagents for concentrations) of the agonist directly to the cells
System) using ULTIMA GOLD™ (Packard) as scintillation fluid. using a pipette or by (i) addition of a large volume (typically 2 ml to
The rate constank for the unidirectionaP®CI~ efflux and®°Rb* the experimental chamber containing 2-ml cell suspension) of a solu-
efflux were calculated from the equations: tion containing the agonist or of a hypotonic medium.

The maximal change in the ratidR) was calculated by subtrac-
@ tion of the average ratio in the unstimulated cell from the maximal ratio
obtained after stimulation. The maximal change in{avas calcu-
lated by subtraction of the average fCain the unstimulated cell from
the maximal [C4']; measured after stimulation.

a=a.+ (a8 -a,) e"
a=a,+ (a. —ay) (1 -e™) (2

respectively where,, a, anda,, are the cellular activities (cpm/g cell
dry wt) at timet, at zero time and at isotope equilibrium, respectively
(seeHoffmann et al., 1979). The unidirectional flux of Gl,) and K*
(J¢) were calculated as the product of the rate constér(tsin™") and
the cellular Ct or K* content (umol/g cell dry wt), respectively.

MEASUREMENT OF THEFREE INTRACELLULAR C&*
CONCENTRATION IN CELL SUSPENSIONS

Cells loaded with fura-2 were resuspended at a cytocrit of 5% in the
medium used for the experiment. The fura-2 fluorescence measure-
ments were performed on 3 ml suspension with a 0.5% cytocrit ob-

Na and K- d ined b ic ab ion fl h tained by a second dilution of the cell suspension into the experimental
aan were determined by atomic absorption flame photometry o giym - Fluorometric measurements were performed in polystyrene

and CI was assessed by coulometric titration as described in Lamberf, .o (Elkay Ultra-VU) in a Perkin Elmer LS-5 Luminescence Spec-
et al., 1989. trometer using excitation wavelengths of 340 nm and 380 nm and

measuring the emission at 510 nm. The excitation and emission slit
widths were 5 nm. The temperature of the cuvette was thermostatically

MEeASUREMENTS oFNa", K* anD CI~ CONTENT

LOADING OF EHRLICH ASCITES TUMOR CELLS WITH controlled to 37°C and the cell suspension was continuously stirred by

FURA-2-AM AND BAPTA-AM use of a Teflon-coated magnet, driven by a motor attached to the
cuvette house.

Ehrlich cells (cytocrit 0.4%) were incubated withu21 fura-2-AM or At the beginning and at the end of the experiment a sample of the

50 um BAPTA-AM in standard medium with 0.2% (w/v) bovine serum cell suspension (same cytocrit as in the experiments) was centrifuged
albumin (BSA) for 20 min (fura-2 loading) or 35 min (BAPTA loading) and fluorescence of the extracellular medium was measured. These
at 37°C, washed once with fresh buffer containing 0.2% BSA in ordervalues were used for background correction. Background intensities
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800+ LTD trations, respectively (Grynkiewicz et al., 1985). The in vitro values
4 for Rpaxe Rmin @Nd S350/S,350 Were estimated at 9.1, 0.3 and 7.2, re-
l spectively. As described below, the excitation spectra obtained from
6001 the fura-2 loaded cells were identical to the spectra measured using
fura-2-P, indicating that in vitro calibration could be used.

(nM)

~ 4001
Cell Suspension Measurements

[Ca2+

2001 Runae Rmin @Nd Sz Shaso Were determined using 3 ml of calibration
solution (described above, except that the concentration of Fura-2-P
was 0.5uM) in a cuvette and the fluorescence intensity at the appro-
0 0 5'0 160 priate excitation wavelength was recorded as described above. The
values forR 4. Rnin aNd S350/ S,350 Were determined at 20.6, 0.8 and
Time (sec) 9.3, respectively. The free €aconcentration was calculated from the
corresponding ratio values as described abovssifogle cells.
Fig. 1. Stimulation with LTD, results in a transient increase in fCl. The average resting level of [E3; was in cell suspensions es-
Ehrlich cells, loaded with fura-2 as described in Materials and Meth-timated at 16 + 6 nv (n = 73) and in single cells at 59 + Bn(n =
ods, were suspended in standard incubation medium containing 1 m271) (standard medium, 1xnC&"*). The higher value found in cell
C&* and preincubated for 10-50 min. Final experimental cytocrit wassuspensions reflects the difference between the methods. In cell sus-
0.2%. [C&"]; was measured isingle cellsusing fluorescence micros-  pension measurements, the signal reflects the response from the total
copy. The [C&"]; values were calculated from the fluorescence signal cell population, including damaged cells and debris whereas in single
at 340 nm excitation divided by the fluorescence signal at 380 nmcell experiments only viable cells are recorded.
excitation (emission constantly measured at 510 nm) as described in  The excitation spectra of fura-2-P in calibration solutions with
Materials and Methods. The figure shows fJameasured in three  zero or saturating G4 concentrations were measured and compared to
individual cells as a function of time. LT[X(100 nv) was added (as a  excitation spectra measured on a fura-2 solution obtained from fura-2-
large volume seeMaterials and Methods) as indicated by the arrow. AM loaded cells. This fura-2 solution was prepared by treating the
The data are representative of seven experiments. fura-2-AM loaded cell suspension (in media with zero or saturating
Ca&* concentrations, respectively) with digitonin (0.5 mg/ml) followed
by centrifugation. The excitation spectra of the supernatant was then
were subtracted from the measured fluorescence intensities before caleasured. These spectra were similar to those obtained for fura-2-P
culation of the 340 nm/380 nm ratio. The autofluorescence from un-and thus indicated that in vitro calibration could be used.
loaded cells was negligible.
The maximal change in the ratidR) and the maximal change in

[Ca?"]; (A[C&*);) were calculated as described above. STATISTICAL EVALUATION
Values are given as the mearsgwm, with the number of experiments
MEASUREMENTS OFINTRACELLULAR pH (n) indicated in brackets. Studenttest was used to evaluate statistical
significance.

Intracellular pH was measured as described by Pedersen et al. (1996).

