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There are controversial reports on the effect of sodium-potassium adenosine triphosphataké (Na
ATPase) inhibition on mast cell mediator release. Some of them have indicated that ouabain (strophanthin
G), a specific N&K" ATPase inhibitor, inhibited the release, whereas the others have shown that ouabain
had no effect or even had a stimulatory effect on the mediator secretion. Most of these studies utilized
animal-derived cells. The aim of this study was to determine the effect ¢ N&TPase inhibition on
human skin mast cells. Unpurified and purified mast cells were obtained from newborn foreskins and
stimulated by calcium ionophore A23187 (M) for 30 min following a 1 hr incubation with various
concentrations (16 to 10° M) of ouabain. Histamine release was assayed by enzyme immunoassay. The
results indicated that ouabain, a N&* ATPase inhibitor, had no significant effect on the non-immunologic
histamine release from human skin mast cells in vitro and suggested differences between human and animal
mast cells. [Journal of Turgut Ozal Medical Center 1996;3(4):277-283]

Key Words:Calcium, calcium ionophore, histamine, N&" ATPase, ouabain

Kutanoz mast hiicrelerinden histamin salinimi iizerine ovabain’in etkisi

Sodyum-potasyum adenozin trifosfataz *tM& ATPaz) inhibisyonunun, mast hiicrelerinden mediator
salimimi iizerine etkileri konusunda celiskili bilgiler mevcuttur. Bazi ¢alismalar, spesifik bir Na*-K* ATPaz
inhibitorii olan ovabain (strofantin G)’in, mediator desarjint bloke ettigini, bazilari ise herhangi bir etkisinin
olmadigini, hatta mediator sekresyonunu artirdigini ileri siirmektedir. Bu ¢alismalarin ¢ogu hayvanlardan
elde edilmis mast hiicreleri kullanilarak yapilmistir. Bu ¢alismamn amaci, Na'-K* ATPaz inhibisyonunun,
insan kutanoz mast hiicrelerinden mediator salinimt iizerine etkilerini incelemektir. Sagliklt yenidoganlarin
stinnet derilerinden elde edilen mast hiicreleri, degisik ovabain konsantrasyonlarwla inkiibe edildikten
sonra, kalsiyum iyonoforla stimiile edildi. Histamin saltmmi ELISA ile degerlendirildi. Sonuglar, spesifik bir
Na'-K* ATPaz inhibitorii olan ovabain’in, insan kutandz mast hiicrelerinden in vitro nonimmiinolojik
histamin salmimi iizerine belirgin bir etkisi olmadigin gosterdi. Insan ve hayvan mast hiicreleri arasmda bu
agidan da farkhiliklar oldugu disimiildii. [Turgut Ozal Tip Merkezi Dergisi 1996;3(4):277-283]

Anahtar Kelimeler:Kalsiyum, kalsiyum iyonofor, histamin, NK* ATPaz, ovabain

The release of inflammatory mediators,important role in the pathogenesis of a variety of
especially histamine, from tissue mast cells plays anllergic and inflammatory conditions (1-3). The
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release is caused by immunologic and non- There are conflicting results concerning the
immunologic stimuli and is modulated by many effect of ouabain on the histamine release from rat
humoral factors (4,5)In allergy, the high affinity mast cells and human basophils. Especially, the
Fc receptor (FaRI) cross-linking activates a signal earlier reports suggested that ouabain did not
transduction cascade, which is associated witlmodify histamine release from rat mast cells (17,18)
influx of extracellular calcium and mobilization of or human basophils (19). Some other studies
intracellular calcium, activation of phospholipasesindicated that ouabain had an inhibitory effect on
and proteases, increased phospholipid metabolisrhjstamine release from guinea pig lung fragments
release of arachidonic acid metabolites, tyrosind9) and human basophils (20). On the other hand,
phosphorylation, cyclic AMP production, and several recent reports showed that ouabain caused
activation of protein kinases (3,6). an increase in the release of histamine from rat mast

o . cells in the absence of added calcium, but not in a
Na-K™ ATPase, and the pump related to thISmedium containing normal (millimolar) calcium

enzyme, are essential in many physiologic eventg

such as maintenance of cell osmotic balance anc{)ncentrations (8,10,13,21,22). Morever, some
. . . . . Studies produced results that ouabain potentiated
cation gradients, resting and action potentials

