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Abstract. Stimulation of Ehrlich ascites tumor cells corded in the time range 0.27 to 0.30 min. Thus, the
with leukotriene ) (LTD,) within the concentration Ins(1,4,5)R content seems to increase before the LD
range 1-100m leads to a concentration-dependent, tran-induced C&" release from the intracellular stores but
sient increase in the intracellular, free <aoncentra-  after the LTD-induced C&" influx. Inhibition of phos-
tion, [C&"];. The C&" peak time, i.e., the time between pholipase C by preincubation with U73122 abolishes the
addition of LTD, and the highest measured fCrvalue, LTD induced increase in Ins(1,4,5)Rs well as the

is in the range 0.20 to 0.21 min in ten out of fourteenLTD -induced increase in [G4];, indicating that a
independent experiments. After addition of a saturatingJ73122-sensitive phospholipase C is involved in the
concentration of LTD (100 nv), the highest measured LTD -induced C&" mobilization in Ehrlich cells. The
increase in [C&T; in Ehrlich cells suspended in €a  LTD,-induced C&" influx is insensitive to vera-
containing medium is 260 + 14wnand the EG, value  pamil, gadolinium and SK&F 96365, suggesting that the
for LTD-induced C&" mobilization is estimated at 10 LTD -activated C&" channel in Ehrlich cells is neither
nv. Neither the peptido-leukotrienes LT@nd LTE,  voltage gated nor stretch activated and most probably not
nor LTB, are able to mimic or block the LTPinduced receptor operated. In conclusion, LTIacts in the
C&* mobilization, hence the receptor is specific for Ehrlich cells via a specific receptor for LT,Dwhich
LTD,. Removal of C&" from the experimental buffer upon stimulation initiates an influx of 4 through yet
significantly reduces the size of the Lfinduced in-  unidentified C&" channels, and an activation of a
crease in [C&],. Furthermore, depletion of the intracel- U73122-sensitive phospholipase C, Ins(1,4,3#ma-
lular Ins(1,4,5)R-sensitive C&" stores by addition of the tion and finally release of G4 from the intracellular
ER-C&*-ATPase inhibitor thapsigargin also reduces thelns(1,4,5)R-sensitive stores.

size of the LTD-induced increase in [G4; in Ehrlich

cells suspended in €&containing medium, and com- Key words: Leukotriene [ receptor — Phospholipase
pletely abolishes the LTRinduced increase in [G4; in C — Ins(1,4,5)B — C&* mobilization — Thapsigargin
Ehrlich cells suspended in €afree medium containing __ j73122
EGTA. Thus, the LTQ-induced increase in [G4; in
Ehrlich cells involves an influx of Cd from the extra-
cellular compartment as well as a release of ‘Geom Introduction
intracellular Ins(1,4,5)Rsensitive stores. The Eapeak
times for the LTD-induced C&" influx and for the  The leukotrienes LTR LTC,, LTD, and LTE, are syn-
LTD-induced C&" release are recorded in the time thesized in mammalian cells from the polyunsaturated
range 0.20 to 0.21 min in four out of five experiments fatty acid arachidonic acicséeSamuelsson et al., 1987;
and in the time range 0.34 to 0.35 min in six out of eightHoltzman, 1992) and they are biologically very potent
experiments, respectively. Stimulation with LJ@Iso  substances. LTBstimulates chemokinesis and chemo-
induces a transient increase in Ins(1,45)Bneration in  taxis of neutrophils, eosinophils, as well as neutrophil
the Ehrlich cells, and the Ins(1,4,%)Peak time is re- adherence, aggregation and lysosomal degradation,
whereas the peptidoleukotrienes LICTD, and LTE,
are known to produce broncho- and vasoconstriction, in-
S duce edema, increase the vascular permeability and en:
Correspondence tdS. Pedersen hance mucus secretion in the lunge¢Nicosia & Pa-
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trono, 1989; Brain & Williams, 1990; Serhan, 1991; A part of this investigation has been presented in an
Hay, Torphy & Undem, 1995). abstract form at the Scandinavian Physiological Society
LTD, is believed to be the most potent of the pep-meeting in Copenhagen 1995 (Pedersen et al., 1995).
tidoleukotrienes, and it is generally agreed that the
LTD, -induced intracellular signaling involves an in-
crease in the intracellular, free €aconcentration Materials and Methods
([C&a?";) (seeCrooke et al., 1989; Sjander & Graroos,
1994). In Ehrlich ascites tumor cells LT,0s shown to
induce cell shrinkage and KCI loss apparently from anCeLL SUSPENSION
increase in K and CI' permeabilities (Lambert et al.,
1987; Lambert 1987; Lambert, 1989) and to induce agnriich ascites tumor cells (hyperdiploid strain) were maintained in
transient increase in [€§; (Jgrgensen, Lambert & Hoff-  NMRI mice (25-30 g) by weekly intraperitoneal transplantation. One
mann, 1996seeLambert, 1994, and Hoffmann & Dun- week after transplantation the mice were sacrificed and the cells har-
ham, 1995)_ In addition, LTDiS found to increase the Vested in standard incubation medium as described by Hoffm_ann et gl.
taurine leak permeability in Ehrlich cells (Lambert & (1986). Subse_quently, t_he cells were re;uspended atacytol_<r|t0f4% in
Hoffmann, 1993). Since LTPalso is an important sec- stapdard medlu_m an_d |ncu_bated 3Q min before commencing the ex-
! . . . " periments. During this period, loading of the cells with fura-2 was
ond messenger during cell volume regulation in EhrIIChinitiated (see beloyx When using C&-free medium, the loaded cells
cells seeLambert, 1994; Hoffmann & Dunham, 1995), were washed additionally prior to the experiment and incubated for
the present investigation was initiated in order to gainanother 10 to 50 min. The experiments were all executed at 37°C.
further information of LTD signaling properties and the
LTD, receptor in these cells.
The LTD,-induced increase in [G4; seems in sev- INCUBATION MEDIA
eral cell types to involve an influx of G4 from the
extracellular compartment as well as a release df'Ca Standard incubation medium (300 mOsm) was composed as follows (in
from internal stores (Saussy et al., 1989; Chan et al.;m): 150 N&, 5 K*, 1 Mg**, 1 C&", 150 CI', 1 SG", 1 PG}, 3.3
1994; Jgrgensen et e(tl., 199)(/5). The?Cmobilizing ef-  MOPS, 3.3 TES, 5 HEPES, pH 7.4. In low Tanedium, the [C&]
fect of LTD, is thought to be mediated via interaction of "as reduced to 0.1 mn In C&"-free medium, addition of Ca was
LTD, with a specific receptor (Sarau et al., 1987), Whichom'tteOI and 2 m EGTA was added.
seems to be coupled to at least two types of G-proteins
(Crooke et al., 1989; Slander et al., 1990). One of
these G-proteins is presumed to activate phospholipase
(PLC) resulting in an increased Ins(1,4,5)®rmation _ _ _ _ ,
and subsequently @4 release, whereas the other G- The chem|c_a|s, all analytical grade_, Wgre_obtamed from Sigma Chemi-
o " . . . cal (St. Louis, MO) unless otherwise indicated. Fura-2-AM was pur-
protein is sensitive to pertussis toxin and believed t0 b&paseq from Molecular Probes (Eugene, OR). Leukotriepdg C,
involved in activation of the Cd influx pathway (Sau-  and E, were obtained from Cascade Biochem Ltd. (Berkshire, UK).
ssy et al., 1989; Sjander et al., 1990). U73122, U73343, and SK&F 96365 were from Biomol Research Lab
In the present study, we characterize the nature ofPA). Thapsigargin was from Alamone Labs (Jerusalem, Israel). Ve-
the LTD,-induced C&" mobilization in Ehrlich ascites gapam”, was purchased from Research Biochemicals (MA). [2-
tumor cells. We have followed the LTEnduced in- H]myainositol (code TRK 911) was obtained from Amersham Inter-