ABBREVIATIONS
IN VITRO CALIBRATION OF THE FURA-2

FLUORESCENCESIGNAL DMSO: dimethylsulfoxide; EGTA: ethylene-glycol-bigamino-

ethyl-ether)N,N,N,N’-tetraacetic acid; BSA: Bovine serum albumin;
Single Cell Experiments AM: acetoxymethyl ester; BAPTA: 1,2-bisfaminophenoxy)ethane-

N,N,N’,N’-tetraacetic acid; NMDG: N-methyl-glucammonium; TRI-
The fluorescence signal from 10 of calibration solution between two ~ CINE: N-tris(hydroxymethyl)methyl-glycine; BICINE: N,N-bis(2-
coverglasses was recorded. Calibration solutions consisted piv10 hydroxyethyl)-glycine; MOPS: 3-(N-morpholino) propane sulfonic
fura-2 pentapotassium salt (fura-2-P) inMjn 158 K', 158 CI, 1 acid; TES: N-tris-(hydroxymethyl)methyl-2-aminoethane sulfonic
Mg?*, 1 SG~, 1 HPG", 3.3 MOPS, 3.3 TES and 5 HEPES at pH 7.40 acid; HEPES: N-2-hydroxyethylpiperazineNethanesulfonic acid;
with a free C&* concentration adjusted to 0 or Imusing EGTA 6ee ~ LTD,: Leukotriene [, BCECF: 2,7'-bis-(2-carboxyethyl)-5-(and-6)-
incubation Media). The free Gaconcentration was calculated from ~carboxyfluorescein.
the measured ratio values according to the equation:

[Ca] = Ka* (R = Ryin)/(Rmax = R) * S380/Soas0 (3) Results

whereKj is the dissociation constant (224 rseeGrynkiewicz, Poenie

& Tsien, 1985) andR is the fluorescence ratio at 340 nm and 380 nm THE EFFECT o|:LTD4 ON THE FREE INTRACELLULAR
excitation. R, and Ry, are the equivalent fluorescence ratios of Cg£* CONCENTRATION

fura-2 at saturating Gaconcentrations, and in €afree medium (with

2 mm EGTA), respectively.Ssg0 and S, 350 are proportionality coeffi- . . . . .

cients, measured from the fluorescence intensity at 380 nm excitatiootimulation of Ehrlich ascites tumor cells with LT,D
using calibration solutions containing zero or saturating'@ancen-  results in a fast increase in [E% followed by a down-
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Table 1. Quantification of the increases in [€% and the acceleration of the rate of the RVD response after addition of, LTD

Standard medium Standard medium Hypotonic medium
1 mm Ca* Ca*-free, 2 nu EGTA Cat*-free, 2 nm EGTA
LTD, added A[Ca"); A[Ca?Y); RVD
nM nm nm A fl/min
100 290 + 31 (12) 80 + 19 (6) —
10 243 + 82 (6) 19+4(9) 392 +20 (3)
3 207 £ 81 (5) 5+2(7) 295+ 21 (8)
0 — — 140 + 12 (49

The fura-2 loaded Ehrlich cells were suspended in isotonic standard medium withClaffi or in Ce*-free standard medium with 2MmEGTA

and preincubated for 10-50 min. Measurements of?[[;avere obtained from aell suspensior(final experimental cytocrit 0.5%) using a
fluorescence spectrophotometee¢Materials and Methods). The change in the {Ga(A[Ca®*];) was calculated as described in Materials and
Methods. Measurements of cell volume were obtained from a cell suspension using a Coulter ceeMeartdrials and Methods). At zero time
the cells were exposed to hypotonicigseéFig. 2B). LTD, (3 nv or 10 nv) was added 1 min after the reduction in osmolarity. The rate of the
regulatory volume decreasaf{/min) was calculated as the volume recovery within the first min after addition of Ld$ng linear regression.

3 Addition of 3 v LTD, to cells suspended in hypotonic £&ree medium (1 m EGTA) also did not result in any detectable increase irf[a
(seeFig. 2A).

b Cells hypotonically diluted in C4 free medium show no detectable increase in[;dJargensen et al., 1996).

regulation towards the resting level of [€}. This is  stimulation with higher concentrations also result in a
seen in Fig. 1 which demonstrates the change irf{lza significant release of Ca from internal stores.

as a function of time in the presence of Mraxtracel-

lular C&* after addition of LT} (100 rv) as measured

in single cellsusing fluorescence microscopy and the THE EFFECT OFLTD, ON THE REGULATORY VOLUME
fluorescent probe fura-2. Similar data have been obDECREASERESPONSE

tained in preliminary experiments with LT,100 rv)

using asuspension of celland a fluorescence spectro- It has previously been shown that LT60 nv) accel-
photometer §eeLambert, 1994). As seen from Fig. 1, erates the RVD response in hypotonic*Caontaining
the cell population is heterogenous with respect to thenedia (Lambert et al., 1987; Lambert, 1989). The dose
response to LTRand some cells never respond. For thegiving half maximal stimulation was estimated &5 nv
responding cells the mean peak time &23 sec after (Lambert, 1989) and 4B nv (Lauritzen et al., 1993).
addition of LTD, (n = 25, isotonic standard medium, 1 The following experiments were performed to examine
mm Ca*). This type of heterogeneity is, however, also the effect of low LTD, concentrations in Cé-free me-
seen after stimulation with other agonists, e.g., thrombirdia. Figure 2 demonstrates that, in hypotonic €dree

or bradykinin ¢(lata not showhwhich are known to re- media, stimulation of fura-2 loaded Ehrlich cells with 3
sult in C&* mobilization via an increase in Ins(1,4,5)P nvm LTD, does not induce a significant increase in
(Simonsen et al., 1990). Table 1 shows the effect ofCa?*];, whereas addition of a higher concentration of
different concentrations of LTPon [C&™]; in cell sus- LTD, (100 nv) as indicated by the second arrow results
pensions.The data demonstrate that in Caontaining  in a transient increase in [€3;, thus indicating that the
media addition of 3-100nnLTD, results in increases in cells are able to respond with a change in{Gaafter
[C&®"];,, whereas in CH-free media (with 2 m EGTA)  LTD, stimulation also under hypoosmotic conditions.
3 nv LTD, can not provoke any measurable increase inFigure B demonstrates, that addition of #rL.TD, to
[Ca?"];, stimulation with 10 m LTD,, causes only small cells suspended in hypotonic €dree medium is still
increases in [CH],, and even at 100mLTD, the C&*  able to accelerate the RVD response significantly. Table
response is reduced as compared to the response&in Cal summarizes the effect of addition of 3 and MIiTD,,
containing media. Thus, a large part of the?Cae-  in C&'-free media on the rate of the RVD response and
sponse is caused by €anflux at low concentrations of the LTD, induced increase in [¢4; (measured in cell
LTD,. Maximal stimulation with LTL) at thesingle cell ~ suspensionssee above It is seen, as illustrated in Fig.
level using fluorescence microscopy (final LTBoncen- 2, that stimulation with 3m LTD,, although it does not
tration in the chamber iS00 mv) is found to increase result in any detectable increase in fJa accelerates
[Ca®"]; up to (D90 mv in the presence of 1 mCa&*  the RVD response significantly (P < 0.005). Thus, ac-
extracellularly and td580 nv in Cef*-free media. This celeration of the RVD response by LEBeems not to
indicates that the increase in [€} after stimulation require any measurable increase iniga The increase
with LTD, concentrations in the lower nanomolar rangein the rate of the RVD response after addition of 2 n
predominantly results from influx of G4, whereas LTD, is larger than after addition of 3nLTD,, and at
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200 + not result in any detectable increase in fa (see
100 nM LTD, Fig. 24).