. histamine release from rat mast cells in the presence
water-electric balance, and transport of sugars ang

amino acids (7). It has been proposed thata f micromolar concentrations of calcium, and had
S . propc . no significant effect in the absence of added calcium
ATPase is involved in the regulation of mediator

. —and in the high calcium concentrations (from>10
release from mast cells together with cyclic

. . . . M) (23). Recenly, our laboratory has documented
nucleotides and phospholipid metabolism, in a Wa¥h)at( ou)abain ha)(; an inhibitory yeffect on calcium

e e o o omsypropTerenduced isamine release from o
in%uman mast cells and byaso hils (9). Ouabain an sophilic leukemia cells (24) and had a stimulatory

S . P ' . ffect on immunologic histamine release from
other digitalis glycosides are generally considere

A + uman basophils in allergic patients (25) in the
as specific inhibitors of NeK™ ATPase (10). It has presence of calcium. None of these earlier studies

Egﬁge:l;%\g?:::ergastgaitn 1\i\‘lr:afrac'z-lll—llj)l:rse:%ol(;]iklljlr?:tIIoer\l/elsrm)orted on the effect of ouabain in human mast
This increase in intracellular sodium may affect thec.e"s (8,10,13,18,20-25). The purpose of this study
. . ' may ._was to investigate if ouabain, a potent and specific
intracellular concentration of calcium (cytosolic

calcium) via the N&C&* exchange system that can Na'-K" ATPase inhibitor, modulates histamine
exchange intracellular sodiun? fo): extracellularre'ease from human skin mast cells, in vitro. A
calcium (11,12). Additionaly, NaK® ATPase unique model, human foreskin mast cells, was used.

blockade can lead to an increase in the pool of
membrane-bound calcium (13). Although most of
the studies have focused on calcium, it is clear thal}/I'A‘TERI'A‘LS AND METHODS
there are many second messengers in mast cells,
and the other important ones are less known (14zfis
Calcium ionophore A23187 complexes with
calcium, can carry calcium in both directions acros
the cell membrane and induces histamine release Cell activation. 1000 mast cells (unpurified and
from isolated human mast cells (15,16). Inpurified) were used in each experimental tube. All
summary, N&K* ATPase might play a role in the experiments were performed in triplicate. Three
regulation of mast cell secretion mainly through thekinds of experimental conditions were prepared:
modulation of cytosolic and membrane-bound . .
calcium stores and the accessibility of calcium to CaI'C|ur'n (1 mM) adde.d at the beginning of the
calmodulin-sensitive enzymes involved in secretionouab"?"n incubation period. Samples of .BOHI
phenomena (8,13). Reactivating of N& ATPase containing 1000 mast cells were placed in 1.5 ml

following histamine release has been suggested as pendorf tUb?S and 1dl of 10X CaCj (1 mM
mechanism for cell recovery (16). final concentration)was added to each tube. Then

10 pl of diluent or 10pl of appropriate ouabain
concentration (14, 10° and 1 M final

Cell isolation and purification. Mast cells were
persed from human foreskin and purified by
élsing techniques previously described (26-29).
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concentrations) were added to the tubes. AfteRESULTS
incubation at 37°C for 1 hr, 1 of diluent
(spontaneous histamine release) opll6f calcium Average mast cell yield and purity.Digestion
ionophore A23187 @M final concentration) of neonatal foreskins with deoxyribonuclease,
(induced histamine release) were added. Aftehyaluronidase, and collagenase yielded an average
second incubation for 30 min, reactions wereof 2.45-0.45 x 10 mast cells/g wet weight of tissue
terminated by the addition of 900l of ice-cold (n=20). Purity of mast cells was 4R27%, the
histamine release buffecontaining PIPES 25 mM, major contaminating cells being fibroblasts and
NaCl 100 mM, KCI 5 mM, MgGl 0.4 mM, glucose capillary endothelial cells. The average histamine
5.5 mM, BSA 0.1%, and tubes were centrifuged atontent of unpurified mast cells was $253 pg/cell.
2500 rpm for 2 min. Aliquots of supernatants wereHuman foreskin mast cells were purified by
removed and stored at -70°C until histamine assay. cenrifugation through Percoll density gradients
(n=7). The highest mast cell purity, 68518%, was
btained at the bottom of the tubes. Approximately
0% of the total mast cells were recovered in the
pellet, and they were contaminated with
erythrocytes and some fibroblasts and endothelial
No added calcium.The same procedure as cells. The average histamine content of purified
above, except that no calcium was added to thmast cells was 62115 pg/cell.
tubes at any time during the experiment.