f " ational (Buckinghamshire, UK). Ultima Gold was from Packard
crease in [C&1], in the presence and absence of externaFDOWnes Grove, IL).

C&", after depletion of the intracellular Ins(1,4,3)P Fura-2-AM was preparedsa 1 nu stock solution in dry DMSO.

sensitive C&" stores with thapsigargin, and after inhibi- The leukotrienes (10.m) and thapsigargin (1 mr) were dissolved in

tion of (i) nonselective stretch-activated cation (SA-cat)96% ethanol and stored under nitrogen. Bradykinin 2)nthrombin

channels, which has previously been demonstrated to b@000 IU/ml), gadolinium (1Gum) and verapamil (10 m) were kept as

present in Ehrlich cells (Christensen & Hoffmann, 1992),adueous stock solutions. All these reagents were stored at '(—20°C)
. o Ll in chloroform, were evaporated and resuspended in 96% ethanol prior

aCtlvaFed Ca (ROC) Ch?‘nnels', The data_mdlcate' that to the experiment. SK&F 96365 (10niwas prepared as an aqueous

LTD,-induced C&" mobilization in the Ehrlich cells de-  soution.

mands PLC activity and involves both an influx of Ca

as well as an Ins(1,4,5)Anediated release of €afrom

intracellular stores. The peak in [E& due to the in-  EsTiMATION OF [C&?"]; UsING FURA-2

creased C# influx appears to occur before the peak

in [Cazji due to release of G4 from the intracel- Loading of Ehrlich cells with fura-2-AM, measurement of fCaand

lular stores and before the maximal increase in theaiibration of the fluorescence signal was conducted as described by

Ins(1,4,5)R content. Jorgensen et al. (1996). Briefly, we proceeded as follows:

E{EAGENTS AND STOCK SOLUTIONS
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Loading of Cells with Fura-2-AM Extraction of inositolphosphates

This procedure is essentially as described by N.K. Jgrgensen et al.
Cell suspensions (cytocrit 0.4%) were incubated wifnefura-2-AM  (supmitteq, briefly: 0.5 ml samples of the cell suspension were trans-
(standard medium, 0.2% BSA) for 20 min at 37°C. The cells wereferred to Microfuge tubes containing 0.5 ml ice cold PCA (10%) with
washed twice and finally resuspended in the experimental buffer to & 204 Triton X-100. The samples were subsequently kept on ice for 20
cytocrit of 5%. When viewed in a fluorescence microscope, Ehrlich pin. During this period, frequent mixing of the samples took place.
cells loaded with fura-2 demonstrated a bright, uniformly distributed T tupes were centrifuged (15.00Qyx5 min, 4°C), whereupon 800
fluorescence. ul of the PCA extract was transferred to Microfuge tubes containing
200 pl 10 mv EDTA. The mixture was neutralized with 600 of
(2:1, viv) tri-n-octylamine/Freon, as described by Sharpes and McCarl
(1982). 800wl portions of the upper phase were stored in Microfuge
tubes at —80°C for subsequent separation of inositolphosphates using
The fura-2 loaded cells were diluted to a cytocrit of 0.5% in the cuvette,ine HPLC technique. Samples of the media were treated as the cell
and the subsequent fluorescence measurements were conducted i@y ples for analyzing the content of inositolphosphates in the medium.
Perkin Elmer LS-5 Luminescence Spectrometer by continuously shift-rp,o Ins(L,4,5)B content in the media amounts to 40% of the total
ing the excitation wavelengths between 340 nm and 380 nm undefns(1,4,5)R content in the cell suspension. The cellular content of

Measurements of [C4]; in Cell Suspensions

computer control, and collecting emission light at 510 nm. Ins(1,4,5)R was calculated as described by N.K. Jargensen eBab-(
mitted).
Calculation of the Intracellular, Free Chromatographic Separation of Inositolphosphates

Ca’* Concentration
The inositol phosphates were separated by high-performance liquid

. ) o o chromatography (HPLC) using a modified method of Dean and Beaven
The fluorescence S|gn_al was callbrgted ibyvitro calibration. The (1989). We used an anion exchange column (Partisil 5 SAX, RACII,
mtraceIIL_JIar concentration of fr_ee caImurr_L [&h, was calcu_lated from 100 x 4.6 mm from Whatman, New Jersey) equipped with a guard
the obtained fluorescence ratios according to the equation: column. The column was equilibrated with 0.2 ammoniumdihy-
drogenphosphate buffer, pH 3.8, and eluated with increasing concen-
[Ca®]; = Kg % (R~ R (Rnax ~ R) X Siagd/Shaso trations of the same buffer. The gradient break points given as run time
(min) over concentration of eluating buffem), were 0/0.01, 5/0.01,
where K, is the dissociation constant (2241nGrynkiewicz et al.,  10/0.25, 13/0.28, 15/0.47, 28/0.53, 33/1.4, 45/1.4, 49/0.1. The gradient
1985),R is the fluorescence ratio obtained upon excitation at 340 nmwas tested with adenosine phosphate markers 2-3 times each day by
and 380 nm, respectively, aiRy},;, andR,..are the fluorescence ratios following elution of the markers by their absorption at 254 nm. This
of fura-2 measured in calibration buffers containing either saturatinggradient separated especially the isomers of inositol triphosphate which
Ca" or zero C&" (2 mvm EGTA). Saq and Ssg0 are proportionality  eluted after adenosine triphosphate. The effluent was collected and
coefficients determined by measuring the fluorescence intensity uporgounted in a Liquid Scintillation Counter (Packard).
excitation at 380 nm using calibration buffers containing zero or satu-
rating C&", respectively (Grynkiewicz et al., 1985). ABBREVIATIONS