150 4
3 nM LTD, EFFECT OF ALEUKOTRIENE RECEPTORANTAGONIST

100 - l A selective leukotriene receptor antagonist, L649,923
(Jones et al., 1986), was previously found to inhibit the
RVD response as well as the LT finduced acceleration
50 - of the RVD response (Lambert, 1989). Figure 3 is a
dose-response curve for the effect of L649,923 on the
Ca? " free medium LTD,-induced acceleration _of the_RVD response. It is
04— T T T T seen that Jum of L649,923 is sufficient to completely
o 1 2 3 4 block the effect of LTQ) (100 rv) addition. Figure A
and B shows the results of experiments performed to
investigate the effect of L649,923 on the LJHhduced
increase in [C&], (measured in cell suspensions). It is
seen that stimulation with 100MnLTD, results in a
significant transient increase in [€% and that the two
agonists bradykinin (1@uv) and thrombin (10 1.U./ml)
3nM LTD, still result in an increase in [G4; when added after
LTD, (Fig. 4A). However, the increase in [€%; in-
duced by LTD, is completely blocked by lum
Ca2* free medium L649,923, whereas the increases in {Gainduced by
800 —— bradykinin and thrombin, are unaffected by L649,923
01 2 3 45 (Fig. 4B). This demonstrates that the antagonist
Time (min) L649,923 specifically inhibits the LTRinduced in-
crease in [C&1];, indicating that LT[} exerts its effect on
[Ca?"]; via a specific leukotriene receptor. In addition to

[Ca®"]; (aM)

1600 1

1400 1

1200 1

Cell volume (1)

1000 4

Fig. 2. Effect of LTD, on [C&"]; and the regulatory volume decrease
in hypotonic C&*-free medium. A) Ehrlich cells were loaded with
fura-2 and preincubated for 15-30 min in%dree standard medium
(300 mOsm) containing 2 MEGTA and at time zero diluted to 50% —~ 3.5-
of the normal osmolality by addition of buffered water. fCja was 3 -
followed in thecell suspensionsing a fluorescence spectrophotometer
(cytocrit 0.5%). LTD, (3 nv or 100 ) was added as indicated by the =
arrows. It should be noted that calibration values obtained under iso-=
tonic in vitro conditions are used to convert the measured 340 nm/380% 2.51
nm ratio values into G4 concentrations. This might introduce a minor =

error in the estimation of exact values fCh as the decrease in vis- 21
cosity and ionic strength may influence the, For C&* binding to
fura-2 as well as the fluorescence signal (Grynkiewicz et al., 1985; Roe,c 1.51
Lemasters & Herman, 1990). The data are from a single experiment‘,g
representative of 6 experiments, with addition ofa8 ITD , in hypo-
tonic C&*-free medium. B) Ehrlich cells were preincubated at cytocrit
4% in C&*-free standard medium (300 mOsm) containingi2 BEGTA

for 15-30 min and at time zero diluted 400-fold with hypotonic (150
mOsm) C&*-free NaCl medium containing 2MmEGTA. Cell volume
(fl) was followed with time using a Coulter counter. The data demon- -
strate a control response (open symbols) and an experiment with adS
dition of LTD, (3 nm) at the time of maximal cell swelling as indicated
by the arrow (closed symbols). The data are from a representativ:
single experiment out of four experiments.

ue:

3-

e

kage

0.54 Control

0+ T T T T
0 250 500 750 1000

1-649,923 (nM)

itial rate of cell

T:ig. 3. Effect of the LTD,-receptor antagonist, L649,923, on the
LTD4induced acceleration of the RVD response. The cells were
treated as described in the legend to FiB, &xcept that the extracel-
lular C&* concentration was 0.5 m L649,923 (0—1000 m) was
the higher concentrations there is a small increase imdded at the time of hypotonic exposure and |, TDOO rv) was added
[Ca2+]i. It should be noted, that the &ameasurements 1 min after the reduction in osmolaritgdeFig. 28). The rate of the

in Table 1 are performed in isotonic medium. Hypotoni- regulatory volume decreas&f{/min) was calculated as the cell shrink-
cally diluted cells in C3*-free medium show no detect- 29¢ within the first min after addition of LTPusing linear regression.

. . . Control cells (open symbols) only received L649,923. Values are given
able increase in [Czé]' (Jﬂrgensen etal, 1996)' Stimu relative to the water loss in control cells without addition L649,923 and

lation ‘i‘”th 3 m LTD, when added to a cell suspension | 1p, The curve with control cells is the mean of two sets of experi-
in Caf -fl'e.e hYPOtonlc me_dlum, _|n agrt?ement With the ments, whereas the curve with LEDs the mean of three sets of
data obtained in CGa-free isotonic medium, also does experiments.
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!
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addition of either LTD) (100 rv, Fig. 5A) or ionomycin

(2 pM, Fig. 3B). The C&" release is in both cases inde-
pendent of the presence of the®@aalmodulin inhibitor
pimozide. The LTQ (100 nv) and the ionomycin (2
um)-induced increases in [€]; are in the presence of
pimozide (10um) 180 £ 71 m (n = 5) and 1131 + 485

nm (n = 5) and in the absence of pimozide 211 + 90 n
(n =5)and 374 9 m (n = 3), respectively. Figure 5
also demonstrates that whereas the ionomycin-induced
cell shrinkage is inhibited in the presence of pimozide
(the relative cell volume at the time of maximal shrink-
age is 0.78 £ 0.04) = 3in control cells and 0.94 + 0.02

n = 3 in the presence of pimozide) (FigDpthe LTD,-
induced cell shrinkage is almost unaffected by the pres-
ence of pimozide (the relative cell volume at the time of
maximal shrinkage is 0.82 + 0.0d4,= 3 in control cells