Calcium added after 1 hr ouabain incubation
period. The same procedure was performed excepg
that 10ul of 10X CaC} was added to the tubes only
at the end of ouabain incubation period.

Mast cell viability assessed by trypan blue

Total histamine content was determined fromexclusion in both unpurified and purified mast cell

samples (1000 mast cells in 1 ml of histaminepreparations was higher than 95% in all
release buffer) by boiling for 10 min to obtain all experiments.

the histamine in the cells. . .
Ouabain effect on spontaneous and calcium

Histamine assay.Supernatants were assayed forionophore-induced histamine releases from human
histamine by using a commercial enzyme linkedskin mast cells.
immunosorbent assay kit (Histamine ELISA Kkit, . - .
Immunotech, Westbrook, MA) (30,31). Data were In a me(j|a contalnl_ng calcium (.1 m_M).ThGe
processed and end results were calculated O?]ffect of various ouabain concentrations ‘t,.lﬂ)O,
computer by using Kineticalc and Lotus programsa.nOI 1.08 M) on spontaneous' .and sUmngt_ed
The histamine in the supernatants was divided b Istamine r_elease?s frqm gnpunﬂed and purified
the total histamine content of the mast cells t _ast gells is outlined in Flgurg ! S_pontaneous
determine the percent released during experimentl.{'l'sw"’r,",ne releases. (% of total histar:8& D) from
incubations. Spontaneous histamine release wadPurified and purified mast cells were 33:@401
subtracted from the induced histamine release tgnd 10-3%2.84 whereas calcium ionophore-induced
give the net histamine release. Results weréeléases were 68.28.36 and 46.3%5.12,

expressed as the percentage of the total histamiigspPectively. Spontaneous and stimulated histamine
content. releases from unpurified mast cells were higher than

releases from purified mast cells. Ouabhad no
Cell viability. Cell viability was assessed by effect on spontaneous histamine release from both
trypan blue exclusion in parallel with all ynpurified and purified mast cells, but had a slight
experiments (32). but insignificant inhibitory effect on induced

Statistical analysis.All results were expressed histamine release from unpurified mast cells and a

as meahSEM of seven experiments. Differences Slight but again insignificant stimulatory effect on

between means were tested for significance by usinﬁ'duced histamine release from purified mast cells.

two-tailed Student's ttest for paired data.”S @ result of these experiments, ouabain induced a

Differences were considered significant when thesght but insignificant decrease in net histamine

probability (p) was less then 0.05. release from unpurified mast cells, and a slight but
insignificant increase in net histamine release from
purified mast cells, in a dose-response manner
(Figure 1 b).
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In a media that calcium (1 mM) was added at immunologic (10) and non-immunologic histamine
the end of the incubation period with ouabaihs release from unpurified (8,13,23) and non-
shown in Figure 2 ,aspontaneous histamine releaseimmunologic histamine release from purified (21)
values from unpurified and purified mast cells wererat peritoneal mast cells.
28.23t5.48 and 9.083.92 whereas stimulated
releases were 51.39.42 and 42.586.88,
respectively. Ouabairthad no effecbn spontaneous
histamine release from both unpurified and purifie
mast cells under this circumstance too. But it had
slight but insignificant enhancing effect on
ionophore-induced histamine release from both Some possible explanations for the differences
kinds of cells. Again, spontaneous and inducedn results of ours and previous studies can be
histamine releases from unpurified cells were higheconsidered: Most of the previous studies have been
than those of purified ones. Ouabaid a slight but performed on animal models, especially rat mast
insignificant potentiating effect on net histaminecells and a few of them have been done by using
release from unpurified and purified humanhuman basophils. None of these earlier
cutaneous mast cells, in a dose-response mannigvestigations has used human mast cells in their
under this condition (Figure 2 b). experiments. Mast cells from different species and
even different tissues are highly heterogeneous.