The values forR"]i"' Rinax @nd 3380/89380 were estimateq at_0.8, DMSO: dimethylsulfoxide; EGTA: ethylene-glycol-bis-amino-ethyl-
20.6 and 9.3, respecnvelyz for_ the experiments pre_sented in Figs. 1, 2ether)N,N,N,N’-tetraacetic acid; EDTA: ethylenediaminetetraacetic
3. For the data presented in Figs. 4 and 6 another light source was usegcid. BSA: Bovine serum albumin; PCA: perchloric acid; AM: ace-
and the calibration _Va'FJeS thus estimated at ,1'36’ 111,'4 and 31.2, "foxymethyl ester; MOPS: 3-(N-morpholino)propanesulfonic acid; TES:
spectively. The excitation spectra of fura-2-P in saturating or zef6 Ca N-tris-(hydroxymethyl)methyl-2-aminoethane sulfonic acid. HEPES:
calibration buffers were compared to those of “cellular” fura-2, ob- N-2-hydroxyethylpiperazine-N2-ethanesulfonic acid; LTB LTC

. . . - . 1 41
talneq by I_ysmg fura—2—AM_Ioaded cells with digitonin (50g/ml), LTD, and LTE, Leukotriene G, D, and E; PLC: phospholipase C;
centrifugating, and measuring on the supernatant. The spectra Werl‘?\s(l,4,5)|g: inositol-1,4,5-trisphosphate; DAG: diacylglycerol;
found to be similar and thus indicating thiatvitro calibration could be  ;73795. 1-(6-((1B-3-methoxyestra-1,3,5(10)-triene-17-yl)amino)
applied. hexyl)-2,5-pyrrolidine-dione; U73343: 1-(6-(B73-Methoxyestra-

1,3,5(10)-trien-17-yl)xamino)hexyl)-2,5-Pyrrolidine-Dione; SK&F
96365: 1-B-[3-(4-methoxyphenyl)propoxy]-4-methoxyphenethyl]-1H-
ESTIMATION OF THE CELLULAR CONTENT imidazole: HCI.
OF INOSITOLPHOSPHATES
STATISTICAL EVALUATION

Cell suspensions The values are presented as the measem, with the number of
independent experiments indicated. Statistical significance was evalu-
ated with a Student’stest, and & < 0.05 was accepted as statistically

Six days after intraperitoneal transplantation of Ehrlich cells, the pro- . ="
significant.

liferating cells were exposed to 3Q0Ci of [2-*H]myocinositol using
abdominal wall puncture. 18 hrs later, the cells were harvested in IOWResuItS

Ca* medium, sedimented, and subsequently washed twice in IGiv Ca

medium enriched with 1% BSA (fraction V; dialyzed against water). LTD ,-INDUCED Ca&t MOBILIZATION

The cells were then resuspended at a cytocrit of 5% in standard medium

containing 1% BSA and incubated 20 min before initiation of the Figure 1 demonstrates that neither LT@), nor LTC,
experiment. (B) or LTE, (C) are able to mobilize C4 or to prevent
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Table. Characteristics of the LTRinduced C&" mobilization

LTD -induced increase in [G§)

Total Release from Influx
internal stores

100 v LTD, 260 + 14 m (4) 97+9m (4) 114 +15m (3)?
200 v LTD, 247 + 34 m (4) 104 +7 m (6)
Maximal value
(fitted) 271 (4) 115m (4) 159 v (4)°
ECs, 10 v (4) 19 v (4) 6 nv (4)°
Sensitive to u73122 u73122
Thapsigargin
Insensitive to Verapamil
Gadolinium
SK&F 96365

Cells were treated as described in the legend to Fig. 1. U73122.¢0)0 thapsigargin (2um),
verapamil (30pm), gadolinium (10um) and SK&F 96365 (20um) were added to block PLC,
ER-C&"-ATPases, voltage-gated €aVOC) channels, nonselective stretch activated cation (SA-
cat) channels permeable to £aand receptor operated €a(ROC) channels, respectively. The
number of experiments is indicated in brackeWaximal valueis the maximal LTD-inducible
increase in [C&T];, A[C&"]; max €Stimated from the concentration-response curves in Bgir2
which the data were fitted to the Michaelis-Menten equatiti€a®]; = (A[Ca®"]; max + [LTD])/
(ECso + [LTD,]), where A[Ca®*]; max is the maximal LTD-inducible increase in [C4];, [LTD ] is
the LTD, concentration and Eg is the [LTD,] needed in order to obtain ha¥[Ca®*]; max

aThe size of the [CH], peak induced by addition of 100rLTD, to thapsigargin-treated cellsde
Fig. 3B).

b Estimated as the difference between the maximal values for the Totaj-IdfiDced increase in
[C&"); and the LTD-induced C3" Release.