4501 and 0.89 + 0.01n = 3 in the presence of pimozide) (Fig.
5C). It should be mentioned that the biphasic volume
3001 response after addition of LTFig. 5C) reflects open-
. ing of K* and CTI channels followed by activation of the
150+ Na*,K*,2CI" cotransporter (Lambert, 1989) in analogy
B L 649923 with the response to bradykinin, thrombin and histamine
' (seeHoffmann et al., 1993). Thus, the effect of the’Ca
0o 2 4 6 8 ionophore-induced increase in [€4 on the K and CI
Time (min) channels involves a G&calmodulin regulated system,
> ; .
whereas the activation of the*kand CI' channels with
Fig. 4. Effect of the LTD,receptor antagonist, L649,923, on the LTD,4 predominantly does not. Since LTPesults in an
LTD,-induced increase in [&4,. The Ehrlich cells were suspended in increase in [C&]; it is likely that C&* activated K
standard medium containing 1MmCa* and preincubated for 10-50 channels contribute to the increase ifi permeability.
min. Measurements of [C§; were obtained frontell suspensions The fact that we see almost no difference with pimozide
(cytocrit 0.5%) using fura-2 and a fluorescence spectrophotometer. Th'f)robably reflects that the errmeability after addition

[C&a?"]; values were calculated from the 340 nm / 380 nm ratio values . L . .
as described in Materials and Method8) Ghows the increases in of LTD, is not rate Ilmltmg for the KCl loss, which is

[C&?, after stimulation with LTD) (100 nv), bradykinin (10um) and  thus more likely limited by the Clpermeability.

thrombin (10 U/ml) added as indicated by the arrov). ghows that The rate of the RVD response is not affected by
addition of L649,923 (1000m) abolishes the increase in [€% fol- pretreatment for 15 min with chelerythrine (), which
lowing stimulation with LTD, (100 mv), but has no effect on the s sufficient to significantly inhibit protein kinase C de-
bradykinin (10pm) and thro_mbin (10 U/ml) induced responses. The pendent mechanisms in Ehrlich cells (Pedersen et al.,
agonists were added as indicated by the arrows. The data are represe_[|996), neither in the presence nor in the absence of L TD

tative of 2 experiments with addition of LT[Y100 rm) followed by .
bradykinin (10pMm) and thrombin (10 U/ml) and 1 experiment in which (100 nv). The rate of the RVD response was estimated

thrombin (10 U/ml) was added after LLB100 nv) before addition of ~ @t 110 + 15 fl/min 6 = 3) and 98 + 2 fl/min § = 3) in
bradykinin (10pum). control cells with and without chelerythrine, respectively

_ _ ) _ ~and at 256 % 15 fl/minf = 3) and 269 + 91 fl/minif =
this, at 20um L649,923 we find a slight increase in 3y j L TD,-treated cells with and without chelerythrine,
[Ca™]; before stimulation with agonists. It is noted that respectively. Thus neither the RVD response nor chan-

almost completely inhibiteddata not showph Thus,  protein kinase C.

L649,923 seems to have some rather unspecific effects at
higher concentrations.

EFFecT oFBAPTA-LOADING ON RVD, K™ AND

THE LTD ,-INDUCED ACTIVATION OF K* AND CI™ -
Cl” FLuxes

CHANNELS IS INDEPENDENT OF THECONCOMITANT
[Ca?*] INCREASE AND INDEPENDENT OFPROTEIN

It has previously been demonstrated that the RVD re-
KINASE C

sponse in C&-free CI medium is as effective as in aTl
Figure 5 demonstrates the increase in{Qaneasured medium containing 1 m C&* (Hoffmann et al., 1984).
in a cell suspension (G&free media, 2 m EGTAwith ~ When the K,CI™ cotransporter is eliminated after sub-
preincubation in C&-containing standard medium) after stitution of NG; for all cellular and extracellular Clthe
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5001 LTD, 1500- lonomycin
A 1 B l
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= 10004
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Fig. 5. Effect of the C&*/calmodulin blocker pimozide on increases in fJaand cell shrinkage after addition of LT,zand ionomycin. A and

B): The cells were loaded with fura-2 as described in Materials and Methods and preincubatéttéor@aining standard medium for 10-50 min.
[Ca?*]; was measured with time on theell suspensiorin Ca*-free standard medium, 2 mEGTA (cytocrit 0.5%) using a fluorescence
spectrophotometer. Pimozide (1) was added 2 min before stimulation. LTPLOO nv, A) and ionomycin (2um, B) were added as indicated

by the arrows. The resting level of [€% of approximately 200 m is relatively high, but it should be noted that these cells have not been
preincubated in the G&free medium, and the resting level of [€h should thus be compared to the value estimated from cells suspended in
Ca*-containing standard medium Q& 6 v, n = 73). The calibration in the C&free medium could furthermore be slightly affected by the
relatively high level of background fluorescence at 380 nm if*@ae medium. The average resting level of f{gain C&*-free medium (2 m

EGTA) was estimated to 23 + 13un(n = 186) in single cell experiments, where the level of background fluorescence is lower. This can be
compared to a resting level 0B5 2 nv (n = 271) estimated in single cells in standard medium,\d @&* (seeTable 2). C andD): At time

zero the cells (cytocrit 4%) were diluted 400-fold with isotonic®Giee standard medium, 2MmEGTA containing pimozide (1@um, closed
symbols) and cell volume was followed with time using a Coulter counter. (DO rv, C) and ionomycin (2um, D) were added as indicated

by the arrows. Control cells (open symbols) received no pimozide. The relative cell volume as estimated at the time of maximal cell shrinkag
following addition of LTD, and ionomycin, was in thabsenceof pimozide estimated at 0.82 + 0.04 and 0.78 + 0.02 3), respectively, and

in the presenceof pimozide at 0.89 + 0.01 and 0.94 + 0.02 € 3), respectively.

rate of the RVD response was found to be reduced byhe Ehrlich cells in media at an extracellular pH laf
25% in C&*-free medium as compared to €a 8.3 after the cells have been loaded with BAPTA results
containing medium (Kramhgft et al., 1986; Jgrgensen ein an intracellular pH (pH value of 7.2, which is close
al., 1996). C&" depletion by pretreatment in €afree  to the pH value in control cells without BAPTA in iso-
media with EGTA and A23187, however, resulted in atonic medium at pg 7.4 (pH 7.25) (S.F. Pedersenn-
43% reduction in the rate of the RVD response (Hoff- published results; se€able 2;see alsdPedersen et al.,
mann et al., 1984). 1994). Jgrgensen et al. (1996), however, demonstrated
It has recently been demonstrated that buffering otthat BAPTA significantly inhibited the RVD response
[C&a?"]; in the Ehrlich cells, by loading with the €2  also when pHwas kept at the normal value (pH 7.2
chelator BAPTA, almost completely blocks the RVD re- at pH, 8.3). Thus, the inhibitory effect of BAPTA on the
sponse (Jgrgensen et al., 1996). Loading of the EhrlictRVD response is not caused by a reduction in.pH
cells with BAPTA also results in an intracellular acidi- To test the effect of BAPTA more directly on the
fication (S.F. Pedersennpublished results: s€Eable 2;  conductive CT efflux in hypotonic medium3éCI™ efflux
see alsdPedersen et al., 1994), which in itself inhibits the was measured)(in media where gluconate was substi-
RVD response (Hoffmann et al., 1984). Preincubation oftuted for CI" to avoid CI efflux via the anion exchanger
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Table 2. Effect of buffering of cellular C&" with BAPTA on resting [C4"];, pH;, cell volume and ion content in cells suspended in isotonic standard
medium (1 nm Ca*) and on the rate constant and efflux after cell swelling in hypotoniefi@e gluconate medium (150 mOsm).