S ;?]ta&:]e?ed'r? t;cr)r?';aemrlglge ang ?rg(:qedncalr?f'_gr;'anThere are substantial differences between human
P us histam €S unpurtfi fﬂ]d animal mast cells in morphology, mediator

purified mast cells were 31.84.49 and 9.72£3.05, content, sensitivity to stimulatory and

whereas induced histamine release values Wer[?harmacologic agents, and dependence on T cell-
51.826.44 and 21.942.63, respectively. The goiyeq factors (1). The circulating basophil is
results of these experiments showed that ouabalfyqiinery different from the mast cell and may not
did not affect spontaneous and induced histaminge onirely representative of all the mast cells (29).
releases_ from both unpur_lfled and purified Mastyitterences between species and tissues ihKNa
cells (Figure 3 a). Ouabain had no effett net  \rpase activity and sensitivity to modulating agents
h|star_n|ne release from unp_urn‘led_ and purified mastan also be considered (8). Although significant
cells in the absence of calcium (Figure 3 b). ATPase activity has been demonstrated in human
mast cells and basophils (9), N&" ATPase
represented only a small percentage of the total
ATPase activity of mast cell membranes (8,18).

The effect of ouabain, a K&* ATPase Additionally, there may be some methodologic
inhibitor, was investigated on the spontaneous ana@nd technical differences between present and
the calcium ijonophore A23187-induced histaminePrevious studies. These include: differences in cell
releases from unpurified and purified humannumbers, processing and assay procedures,
cutaneous mast cells, under various experiment&oncentrations of calcium, ionophore, and ouabain,

conditions. No significant effects were observed. ~ period of incubation, secretagogue preference,
contamination by cells other than mast cells, and

In some studies, it has been reported thafisiamine assay. In previous studies, mast cells were
ouabain had no effect on the antigen-induceq,seq in fairly high numbers as compare to ours. Our

secretion process from purified rat mast cellsgicylations and results might be affected by this
(17,18) and unpurified human basophils (19,25). Ofactor. Other factors may be involved as well; eg,

the other hand, some reports indicated that ouabaiycium and ouabain concentrations. Like some
inhibited antigen-induced histamine release fronhiners we observed no effect of calcium on

unpurified rat lung mast cells (9nd unpurified  pigtamine release in the presence of ouabain (8,10).
human basophils (20), and ionophore-stimulatedrhe goses of ouabain that were used in our
histamine release from rat basophilic leukemia Ce"%xperiments were similar to those usually reported

(24). Conversely, most of some newer investigations, secretion studies (10). However, this has not been
suggested that ouabain had a stimulatory effect 0§ \,niversal finding. One group showed that-&a

Our results from unpurified and purified human
skin mast cells in the presence of calcium are similar
dto several of these reports (17,18,19,25) and in the
absence of calcium, they are parallel to those of
gome, but not the majority of others (23).

DISCUSSION
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Figure 1. The effect of ouabain o) spontaneous and stimulated, abjir{et histamine releases from unpurified and purified human
cutaneous mast cells in the presence of calcium (1 mM).
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Figure 2. The effect of ouabain om) spontaneous and stimulated, ahjiriet histamine releases from unpurified and purified human
cutaneous mast cells in adding of calcium (1 mM) after the incubation period.
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Figure 3. The effect of ouabain ore) spontaneous and stimulated, ai)l et histamine releases from unpurified and purified
human cutaneous mast cells in the absence of added calcium.

ATPase inhibition potentiated histamine calcium concentration was less than 0.5 mM (8).
secretion from rat mast cells when the extracellulaBut ouabain, up to I®M, failed to produce any
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significant modification on histamine release in thesurface molecules. In another study, it has been
presence of calcium (0.9 and 1 mM) (8,10). Theyreported that mast cells possess the laminin receptor
concluded that the previous failures in observing amn their membrane and the signals mediated through
effect of ouabain were linked to the use of highVLA-4 potentiate the mediator release from the
calcium concentrations in the experiments.cells (33).

Prolonged_exposure to calcium an_d increases in the All of these facts and factors must be considered
concentration of extracellular calcium can have an

inhibitory effect on histamine release (8,28,34,35). n the_ contrO\_/ersy of the results f_rom different
investigatorslt is hoped that new studies on human

In a calcium-free medium, it has been concludedkin mast cells by using various calcium and
that long term incubation of rat peritoneal mast cellouabain concentrations and various stimulatory
increases the permeability of the plasma membranggents including antigen will clarify the isses a
to sodium. The consequent increase in theesult we concluded that R&*" ATPase inhibition
intracellular concentration of sodium causes arhad no significant effect on non-immunologic
increase in the activity of the RE* pump (36). histamine release from human skin mast cells in
Magnesium may modify this process. For exampleyitro.
it has been demonstrated that preincubation of mast
cells in a physiological concentration of magnesium
caused a decrease in the secretory response and aAcknowledgement. We thank the pediatric
less-marked inhibition of the pump was foundsurgeons and the staff of Magee-Woman's Hospital
(37,38). A mechanism for this effect has beerof Pittsburgh for provision of foreskin specimens.
postulated that magnesium might displace calcium
from the plasma membrane (38). We used 0.4 mM
magnesium in our experimental media. REFERENCES