¢ The EG,, for the LTD,-induced C&" influx was estimated from the €alnflux curve in Fig. B.

the LTD,-induced increase in [G4; in Ehrlich cells. compartment as well as a release of Ciom intracel-
Thus, the LTD-induced mobilization of C& is not lular stores. From Fig. R is seen, that the size of the
mimicked or blocked by other leukotrienes, in agreementTD ,-induced [C4"]; peak (peak size) in Ehrlich cells
with previous findings that the LTRinduced effect on suspended in standard medium containing & @&*
the cell volume could not be mimicked by other leukot- (Total), as well as in Ehrlich cells suspended irfG&ee
rienes e.g., LTB, LTC, and LTE, (Lambert, Hoffmann medium containing 2 m EGTA (Releas§ is concen-
& Christenen, 1987). That LTP mobilizes C&" in tration-dependent within the LTPconcentration range
Ehrlich cells, as previously demonstrated (Jgrgensen &—100 m. Stimulation with a LTD concentration larger
al.,, 1996 seeLambert, 1994, and Hoffmann & Dun- than 100 m does not produce any further increase in the
ham, 1995), is confirmed in Figs. 1 and2vhere itis  [Ca?*]; peak size (Fig. B). Fitting the data in Fig. B to
seen that addition of 50-10&rLTD, to cells suspended the Michaelis-Menten expression, the maximal size of
in standard medium (1 m C&") induces a transient the LTD,-induced increase in [¢4]; and the LT con-
increase in [C&T; followed by a late sustained phase of centration needed to induce half the maximal value
elevated [C&",. [Ca&®*]; was in four separate experi- (ECso) have been estimated at 271 mnd 10 m, re-
ments estimated at 120 + 14iefore stimulation and at  spectively, in Ehrlich cells suspended in‘Gaontaining
166 + 10 m during the late sustained elevated phase. standard medium, and at 11& and 19 m, respectively,
Figure 2A demonstrates, in congruence with the pre-in Ehrlich cells suspended in €afree medium (Table).
vious findings (Jgrgensen et al., 1996), that addition ofFrom the Table it is also seen that maximaFCaobi-
100 v LTD,, also leads to a transient increase infQa  lization is obtained at ca. 100uLTD,. To estimate the
when the Ehrlich cells are suspended i"Gliee me- maximal [C&"]; value and the Eg; value for the LTD-
dium containing 2 m EGTA. However, the size of the inducedinflux of Ca&*, we subtracted the fitted curve for
LTD -induced peak in [CH]; is reduced from ca. 270 the total LTD,-induced increase in [¢4]; from the fitted
nv to ca. 115 m (seethe Table) and no late sustained curve for the LTD-induced C4' release, whereafter the
phase of elevated [€§; is observed in the absence of resulting data were fitted to the Michaelis-Menten ex-
extracellular C&". Thus, the LTD-induced C&" mobi-  pression $eeFig. 2B, broken line). The maximal [C4];
lization involves an influx of C& from the extracellular value and the Eg; value were in this case estimated at
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Fig. 2. The effect of external Ca on the LTD,-induced increase in
[C&"];, and the concentration-response relationship for the J-TD
200 induced increase in [G4];. Ehrlich cells were loaded with fura-2,
incubated for 10 to 50 min in either €acontaining (1 rm C&*) or
100 Céa*-free (2 mv EGTA) medium, and [C&], was subsequently esti-
mated as described in the legend to Fig.A).Cells loaded with fura-2
were suspended in either €econtaining medium (1 m; closed sym-
0 T T T T ! bols) or C&*-free medium (2 mu EGTA; open symbols) and 1004n
0] 1 2 3 4 5 LTD, was added as indicated by the arro) The [C&"]; peak size,
i.e., the maximal [C&]; value detected after addition of LT,pwas
Time (min) estimated following addition of LTRin the concentration range 1

nm—200 . Total (closed symbols) is the [€¥; peak size estimated
Fig. 1. The effect of LTB, LTC,, LTD, and LTE, on [C&"],. Ehrlich in cells st_Jspended in stand_ard m(_-:-dium (_ﬂa 1aa). Release(open
cells were loaded with fura-2 as described in Materials and MethodsSYMPols) is the [CH]; peak size estimated in cells suspended ifi*Ca
and the cells were incubated in standard medium containing Ce* ~ é& medium (2 m EGTA). The curves (continuous lines) were ob-
for 10 to 50 min prior to initiation of the experiment. The experimental t@ined by fitting the data to the Michaelis-Menten equatibrflux
cytocrit was 0.5%. [C&]; was calculated from the ratio of the fluo- (broken line) was calculated a§ the dlfference_ between the “total” and
rescence intensities following excitation at 340 nm and 380 nm, re-Fhe “release” curves. Data points represent in each case four-to-eight
spectively, and the emission light was collected at 510 i.The ~ independent experiments. Similar results with 180LTD,, have pre-
cells were stimulated with 100mLTB,, and 50 m LTD,,. (B) The cells ~ Viously been reported in twelve experiments in“Geontaining me-
were stimulated with 100m LTC, and 100 m LTD,. (B) The cells dium and in six expenmt_ents in éafree medium (Jnargensen et al,,
were stimulated with 100m LTE, and 100 m LTD,,. The data pre- 1996). The LTD receptor in the Ehrlich cells was previously shown to

sented in Panel&, BandC are representative of three independent setsP€ desensitized (Jergensen et al., 1996) and in some recent experiment
of experiments. no detectable increase in [€) was seen after addition of 10M.TD,,.
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400 111 + 15 m within 1 min in Ehrlich cells suspended in
A ) ) standard medium (1 m C&"). Depletion of the intra-
Thapsigargin LTD, cellular C&* stores is known to activate €achannels in
300 + the plasma membrane, leading to an inwardly directed
C&" current (crac S€€Clapham, 1995). The sustained
elevated [C&T]; seen in Fig. B could, therefore, reflect
200 7 the presence of depletion operated G@OC) channels
in Ehrlich cells.
100 J From Fig. Aitis also seen that 100LTD, has no
< effect on [C&"); in thapsigargin-treated Ehrlich cells sus-
E -, pended in C&-free medium, indicating that LTDin
=0 L Ca —free Ehrlich cells mobilizes C& from the intracellular
b 500 Ins(1,4,5)R-sensitive C&" stores. On the other hand,
3 B from Fig. 3B it is seen, that 100 LTD, induces a
= LD, transient increase in [G4; in thapsigargin-treated
400 qThapsigargin Ehrlich cells when these are suspended in standard me-
l dium containing 1 m Cé&"*. Thus, the LTR-induced
300 - increase in [C&7;, seen in thapsigargin-treated Ehrlich

cells suspended in G&containing medium, can be
200 J taken to represent the influx of €afrom the extracel-
lular compartment. The peak level for the LJHihduced
Ca&* influx in the thapsigargin treated Ehrlich cells, es-