Control cells BAPTA-treated cells pH
[C&"];, nm 59 + 2(271) 26 + 1(66) 7.4
pH? 7.25 7.00 7.4
7.35 7.22 8.3
Cell volume
fl 977 +19(18) 786 +22(12) 7.4
ml/g dry wt. 3.68+ 0.10 (4) 280+ 0.07 (4) 8.3
lon content,.mol/g cell dry wt.
Chloride 207 = 2(4) 40 * 3(4) 8.3
Potassium 769 + 6(4) 595 + 3(4) 8.3
Sodium 22 74 9 + 8(4) 8.3
Rate constant for efflux after hypotonic cell swellimgin*
Chloride (arachidonic acid sensitfje 0.34+ 0.06 (3) 0.14+ 0.773) 8.3
Potassium 0.43+ 0.08 (3) 0.13+ 09UB) 8.3
Efflux after hypotonic cell swellingpmol/g dry wt*mirr®
Chloride 70  +13(3) 5 % 7(3) 8.3
Potassium 330 *63(3) 74  +31(3) 8.3

Resting [C&"]; was determined isingle cells(seethe legend to Fig. 1). pHvas determined using the pH-sensitive fluorescent probe BCECF
(Pedersen et al., 1996). The cell volume at,pH and 8.3 was estimated by the Coulter counter technique and as the water content, respectively.
The cellular ion content was determined as described in Materials and Methods. The rate constangfibKCefflux after hypotonic cell swelling

in ClI™-free gluconate medium (150 mOsm) were determined from curves similar to Figs. 6 and 7, using Egs. (1) and (2), respectively. Th
corresponding Cland K" efflux were calculated as the product of the rate constants and the corresponding ion content.

2S.F. Pedersenynpublished results, sdeedersen et al., 1994.

b Not significantly different,P > 0.5.

¢ Significantly different,P < 0.04.

d Calculated as the difference between the rate constant measured in the presence (control cells: 0.18 + 0.01; BAPTA-treated cells: 0.38 + 0.1)
absence (control cells: 0.52 + 0.07; BAPTA-treated cells: 0.52 + 0.23) of arachidonic acigu{g00

(i) in the presence of bumetanide (3&) to avoid CI'  tration in the gluconate medium was too low to measure
efflux via the K*,CI~ and the NaK,2CI" cotransport sys- and the CI gradient and Clequilibrium potential there-
tems andi(i) in the presence of valinomycin (2im) to  fore impossible to determine.

clamp the membrane potential on th&-&quilibrium po- The passive K efflux from Ehrlich cells after cell
tential and to assure that the "Qdermeability was rate swelling in hypotonic medium is also inhibited by pre-
limiting. The swelling activated “mini Clchannel” has incubation with BAPTA, as seen in Fig. 7 and Table 2.
previously been shown to be blocked by arachidonic acidFigure 7 demonstrates tféRb" efflux after hypotonic
(Lambert, 1987, 1991; Lambert & Hoffmann, 1994). cell swelling, whereas Table 2 gives thé &ontent at the
Thus the arachidonic acid-sensitifRCI™ efflux is taken  time of hypotonic exposure, the rate constant fof K
as a measure of the Tefflux via the “mini-CI~ chan-  efflux as well as the initial unidirectional Kefflux in
nel.” Figure 6 demonstrates that the swelling activated,control cells and in BAPTA-treated cells in the presence
arachidonic acid-sensitivé®CI™ efflux in BAPTA-  of bumetanide (3@um). It is assumed thdt’Rb* can be
loaded cells is slower than in control cells. Table 2 givesregarded as a tracer for'K Unless the membrane po-
the CI' content at the time of hypotonic exposure, thetential is hyperpolarized in BAPTA-loaded cells, which
rate constant for the arachidonic acid-sensitiveeflux is highly unlikely, then the conductances in the BAPTA-
as well as the initial, arachidonic acid-sensitive unidirec-loaded cells in hypotonic medium is lower than the con-
tional CI" efflux in hypotonic medium in control cells ductance in hypotonic medium without BAPTA at pH
and in cells loaded with BAPTA. Itis clear that BAPTA 7.4 as well as at p58.3.

inhibits the swelling activated conductive Glux. The Addition of gramicidin in N&d-free hypotonic media
CI” conductance in hypotonic media at piA4 and pkl  has previously been demonstrated to accelerate the RVD
7.3 has previously been estimated ati#3/cnf (Lam-  response in Ehrlich cells (Hoffmann et al., 1986) in ac-
bert et al., 1989). However, the absolute” €bnduc- cordance with the notion that the"Kconductance is
tance and/or permeability was not estimated in the prelower than the Cl conductance in osmotically swollen
sent experiments because the extracellular @icen- cells (Lambert et al., 1989). Jgrgensen et al. (1996) de-
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80 0 gonm @ acid sensitive CI efflux with 93% and the swelling activated
s DBARTA K* efflux by 78% (pH, 8.3, Table 2). Since pHn the
> ® BAPTA + arachidonic acid BAPTA-loaded cells is 7.2 compared to 7.35 in control
© 601 cells (pH, 8.3) a slight pH effect on the swelling-
(o)} .
- activated transport systems cannot be excluded.
£
mo 401 +
= THE EFFeCT oF C&" BUFFERING ORINHIBITION OF
- C&"/CALMODULIN ON THE LTD, INDUCED
X 20- CELL SHRINKAGE
b=
[}
5 LTD, accelerates the rate of the RVD response at con-
Q 0 T . . 5 centrations= 3 nv (seeTable 1), and at concentrations
0 2 _ _ > 60 nv the acceleration is highly significant (Lambert et
Time (min) al., 1987). Figure 8 demonstrates that if f{QJais buff-