”The use Qf an L!npum?]ed or p%r.tll_y pt:]rlfled mt?s_t . Goldstein SM, Witroub BU. The cellular and molecular
cell preparation raises the possibility that ouabain  pi50qy of the human mast cell. In: Fitzpatrick TB, Eisen

acted on other kind of cells such as fibroblasts or Az, wolf K, et al, eds. Dermatology in General Medicine.
endothelial cells. Similarly, it is possible that  New York: Mc Graw-Hill, 1993: 359-73.
ouabain bound to non-mast cells in the preparatiors. Longley J, Duffy TP, Kohn S. The mast cell and mast cell
with a less-than-expected concentration of ouabain disease. J Am Acad Dermatol 1995; 32: 545-61.
available to bind to mast cells. The net result woul®. Weber S, Krasagakes SK, Grabbe J, et al. Mast cells. Int J
be an inability to directly test the primary  Dermatol 1995; 34:1-10.
hypothesis, i.e that ouabain modulates mast cefl. Inagaki N, Kawasaki H, Ueno M, et al. Potentiation of
histamine release. It is unlikely that the cells in the antigen-induced h‘istam_ine rele_ase from rat peritoneal mast
. . L cells through a direct interaction between mast cells and
m|xtu_re qther than mast cells prowd_e(_j a significant - calis. Life Sciences 1094: 54: 1403-9.
contrlbutlt_)n to the ev.ent b.ecause IF I_S known tha . Church MK, El-Lati S, Okayama Y. Biological properties of
mast cell is the only histamine-containing cell in the ' ,;man skin mast cells. Clin Exp Allergy 1991; 21: 1-9.
human skin (1) I_n the other h{ind we obs_e_rved ng, Benyon RC. The human skin mast cell. Clin Exp Allergy
effect of ouabain in both unpurified and purified cell  1989: 19: 375-87.

preparations. 7. Nichols JR, Maldonado HS. Comparison of the inhibitory

. . ! N
The higher amounts of histamine releases from 212% o "u&ban, ane Saowonr o e 6
unpunﬁet_j mast cells j{han t.hose Of. punfled ones Caq. Amellal M, Binck M, Frossard N, et al. Sodium-potassium
be explained by a direct interaction between mas ATPase inhibition potentiates compound 48/80-induced
cells and the other cells in the mixture. In a report, it  histamine release from mast cells. Br J Pharmacol 1984; 82:
has been indicated that cells other than mast cells in 423-30.
the preparation did not secrete effective humorad. Okazaki T, llea VS, Okazaki A, et al. Inhibition of antigen-
factors and molecules after challenge with antigen induced histamine release by ouabain. J Allergy Clin
(4). However, the same study suggested that 'mmunol1976;57:454-62.
ant|gen_|nduced hlstamlne release from ratlo Frossard N, Amellal M., Landry Y So.dium-.potassium
peritoneal mast cells was potentiated through a 'SE;;‘Z?; .fﬁ;#?c’offggg'mg?QZ'SSEZ' histamine  release.
direct physical contact with other cells via some cell T '

282 Turgut Ozal Tip Merkezi Dergisi 3(4):1996



Senol M, et al.

The effect of ouabain on histamine release from skin mast cells

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Stump RF, Oliver JM, Cragoe EJ, Deanin GG. The control26.

of mediator release from RBL-2H3 cells: Roles for*Ca
Na', and protein kinase C. J Immunol 1987; 139: 881-6.

Rumpel E, Pilatus E, Mayer A, Pecht I. Nand C&"

gradients across the membrane modulate the secreto7.

response of mast cells. Int Arch Allergy Appl Immunol
1995; 107: 351-3.

Erjavec F, Ferjan I. Changes in histamine secretion from28.

mast cells caused by digitalis glycosides. Agents Actions
1990; 30: 125-7.

Fewtrell C, Mohr C, Ryan TA, Millard PJ. Calcium: an 29.

important second messenger in mast cells. Ciba Foundation
Symposium 1989: 114-32.

Diamant P, Patkar SA. Stimulation and
histamine release from isolated rat mast cells.
Allergy Appl Immunol 1975; 49: 183-207.