100 7 timated as the [Cd]; peak size following addition of a
1mM ca?* saturating portion of LT[R (100 nv), has been estimated
0 — T T T T T at 114 + 15 m (Table). This peak level, as estimated in
c 1 2 3 4 5 6 7 thapsigargin-treated Ehrlich cells, is somewhat lower
Time (min) than the peak level, estimated indirectly as the difference

between the LTR-induced increase in [G¥]; in cells
Fig. 3. LTDinduced increase in [C¥]; following depletion of the suspended in @é—containing medium and the LTP
intracellular Ins(1,4,5)Rsensitive C&" stores with thapsigargin. induced increase in [éal in cells suspended in é4
Ehrli_ch cells loaded with fura-2 and suspended in eithg?*(ﬁzee free medium (Table) most probably because the in-
medium (2 nm EGTA, (A) open symbols) or standard medium (i1m . A ! ) .
Ce*, (B) closed symbols) were exposed tqu® thapsigargin, which wardly directed C& gradient is reduced in the thapsi-
blocks ER-C&*-ATPases, in order to deplete the intracellular gargin-treated cells.
Ins(1,4,5)R-sensitive C&" stores, and subsequently stimulated with The exact peak time for the LTEnduced increase
100 m LTD,, as indicated by the arrows. [€% was estimated as jn [Ca2+]i, i.e., the time between addition of L'I;Dand
described in the legend to Fig. 1. The data showmiand B are — yya highest recorded [, value is difficult to estimate
representative of five and three independent sets of experiments, r96 ! . . . ’
spectively. ecause we have a poor resolut|_0n in _terms of time (ap-

prox. 0.14 min between each ratio). Figure 4 shows the

actual measured peak times in Ehrlich cells suspended in
159 v and 6 m, respectively, fee Table), i.e., at a C& -containing medium (representing anflux plus
saturating concentration of LT Ca* influx contrib- ~ C&" release from internal stores) or Tdree medium
utes slightly more than G4release to the LTRinduced ~ with 2 mv EGTA (representing only the Carelease) as
increase in [C&];. well as in cells suspended in €acontaining medium

Figure 3 demonstrates that addition of thapsigarginand pretreated with thapsigargin (representing onl§*Ca

an ER-C&"-ATPase inhibitor (Thastrup et al., 1990), influx). It is seen that after addition of LTDthe actual
increases [CH], in Ehrlich cells, and it is assumed that measured [Cd]; peak time resulting from (i) LTR
the increase in [C4] is due to the depletion of the in- induced C&" influx (i) LTD ,-induced C4&" release and
tracellular Ins(1,4,5)Rsensitive C&" stores. In the ab- (i) LTD ,-induced influx plus the LTD release, is re-
sence of extracellular G4 [C&"]; returns to the initial corded at 0.20 to 0.21 min in four out of five experi-
level within 5 min following addition of thapsigargin ments, 0.34 to 0.35 min in six out of eight experiments,
(Fig. 3A), whereas a sustained elevated {Qais ob-  and at 0.20 to 0.21 min in ten out of fourteen experiments
served in the presence of extracellular’CéFig. 3B).  for the three conditions, respectively. It thus appears that
In three paired sets of experiments it has been estimateldTD,, activates the Cd influx before the C&' release
that addition of 2um thapsigargin increases [€% with  from the internal stores.
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measured peak time for the LTBnduced increase in [CY; i.e., 250 -
the time between addition of 10@rLTD, and detection of the high-
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(i) standard medium containing 1MmC&* (filled bars, representing
both C&* influx and C&" release from intracellular stores), (ii) €a 150 4
free medium containing 2 m EGTA (open bars, representing €a W
release) and (i) standard medium containingi @e?* and pretreated 100
with 2 um thapsigargin (dashed bars, representing*Gaflux). The
number of independent experiments is in each case indicated at the 50 -
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Fig. 5. The effect of the phospholipase C inhibitor U73122 on the

LTD,- and the bradykinin-induced increases in {Ja Fura-2 loaded
It is well known, that many agonists inducing receptor- Ehrlich cells were suspended in standard medium (1 @") and
mediated C& mobilization, e.g., bradykinin, often act [Ca?*']; measured as described in the legend to Fig. 1. 100TD, and
via an activation of a phospholipase C (PLC) leading to10 pm bradykinin were added as indicated by the arrow§.Gontrol
inositoltrisphosphate (Ins(1,4,@)Pand diacylglycerol f:ells.were preincubated for 2 min WIthIU73343 (;'LG)I), which |s+an
(DAG) formation $eeBerridge, 1993). The data shown inactive analogue to U73122 (closed circles). The increases fJjCa

. . - " induced by LTD, and bradykinin in the presence of U73343 do not
in Fig. 38 demonstrates that LTPmobilizes C&" from differ from the agonist-induced increases in fJain control cells

intracellular thapsigargin sensitive €astores, which in from the same dayB) The cells were preincubated 2 min with the PLC
Ehrlich cells has been found to be identical to the intra-inhibitor U73122 (10uwm; closed triangles). The traces shownfimnd
cellular Ins(1,4,5)Rsensitive Ca' stores (Gamberucci B are representative of three and five sets of independent experiments,
et al., 1995), indicating that PLC is involved in the respectively.
LTD -induced C&" mobilization in the Ehrlich cells.
Figure 5 demonstrates that the effect of L;Téh [C&™], crease in the Ins(1,4,5)Rontent in Ehrlich cells, which
in Ehrlich cells is abolished in the presence of U73122is reduced in the presence of 1Q0x U73122. The
(B), an inhibitor of PLC-dependent processes in poly-Ins(1,4,5)R experiments were performed in the presence
morphonuclear neutrophils (Smith et al., 1990), whereasf 1% BSA and at a ten times higher cytocrit (5%) than
U73343 @), the inactive analogue to U73122 (Smith et the [C&*];, measurements, which explains why we used
al.,, 1990), does not affect neither the LFDnor the  100um U73122 compared to the 3 used in the C&
bradykinin-induced C& mobilization in Ehrlich cells. measurements where no BSA was present. The data ir
Bradykinin has previously been shown to induce a tran+igs. 5 and 6 indicate that a U73122-sensitive PLC is
sient increase in the Ins(1,4,5)8ntent and in [C&];in  involved in the LTD-induced Ins(1,4,5)Pformation as
Ehrlich cells (Simonsen et al., 1990). It is noted thatwell as in the LTQ-induced CA&" mobilization in
U73122 in itself has no detectable effect onfQa(data  Ehrlich cells. The observation that U73122 inhibits the
not shown. LTD,-induced increase in [G4; in C&*-containing me-
Figure 6 shows that LTPproduces a transient in- dium (seeFig. 5) seems to indicate an inhibition of the
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Fig. 6. The effect of LTD, on the intracellular Ins(1,4,5)Plevel. Verapamil
Ehrlich cells labelledn vivo for 18 hrs with [2°H]myoinositol were 400 -
suspended in standard medium containing 1% BSA. The final cytocrit
was 5%. U73122 (10Quv; closed triangles) was added in order to 300
inhibit PLC. Control cells were not treated with U73122 (closed
circles). The cells were stimulated with 108 hTD, as indicated by 200
the arrow. fH]-inositol phosphates were extracted and separated on an 7]
anion exchange columiséeMaterials and Methods). The Ins(1,4,5)P
values (shown as cpm) were corrected for a constant background level 100 +
of extracellular Ins(1,4,5)/P The data shown are representative of three
independent sets of experiments. 0 T T T T |