Fig. 6. Effect of buffering cellular C& with BAPTA on the swelling ered with BAPTA there is no acceleration of the RVD
activated®®Cl- efflux, Ehrlich cells were equilibrated withecl- in  'cSPONSe after addition of a high concentration of L,TD
standard NaCl medium, pH8.3. The cytocrit was 0.8% for control (100 rM)' It Shou_ld be noted tha_t addition of L_LDO
cells and 0.4% for cells to be loaded with BAPTA. At time zero the CONtrol cells 6 min after hypotonic exposure still accel-
cells were transferred to hypotonic (150 mOsm);-ftée gluconate  erates the RVD response significantly (Lambert, 1989)
medium containing bumetanide (30x) and valinomycin (2.4um). and that addition of gramicidin to BAPTA-loaded cells
The 3¢CI™ efflux was followed with time. The final experimental cy- can accelerate the RVD response (Jgrgensen et al_,
tocrit was 4%. Bumetanide was added to prev®ai~ efflux via the 1996) i.e.. the lack of effect of LTpin the BAPTA-
K*,ClI™-cotransporter and the N&*,2CI"-cotransporter, whereas val- Ioadea Celis is neither due to a reduced potency of L TD
inomycin was added in order to clamp the membrane potential at'the K . .
equilibrium potential*6CI~ efflux from control cells (circles) and from when added later than 1 min after the hypo_tomc exposure
BAPTA-loaded cells (squares) are shown as the loss in ceffiGiF nor due to lack of an outward KCI gradient. Further-
activity (cpm/g cell dry wt) in the presence (closed symbols) and in themore, addition of 100 m LTD, does not cause an iso-
absence (open symbols) of 2@ arachidonic acid. Arachidonic acid  tonic volume reduction of BAPTA-loaded cells (2 ex-
was added to inhibit the swelling-activated “mini-Ghannel.” The periments,data not ShOW)'I Since stimulation with 100
data are from a single representative experiment of four experimentsnM LTD, in Ca?*—containing medium results in &are-
lease as well as Gainflux an increased acidification in
monstrated that gramicidin is able to accelerate the RVD
response in low Namedium after loading of the cells

with BAPTA, indicating that the K permeability is still 'E‘ 6
rate limiting for the RVD response after BAPTA loading. =

It should be noted that loading Ehrlich cells for 35 ©
min with 50 wum BAPTA-AM reduces the cell volume at g’
pH, 7.4 from 977 + 19fl 6 = 18)to 786 £ 22 fl 6 = P 41
12) (estimated by the Coulter counter technique) and atg
pH, 8.3 from 3.68 + 0.1 ml/g dry wtr( = 4) t0 2.8 + o
0.07 ml/g dry wt o = 4) (estimated as the reduction in T 2
the water content) (Table 2). Furthermore, at /@8 it X
was estimated that BAPTA-AM reduced the @hnd the s
K" content from 207 + 2umol/g dry wt @ = 4) and 769 2
+6 pmol/g dry wt 0 = 4) to 40 + 3umol/gdrywt@ ¢ O

= 4) and 595 + 4umol/g dry wt (0 = 4), respectively, 0 ! .2 3 4 S
and increased the Na@ontent from 22 + fumol/g dry wt Time (min)

to 99 + 8 umol/g dry wt GeeTable 2). Thus, C&
buffering Wlth B.APTA results in net loss of KCl and cell activated®®Rb" efflux. Ehrlich cells were equilibrated with°Rb" in
water. This is likely to result from the fact that the low standard NaCl medium, ptB.3. The cytocrit was 0.8% for control

resting level of [Cé*]i in BAPTA-loaded cells $e€  celis and 0.4% for cells to be loaded with BAPTA. At time zero the
Table 2) stimulates the KCI™ cotransporter, i.e., KClnet cells were transferred to hypotonic (150 mOsm);-tée gluconate

Fig. 7. Effect of buffering cellular C&" with BAPTA on the swelling-

loss (Kramhzft etal., 1986) and inhibits theNﬁ+,2C|_ medium containing bumetanide (30v). The 3CI™ efflux was fol-
cotransporter, i.e., KCI reuptake (L. Jakobsenpub- lowed with time. The final experimental cytocrit was 4%. Bumetanide
lished results was added to prevefifRb* efflux via the K*,CI™ cotransporter and the

. . . . Na',K*,2CI" cotransporter®Rb" efflux from control cells (open
In summary, bUﬁermg [C%ﬂl in Ehrlich cells with circles) and from BAPTA-loaded cells (closed circles) are shown as the

BAPTA reduces the _KCl content, the cell V(_)lum_e- and_ it gain in extracellulaP®Rb* activity (cpm/mg dry wt). The data are from
reduces the swelling-activated, arachidonic acid-a single representative experiment of three experiments.
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1800-A bert, 1989; Lauritzen et al., 1993). The fact that RVD is
LTD,, 100 nM completely blocked by 1Qm pimozide éeeFig. 88 and
16001 Hoffmann et al., 1984) could thus reflect an inhibition by
pimozide of the LTL) synthesis rather than of the LD
induced channel opening. The specificity of pimozide
1400+ towards C&*/calmodulin is probably not high enough to
allow further conclusions on this point.
12001
DESENSITIZATION OF THELTD 4 RECEPTOR
~ 10001
: Ca®* buffered with BAPTA Desensitization of leukotriene receptors is observed in
E 800 T T T several cells and tissues (Chan et al., 1994; Winkler et
S al., 1988;seeLambert, 1994). Figure ® demonstrates
— 21007 that addition of LTD, (100 nv) results in an increase in
m B up,, 3nm .
o | | [C&a®"]; (measured on a cell suspension), whereas the sub-
1900 sequent additions (1.4 and 2.9 min after the first L,TD
addition) have no effect. Stimulation with another ago-
1700+ nist like bradykinin, however, still results in a significant
1500+
Bradykinin
1300+
600 - l
1100+
Ca?* Jcalmodulin-regulated LTD, LTD, LTD,
blocked with pimozid )
900 . systerr:s oc? wit pllm02| e 450 1 1 l
0 2 4 6 | S
Time (min) 300 1

Fig. 8. Effect of buffering cellular C&" with BAPTA or inhibition of ~ 150+
Ca’*/calmodulin on the LTQ-induced acceleration of the RVD re- %
sponse. The cells were treated as described in the legend toBsig. 2 A

except that the extracellular €aconcentration inA was 1 . - 0 T T v

—

BAPTA-loaded cells were treated as described in Materials and Meth;

ods. A shows the effect of LT (100 mv, closed symbols) added to ¢S 800 7 LTD, LTD,
BAPTA-loaded cells as indicated by the arroB/shows the effect of = l l
LTD, (3 nv, closed symbols) added as indicated by the arrow in the
presence of pimozide (1pm) (C&*-free medium, 2 m EGTA). 600 1
Pimozide was added at the time of hypotonic exposure to bloék/Ca
calmodulin-regulated systems. Control cells (open symbols) received