Knudsen T, Ferjan |, Johansen T. Activation of thé/Ki&a
pump in rat peritoneal mast cells following histamine
release: a possible role in cell recovery. Br J Pharmacok,
1993; 108: 120-5.

Fewtrell CMS, Gompert BD. Effect of flavone inhibitors of
transport ATPase on histamine secretion from rat mast cellszg
Nature 1977; 265: 635-6.

Magro AM. Ethacrynic acid inhibitable Ca2+ and Mg2+
activated membrane adenosine triphosphatase in rat magy
cells. Clin Exp Immunol 1977; 30: 160-7.

Magro AM. Blocking of histamine release from human
basophils in vitro by ATPase inhibitor, ethacrynic acid. Clin
Exp Immunol 29: 436-41, 1977.

Smith TF, Legrand FS, McKean LP, et al. Role of sodium ingg
mediator release from human basophils. J Allergy Clin
Immunol 1992; 89: 978-86.

Knudsen T, Bertelsen H, Johansen T. Ouabain enhancemesgt,
of compound 48/80-induced histamine secretion from rat
peritoneal mast cells: dependence on extracellular sodium.
Pharmacol Toxicol 1992; 70: 412-8.

Knudsen T, Ferjan |, Johansen T. Effect of ouabaggxdn,

and digitoxigenin on potassium uptake and histamine
release from rat peritoneal mast cells. FEBS Letters 1993;
321:127-31.

Amellal M, Bronner C, Landry Y. Transmembrane sodium

and potassium gradients modulate histamine secretion
induced by ionophore A23187. Br J Pharmacol 1985; 85:
819-26.

Gentile DA, Skoner DP. A role for N&* ATPase in
degranulation of RBL-2H3 cells. Clin Exp Allergy 1996: (In
press).

Gentile DA, Braun E, Skoner DP. The effect of "N&
ATPase inhibition on leukocyte histamine release Annal
Allergy Asthma Immunol 1996: (In press).

Int Arch

38.

Journal of Turgut Ozal Medical Center 3(4):1996

inhibition of 30.

31.

. Knudsen T,

Robinson C, Benyon RC, Holgate S, Church MK. The IgE-
and calcium-dependent release of eicosanoids and histamine
from human purified cutaneous mast cells. J Invest
Dermatol 1989; 93: 397-404.

Lawrence ID, Warner JA, Cohan VL, et al. Purification and
characterization of human skin mast cells. J Immunol 1987,
139: 3062-9.

Benyon RC, Lowman MA, Church MK. Human skin mast
cells: their dispersion, purification, and secretory
characterization. J Immunol 1987; 138: 861-7.

Tharp MD, Suvunrungsi RT, Sullivan TJ. IgE-mediated
release of histamine from human cutaneous mast cells. J
Immunol 1983; 130: 1896-901.

Siraganian RP. Histamine secretion from mast cells and
basophils. TIPS 1983; 4: 432-7.

Morel AM, Delaage MA. Immunoanalysis of histamine
through a novel chemical derivatization. J Allergy Clin
Immunol 1988; 82: 646-54.

. Coligan JE, Kruisbeek AM, Margulies DH. Trypan blue

exclusion test of cell viability. Current Protocols in
Immunology. New York: John Wiley & Sons, 1991: A.3.3.

. Thompson HL, Burbelo PD, Yamada Y, et al. Mast cells

chemotax to laminin with enhancement after IgE-mediated
activation. J Immunol 1989; 143: 4188-92.

. Chakravarty N, Yu WJ. Regulatory role of calcium on

histamine secretion. Agent Actions 1986; 18: 57-60.

35. Pearce FL, Ennis M, Truneh A, White JR. Role of intra- and

extracellular calcium in histamine release from rat peritoneal
mast cells. Agent Actions 1981; 11: 51-4.

. Knudsen T, Johansen T. The mode of inhibition of -Ka

pump activity in mast cells by calcium. J Pharmacol 1989;
98: 1119-26.

Johansen T. N&* pump activity in rat
peritoneal mast cells: inhibition by extracellular calcium. Br
J 1989; 96: 773-8.

Bertelsen H, Johansen T. Extracellular magnesium decreases
the secretory response of rat peritoneal mast cells to
compound 48/80 in vitro. Life Sciences 1991; 49: 1689-97.

Correspondence: Mustafa SENOL, MD
Inonii Universitesi Tip Fakiiltesi
Dermatoloji ABD
44300 MALATYA

Tel: 422-323 1753

Fax: 422-341 0036

283