C&”" influx. The time between the addition of LTD Time (min)

(100 nv) and the Ins(1,4,5)Ppeak has been recorded

within the time interval 0.27 to 0.30 mim(= 3) after Fig. 7. Effect of gadolinium and verapamil on LTBnduced increase
addition of LTD,, i.e., the LTD-induced Ins(1,4,5 in [Ca?.. Ehrligh ce!ls were loaded with fura-2 ar_w! [€h was esti-
peak seems to gppear after th% L4T|Bduced in(ﬂux b)li mated as described in the legend to Fig. 1. Gadoliniumu(A)) or

. . verapamil (30um; (B)) were added as indicated by the arrow to inhibit
before the LTD-induced release from internal stores ,,nseieciive stretch-activated cation (SA-CAT) channels and voltage-

(seeFig. 4). In asingle experiment in €afree medium, gated C&" (VOC) channels (L-type), respectively. 100 nm LJ@as

the Ins(1,4,5)R peak time was within the same range added as indicated by the arrow. The tracefiand B are represen-

(about 0.22 min). tative of three and two independent experiments, respectively. In an
additional experiment the LTRinduced increase in [G3); after

. stimulation with 50 m LTD, was unaffected by verapamifita not
THE LTD ,-INDUCED Ca&" INFLUX shown).

When the intracellular Ins(1,4,5)Rensitive C&' stores

in Ehrlich cells are depleted by thapsigargin, Li®no  tensen and Hoffmann (1992), voltage gated'GQ&¥OC)
longer able to mobilize any G&from intracellular stores  channels or receptor activated g§ROC) channels.
(seeFig. 3A). The transient increase in [€% following  Exposing Ehrlich cells, suspended in Z&ontaining
addition of LTD, to thapsigargin-treated Ehrlich cells medium (1 nm C&"), to verapamil (30um, Fig. 7A),
suspended in Ca-containing standard medium is, ac- which blocks the L-type, VOC channels (Scharff &
cordingly, taken to indicate that LTPinduces a C&  Foder, 1984), or to gadolinium (40m, Fig. 7B), which
influx in the Ehrlich cells. Furthermore, it is assumed inhibits SA-cat channels permeable to%CgBennett,
that the late elevated [€];, seen in Ehrlich cells sus- 1985), has no effect on the LTBnduced increase in
pended in C&'-containing medium after stimulation [Ca?"];. Furthermore, the late sustained phase with the
with LTD,, (seee.g., Figs. 1 andA), is due to a sustained elevated [C&]; seen after LT addition is not affected
influx of Ca?* from the extracellular compartment via the by gadolinium or verapamil (Fig. 7). Thus, the LID
LTD -activated C&" transport pathways. The experi- induced CA&' influx seems not to occur via VOC or
ments shown in Figs. 7 and 8 were initiated to investigateSA-cat channels (Table).

whether the LTQ-induced C&" influx could be via non- Depleting the intracellular Ins(1,4,5)Rensitive
selective stretch activated cation (SA-cat) channelsC&* stores with thapsigargin and preincubating the
which have been demonstrated in Ehrlich cells by ChrisEhrlich cells with SK&F 96365 (2GuM, 1¥2 to 2 min),
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300 - A LD Bradykinin gensen et al., 1996gelLambert, 1994, and Hoffmann &
| 4 Dunham, 1995). From Figs. 1A24 and the Table it is
Thapsigardin seen that the free, intracellular €aconcentration
psigars ([Ca*];) in Ehrlich cells suspended in €acontaining
200 standard medium increases about 270 (peak level)
within 0.20 to 0.21 min after addition of 100arLTD 4 in
ten out of fourteen experiments (peak time), whereafter
[Ca?*]; returns to a sustained level which is elevated
compared to the initial level. A LTRinduced increase
in [Ca®"]; has also been demonstrated in rat basophilic
leukemia cells, RBL-1 (Sarau et al., 1987), in dimethyl
sulfoxide-differentiated HL-60 cells (Baud, Goetzl &
Koo, 1987), in sheep tracheal smooth muscle cells
B o (Mong et al., 1988), in the human monocytic leukemia
LTD, Bradykinin cell line, U-937 (Saussay et al., 1989), in the human
intestine cell line, Int 407 (Sjander et al., 1990), and in
the human monocytic leukemia cells, THP-1 (Chan et al.,
1994). The effects of LTRon [C&]; in Ehrlich cells is
inhibited by the LTD receptor antagonist L-649,923
(Jgrgensen et al., 1996), and, furthermore, we demon-
strate that neither LTg which is precursor for LT,
nor LTE,, which is the metabolite of LT} or LTB, are
able to mobilize C& or to block the LTQ-induced in-
crease in [C&7]; in Ehrlich cells (Fig. 1). Thus, the
0 — SRR LTDinduced C&* mobilization in Ehrlich cells seems
0 1 2 3 4 5 6 to involve a LTD, receptor of high specificity. This is at
variance with the LTD receptor in the sheep tracheal
smooth muscle cells (Mong et al., 1988) and in the dif-
Fig. 8. Effect of SK&F 96365, an inhibitor of receptor operatec?Ca  f€rentiated U-937 cell line (Saussy et al., 1989), in which
channels, on LT[ and bradykinin-induced increase in . Ehrlich ~ LTE, is reported to act as a partial agonist to the L,TD
cells were loaded with fura-2, and the intracellular Ins(1,4,%ghsi-  receptor. It is noted that LTPin Ehrlich cells also in-
tive C&* stores depleted with thapsigargin, as described in the legen@{uces a net loss of KCI and cell water, resulting in a
to Fig. 3. 100 m LTD, and 10um bre_ldykinin were adde_d_ as indicated significant cell Shrinkage (Lambert, 1987, 1989; Lambert
by the arrows. &) Control cells with no further additions (closed etal., 1987). The receptor involved in the L]’-[Dlduced