: . . 400 -
no LTD,. The data are from a single experiment, representative of a
total of three identical sets of experiments. el

200 1
B

the presence of BAPTA might be expected due to release
of protons in the chelation process similar to what is seen 00 2 4 5
with EGTA (Marks & Maxfield, 1991). We therefore
tried stimulation of BAPTA-loaded cells with 3nLTD ,
in Ca"-free medium (2 m EGTA), where the increase Fig. 9. Desensitization of the LTPreceptor, the effect of successive
in [Ca®"]; is smaller. This likewise did not cause any cell additions of LTD, on [C&"];. The cells were treated as described in the
shrinkage (2 experimentslata not showh Figure &8 legend to Table 1 and [€4, was followed in thecell suspensiofin
demonstrates that inhibition of &%calmodulin- standard medium (1 mCa"*) using fura-2 and a fluorescence spec-
regulated systems by addition to pimozide 010) on trophot_or_neter 4ee Materials and Mgth_ods)A LTD, (100 nv) and
the other hand does not prevent acceleration of the rate ﬁadykm'” (10pm) were added as indicated by the armosLTD,

h ft. dditi fal . 00 nv) was added as indicated by the arrows. The data are from two
the RVD response after addition of a low COIqcemrat'Onindividual experiments, representative of a total of five experiments,

of LTD, (3 nw). Similar results haV_e previously been where the LTQ was added with varying time intervals between the
demonstrated for higher concentrations of L,Tfam-  additions.

Time ( min)
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A LTD, min after the first addition, indicating that also the LFD
114 l induced KCI loss shows a desensitization. Figur® 10
LTD, compares the RVD response in 150 mOsm medium with
) . and without 7 min preincubation with LT(100 ).
It is seen that pretreatment with LT,Blearly inhibits the
. RVD response. In seven paired experiments it was esti-
mated that the rate of the RVD response in the hypotonic
medium (150 mOsm) was reduced to 46 * 7f06< 7)

0.97 * of the control value when the cells were preincubated
with 100 v LTD, for 5 to 8 min before the hypotonic
Isotonic medium exposure geelegend to Fig. 10). It has previously been
0.8 r T

demonstrated that the K™, 2CI™ cotransport system in
Ehrlich cells is activated after stimulation with the®a
B ionophore A23187 plus G4 (seeHoffmann et al., 1986)
Pretreated with LTD, or by C&* mobilizing agonists gee Hoffmann et al.,
1993), and that the activity of the K&*,2CI" cotrans-
port system declines during the 6—8 min following stimu-
lation, whereupon the activity reaches resting levels
(Jakobsen, Jensen & Hoffmann, 1994). Thus, some re-
sidual cotransport activity during the RVD measure-
Control ments could give a false impression of inhibition. How-
1.2 ever, if bumetanide (1@um) was included in the hypo-
tonic solution in order to avoid any influx via the
o - - medi Na",K*,2CI" cotransport system, preincubation with 100
0.9 Ly potomc mechum | nm LTD,, for 5 to 7 min before the hypotonic exposure
o 1 2 3 4 5 reduced the subsequent RVD response to 51 + 10% of
Time (min) the control valuer{ = 4). The experiments, therefore,
show that the swelling-induced activation of osmolyte
transporting systems seems to be inhibited when the
LTD, receptor is desensitized.

0 2 4 6
2.1

Cell volume ( relative scale )

1.8+

1.54

Fig. 10. Effect of desensitization of the LTDreceptor on the LT[
induced KClI loss and on the RVD respongeThe cells were prein-
cubated in isotonic standard medium for 10-50 min. At time zero the
cells (cytocrit 4%) were diluted 400-fold into isotonic standard medium
and cell volume was followed with time using a Coulter counter. LTD .
(100 nv) was added as indicated by the arrows. The data are from d2Iscussion

single experiment, representative of a total of three sets of experiments.

B The cell suspension, preincubated in isotonic standard medium for

10-50 min (250,000 cells/ml), was at time zero diluted with buffered INDEPENDENCE OF THELTD ,-INDUCED INCREASE IN

water (50 ml buffered water was added to 50 ml suspension, finaI[CaZ*]i AND THE LTD ,-INDUCED K* anD CI™

osmolarity 150 mOsm). Cell volume was followed with time using a CHANNEL ACTIVATION

Coulter counter. To desensitize the LJEeceptor, 100 m LTD, was

added to the cells 7 min before the hypotonic shock (closed symbols).

The rate of the regulatory volume decrease, calculated as the cell voiStimulation of Ehrlich cells with LTI results in a tran-
ume recovery between 1 min and 5 min after hypotonic exposure, wasient increase in [C4]; already after addition of LTRin
estimated at B+ 7 fl/min in control cells and at3+ 6 fl/min (n = 7) the m range. The rise in [éé]l has been measured in
in cells pre}reated for 5 to 8 min with 10rLTD,. In the presence of cell suspensions as well as in single cells (Fig. 1, Table
the Nd&, K*, Cl co‘transport |nh|b|tor‘ b_umetanlde (30v) the‘ rate of 1; Lambert, 1994). This is in agreement with findings in
water loss was estimated &t 4 7 fl/min in cells pretreated with LTD .

and 75 + 1 incontrol cells ¢ = 4). several other cell typessée Introduction). In the ab-

sence of extracellular Gathe response is strongly re-

increase in [C&].. This indicates that the receptor for duced éeeTable 1) indicating that part of the LTp
LTD, is desensitized. Experiments performed with 4.2induced increase in [C4; is caused by Cd influx.
min intervals between additions of LT0yave similar 1€ concentration of LT required for half maximal
results (Fig. 8). increase in [C?_;f]i ECsoin C& -containing media and in
Céa*-free media has recently been estimateddat 1 nv
and 19 + 3 m, respectively (Pedersen et al., 1995). The
EC, for LTD s-induced C&" influx was estimated at 6 +

2 nv (Pedersen et al., 1995). Removal of divalent cat-
ions has been demonstrated to lower the affinity of the
Figure 1\ demonstrates that the LT,Bnduced cell LTD,receptorfor LTD in human THP-1 cells (Rochette
shrinkage is absent after a second addition of LD etal., 1993), which could explain the increase ins5id