circles). ) The cells were preincubated/zlto 2 min with 20 um . o
SK&F 96365 to inhibit receptor operated £4ROC) channels (closed KCl loss is also sensitive to L-649,923 (Lambert, 1989)

diamonds). The traces i andB are representative of three and four @nd specific for LT (Lambert et al., 1987). However,

independent experiments, respectively. LTD, seems in the Ehrlich cells to be able to activate the
K™ and CT transporting systems without any measurable

which blocks ROC channels in human platelets (Merrittincrease in [C&]; (Jergensen et al., 1996), indicating

et al., 1989), was also without effect on the subsequenthat the LTD, receptor and signaling system coupled to

LTD ,-induced influx of C&" in Ehrlich cells suspended the C&" mobilization could be different from the LTD

in standard medium containing ImC&* (Fig. 88), i.e.,  receptor and signaling system coupled to the KCI trans-

the LTD,-induced C&" influx does most probably not porting systems in Ehrlich cells.

occur via ROC channels (Table). On the other hand, the

Ca* influx induced by addition of bradykinin to thapsi- .

gargin-treated Ehrlich cells (FigA$ seems to be almost L TP47INDUCED Ca" RELEASE FROMINTRACELLULAR

100

[Ca®"]; (M)

300

200

100

Time (min)

absent in the presence of SK&F 96365 (Fig)gindi-  S'ORESINVOLVES PLC ACTIVATION AND
cating that a channel of the ROC type is present in thdNS(1,4,5)F FORMATION
Ehrlich cells.

From Fig. 6 it is seen that LTDinduces a transient
Discussion increase in the intracellular Ins(1,4,5)Rvel in Ehrlich
cells. The time between addition of LT,Dand the
Ins(1,4,5)R peak (peak time) is estimated to be in the
range 0.27 to 0.30 min in three independent sets of ex-
It has previously been shown that R in Ehrlich cells  periments ¢eeResults), whereas the peak time for the
is transiently increased following addition of L[Jgr-  LTD,-induced C4' release, seen in Ehrlich cells sus-

THE LTD ,-RECEPTORCOUPLED TO C&* MOBILIZATION
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pended in C&-free medium, is in the range 0.34 to 0.35
min in six out of eight independent experiments (Fig. 4).
No LTD,-induced increase in [¢4; can be observed in
Ehrlich cells suspended in €afree medium and subse-
quently treated with thapsigargin (FigAB Since the
LTD -induced increase in Ins(1,4,5)Rontent appears
shortly before the LTR-induced release of ¢4 and
since both the LTR-induced increase in Ins(1,4,5)&nd
the LTD,-induced increase in [¢4; are inhibited in the

S. Pedersen et al.: Leukotrieng-dduced C&" Mobilization

phase of elevated [G4; would be seen in cells sus-
pended in C&-containing medium as well as in cells
suspended in Ca-free medium. However, we find no
sustained phase of elevated f(Jain cells suspended in
Céa*-free medium $eeFig. 2A), excluding any effects of
LTD, on the C&"-ATPase in the plasma membrane of
the Ehrlich cells. The LTRinduced increase in [G);
seen in Ehrlich cells treated with thapsigargin is also
taken to represent an influx of €afrom the extracellu-

presence of the PLC inhibitor U73122 (Figs. 5 and 6), itjar compartmentgeeFig. 3B). The peak time for the

is suggested that the LTAnduced C&" mobilization
from intracellular stores in Ehrlich cells involves activa-
tion of a U73122-sensitive PLC, Ins(1,4,53)@rmation
and a subsequent release ofCiiom the Ins(1,4,5)R

LTD,-induced C&" influx is in the range 0.20 to 0.21
min after addition of LTL} in four out of five experi-
ments, whereas the peak time for the L;finduced C4"
release is in the time range 0.34 to 0.35 min in six out of

sensitive stores. Grierson & Meldolesi (1995) have r€-gight experiments (Fig. 4). Thus, the peak of the LTD

ported several unspecific effects of U73122 on thé*'Ca

induced C&" influx in Ehrlich cells seems to appear

homeostasis in mouse fibroblasts. However, accordingofore the peak in [C4]. caused by the LTRinduced

to Berven and Barritt (1995) some of the unspecific ef-
fects of U73122 are shared by the inactive analogu
U73343. Since we see no effect of U73122 onqqan
Ehrlich cells, and since U73343 does not inhibit the
LTD,-induced mobilization of CH, we find it most
likely that the effect of U73122 on the LTBnduced
Ca* mobilization reflects an inhibition of PLC. This is
in agreement with the observations that L T&imula-
tion leads to PLC activation in the human intestine cell
line, Int 407 (Gimoos et al., 1995), and to phosphatidyl-
Ins(4,5)R hydrolysis and inositol phosphate formation in

rat basophilic leukemia cells (Sarau et al., 1987), guine&’
pig lung (Mong et al., 1987), sheep tracheal smooth?
muscle cells (Mong et al., 1988), rat glomerular mesan-

glial cells (Badr et al., 1989), differentiated U-937 cells

(Saussy et al., 1989) and guinea pig tracheal smootfalio

muscle cells (Howard et al., 1992). A similar stimulation
of Ins(1,4,5)R formation was previously demonstrated
in Ehrlich cells with the agonists bradykinin and throm-
bin (Simonsen et al., 1990).

LTD ,-INDUCED ACTIVATION OF Ca* CHANNELS IN THE
PLasMA MEMBRANE

Stimulation with LTD, is, in general, thought to lead to
activation of a C&" channel in the plasma membrane
providing a C&" influx (seeCrooke et al., 1989, and
Sjolander & Groroos, 1994), and the LTBnduced
C&”" influx appears to occur after the LT,Bnduced

release of C& from the Ins(1,4,5)Rsensitive C&"

Stores geethe Table), which could indicate that LT,D

activates the CH influx before it releases G4 from
intracellular stores. It is unlikely that the differences in
the [C&"]; peak times reported in the present study are
due to the fact that the Ehrlich cells were kept ifGa
free medium with EGTA for the measurement of the
LTD-induced C&" release, because we did not re-
cord any difference in the peak time for the LFD
induced release of Ins(1,4,5) the absence or in the
resence of extracellular €a(seeresults). The present
bservation that the LTRinduced C&" influx in the
Ehrlich cells seems to appear before thé'CGalease is in
contrast to results reported for U-937 cells where esti-
n of [C&"]; in cell suspensions revealed that the
LTD,-induced increase in [G¥], is reached faster when
the cells are suspended in Tdree medium, i.e., the
LTD induced release of G&from intracellular stores
comes before the LTRinduced C&" influx (Saussy et
al., 1989).

The apparent Eg, for the LTD,-induced C3&" re-
leaseand the LTD-induced C4" influx are estimated at
19 nv and 6 m, respectively geeTable), i.e., the LT}
induced C&" influx in Ehrlich cells occurs at a lower
LTD, concentration than the LTBinduced release of
Cé&" from intracellular stores. This is in agreement with
the observations made by Jgrgensen et al. (1996) that low
concentrations of LTRresult in an increase in [E§; in
Ca*-containing medium (resulting from influx) but not

Ca* release (Chan et al. 1994; Saussy et al., 1989)in Ca*-free medium. The observed difference between
In the present study, it is assumed that the increased pedke estimated Eg values and between the peak times
level as well as the late sustained phase of elevatetbr the LTD,-induced C&" influx and for the LTD-

[C&a?"]; seen after addition of LTPto Ehrlich cells sus-
pended in C&"-containing medium, is due to an LT,D
induced influx of C&* (seeFig. 2A). It is evident that a
putative LTD,-induced inhibition of the C&-ATPase in

induced C4" release could be due to the presence of (i)
two LTD, receptor subtypes as seen in guinea pig ileum
(Gardiner, Abram & Cuthbert, 1990), (ii) one LT,De-

ceptor type possessing a low as well as a high affinity

the plasma membrane would also cause a late sustaindihding site as seen in rat glomerular mesanglial cells

phase of elevated [G§,. In that case, the sustained

(Badr et al., 1989) and in the intact rat (Smith et al.,
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1989), (iii) one LTD, receptor type where the affinity of seen after depolarization from —60 to approximately O
the receptor towards LTDis reduced upon removal of mV by transferring the cells to high'kmedium @lata not
divalent cations as demonstrated in rat basophilic leukeshowr). Thus, voltage-gated Gachannels seem to be
mia cells (Sarau et al., 1987) and THP-1 cells (Rochetteabsent in the Ehrlich cells. It should be noted, that the
Nicholson & Metters, 1993), or (iv) one LTPreceptor only voltage-gated channel reported in Ehrlich cells is
type where the function of potentially involved G- the large CI channel (Christensen & Hoffmann, 1992).
proteins is modified due to a change in the transmem-  Depletion of the intracellular G4 stores is known to
brane C&" gradient upon removal of external €aas activate C&" channels in the plasma membrane, leading
proposed for bovine brain cortices (Fan et al., 1995). to an inwardly directed C& current via depletion oper-
Since the LTQ-induced peak in [CH], due to in- ated C&" channels Igac, SeeClapham, 1995). From
flux in Ehrlich cells seems to appear before the peak inFig. 38 it is seen that LTR induces an influx of C& in
the Ins(1,4,5)Rcontent it is unlikely that opening of the thapsigargin-treated Ehrlich cells, which can be taken to
LTD,-activated C&" channel demands Ins(1,4,3)Br indicate that the C& channel activated by LTDis not
any other inositolphosphate metabolite. However, theof the depletion operated type. It also seems reasonable
observation that both the LTEnduced C4" release as to exclude messengers downstream to Ins(1,4./5)Ehe
well as the LTD-induced C&" influx are abolished in LTD,-induced activation of the Gainflux, because the
the presence of the PLC inhibitor U73122 (Fig. 5) couldIns(1,4,5)R peak seems to appear after the*Cmflux
indicate a role of PLC in the LTRinduced C4" influx peak (Fig. 4). SK&F 96365, which is reported to inhibit
in Ehrlich cells. Gfaroos et al. (1995) have recently receptor operated 4 channels in human platelets
reported that LTR-induced C&* mobilization in the hu-  (Merritt et al., 1989), has apparently no effect on the
man intestine cell line, Int 407, involves tyrosine phos-LTD -induced C&" influx, whereas the bradykinin-
phorylation of PLG as well as a tyrosine kinase- induced C&" influx is reduced $eeFig. 8). This prob-
dependent step, which apparently occurs downstream tably reflects that the G4 channel activated by LTPand
PLCy activation and which is assumed to be implicatedthe C&* channel activated by bradykinin are distinct.
in the LTD,-induced C&" influx. In the present study, It is noted, that SK&F 96365 is unable to inhibit the
we are not able to determine whether the LJibduced ATP-gated C&" permeable channel in rabbit ear artery
activation of C&" influx in Ehrlich cells involves a ty- smooth muscle cells and, furthermore, exhibits nonspe-
rosine kinase or whether the effect of the PLC inhibitor cific effects (Merritt et al., 1990, Franzius, Hoth & Pen-
U73122 is due to direct or indirect unspecific effects onner, 1994). Thus, the present observations cannot ex-
C&" influx as reported by Berven & Barritt (1995) and clude the involvement of receptor-operated®Cehan-
Grierson & Meldolesi (1995). nels in the LTD-induced C&" influx in Ehrlich cells.
In conclusion, LTD) acts in the Ehrlich cells via a
. receptor specific for LT[, which upon stimulation pro-
CHARACTERIZATION OF THE LTD 4-ACTIVATED Céf vokes (i) an influx of C&" through C&* channels, which
CHANNEL are distinct from C&"-depletion operated Gachannels,
L-type, VOC channels or SA-cat channels, and (ii) to a
The exact nature of the LTactivated C&" channel in  release of C& from the intracellular Ins(1,4,5)P
Ehrlich cells remains to be determined. VOC channelssensitive stores.
are not activated by LTP in dimethylsulfoxide-
differentiated HL-60 cells (Baud et al., 1987) or in sheeprhis work has been supported by the Danish Natural Science Researct
tracheal smooth muscle cells (Mong et al., 1988). Percouncil.
tussis toxin is reported to inhibit the LTBnduced in-
flux in the U-937 cells (Saussy et al., 1989) and in the
human intestine cell line, Int 407 (Sgmder et al., 1990), References
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