CaN THE K™ AND CI™ CHANNELS BE ACTIVATED BY
CELL SWELLING IN THE Periob WHERE THELTD,
RECEPTOR I1SDESENSITIZED?
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C&*-free medium. Alternatively, the higher Egin 7.3 (Jgrgensen et al., 1996). The swelling-induced acti-
Ca*-free medium could also reflect that a physiological vation of the CI and K" channels is inhibited in
transmembrane Gégradient is important for G-protein  BAPTA-loaded cells as seen from Table 2 and from the
function as demonstrated by Fan and coworkers (1995J°CI-efflux measurements (Fig. 6) and tfRRb" efflux
in their study of reconstitute@, and adenylate cyclase measurements (Fig. 7). The arachidonic acid-sensitive
from bovine brain. CI™ efflux during RVD is reduced from 7@.mol/g dry
At3nm LTD,, a significant response is seenatthm wt-min in control cells to 5umol/g dry wt- min after
external C&" whereas no detectable change in{gais  BAPTA loading GeeTable 2) and the Kefflux (mea-
seen in C&'-free media with 2 ma EGTA (Table 1; Fig.  sured a$®Rb" efflux) is reduced from 33@mol/g dry
2), in agreement with the results reported for THP-1 cellswt - min during control RVD to 74.mol/g dry wt- min
(Chan et al., 1994). Baud et al. (1987) have reportedafter BAPTA loading $§eeTable 2). These findings are
significant increases in [G4; after stimulation of HL-  taken to indicate that a certain level of [Ch is neces-
60 cells with even lower concentrations of LT[0.15  sary for activation of the channels, or alternatively that a
nm), in their study the increase in [€3; was dependent small localized (and undetectable) increase in’[Gas
upon influx of C&" from the medium. We have in normally taking place during RVD. Many of the en-
agreement with these results found a significant increasgymes involved in the synthesis of LT,0are C&* de-
in [Ca?"]; after stimulation of Ehrlich cells with 1 pendent ¢eee.g., Lambert, 1994). Thus, the inhibition
LTD, in C&*-containing medium (Pedersen et al., seen after BAPTA loading could be in the synthesis se-
1995), but we have not further investigated the effect ofquence for LTD) as well as in the activation of the chan-
lower LTD, concentrationshelow 1 nm). Despite the nels. The inhibition of the RVD response in BAPTA-
lack of a measurable increase in fCJa 3nv LTD, can, loaded cells cannot be lifted by addition of LTDFig.
however, still accelerate the RVD response in Ehrlich8A) and similarly no cell shrinkage is recorded either
cells in C&*-free media with 2 m EGTA (seeFig. 2B after addition of 100 m LTD, to BAPTA-loaded cells
and Table 1). This indicates that the channel activatiorsuspended in isotonic &acontaining medium or after
by LTD, is independent of any detectable increase inaddition of 3 m LTD, to BAPTA-loaded cells sus-
[C&a?"];, favoring the idea of a more direct activation of pended in C&-free medium (2 m EGTA). This sug-
the channels by LTR2 This is further supported by the gests that it is the actual activation of the channels by
finding that inhibition of protein kinase C has no effect LTD, which is impaired in the BAPTA-loaded cells.
on either the rate of the RVD response or the LTD Thus it cannot be excluded that the opening &faad
induced acceleration of the RVD responsedResults).  CI™ channels during the RVD response as well as after
An additional argument for the notion that the' lind  addition of low concentrations of LTfxould result from
CI~ channels activated by LTpare different from the a small localized undetectable increase ir?'Cdt is
channels activated by €his that the LTQ-induced ac- noted, however, that some rather unspecific effects of
tivation of the channels is not affected by the calmodulinBAPTA, not directly related to the chelation of €a
inhibitor pimozide (Fig. &), whereas the Ca-induced  have been observed. The BAPTA-loading or the form-
activation of K" and CI' channels is strongly inhibited aldehyde released from hydrolysis of the AM-ester
(Fig. 9D), consistent with previous findings (Hoffmann groups have been reported to cause a reduction of intra-
et al., 1986). Moreover, it has recently been demon<ellular ATP levels in rat parotid cells and human red
strated that the channels activated during RVD are incells, respectively (Tojyo & Matsumoto, 1990, Garcia-
sensitive to charybdotoxin whereas the®Gactivated ~ Sancho, 1985), and BAPTA-loading has been found to
K™ channels are blocked by charybdotoxin (Harbak &translocate and inhibit protein kinase C in macrophages
Simonsen, 1995; Jgrgensen et al., 1996). Similarly, théDieter, Fitzke & Duyster, 1993), to affect arachidonate
accelerating effect of LTPon the RVD response is also metabolism in endothelial cells (Boeynaems et al., 1993)
unaffected by pimozide (Fig. 8; Lambert, 1989; Laurit- and to antagonize binding of JRo its receptor (Rich-
zen et al., 1993). ardson & Taylor, 1993).

CouLD THE ACTIVATION OF THE K™ AND CI™ CHANNELS THE LEUKOTRIENE D, RECEPTOR
DurING RVD AND AFTER ADDITION OF Low

CONCENTRATIONS OFLTD,4 RESULT FROM AN The leukotriene receptor antagonist L649,923 inhibits
UNDETECTABLE LOCALIZED INCREASE IN[C&];? the LTD,-induced ion channel activation as well as the
LTD,-induced C&" transients. Figure 3 demonstrates
It has previously been demonstrated that Ehrlich cellghe dose-dependent inhibition by L649,923 of the L, 7D
can volume regulate in hypotonic media without anyinduced acceleration of the RVD response with a half
detectable increase in [€3; (seeJgrgensen et al., 1996). maximal effect around 250mL649,923, i.e., in the con-
Buffering [C&"]; by BAPTA, however, inhibits the RVD  centration range reported to inhibit the leukotriene recep-
response at pH7.4, pH 6.99 as well as at pt8.3, pH  tor (Jones et al., 1986). Figure 4 confirms that L649,923
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is specific for the LT receptor and does not affect volved in the swelling-induced activation of'kand Cr
phospholipase C or other steps in the inositol phosphatehannels. Itis, as a working hypothesis, tempting to sug-
signalling pathway, because the changes if{Cafter  gest that we are dealing either with new types of recep-
addition of the agonists bradykinin and thrombin are un-tor-gated ion channels, or with channels controlled via G
affected by the drug. These results indicate that althougbproteins activated by the LTDreceptor.

the mechanism of channel activation by LJBeems to

be different from the mechanism leading to changes inrhis work has been supported by the Danish Natural Science Research
[C&a?*]; both effects are likely to be mediated via a LD Council. Stine F. Pedersen is acknowledged for measurements of in-
receptor. The LTD receptor seems to be specific for tracellular pH. Dr. Lars Ol'e S_imonsen i.s thanked for critical reading of
LTD,, because LTR LTC, and LTE, all are unable to the‘ manuscript. Karen D}ssmg and Birgit Jargensen are thanked for
mimic the effect of LTD, on volume changes (Lambert, " expert technical assistance.
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