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Ffufenamic acid, a non-steroidai anti-inflammatory drug, 
inhibits compound 48/80 and antigen-induced histamine 
release from rat mast cells in uitro [1, 21. Available cellular 
ATP is necessary for histamine release from mast cells by 
these agents [3,4] and non-steroidal anti-inflammatory 
drugs (NSAID) (including tlufenamic acid) are thought to 
inhibit histamine release by depleting mast cell ATP con- 
tent [l, 51. 

Some histamine-releasing agents such as antigen require 
the presence of extracellular calcium in the histamine 
release process in vitro{& 71. Calcium itself will induce 
d~ranu~tion and histamine release when injected directly 
into a rat mast &I by micropi~tte~81, and the calcium 
ionophore A23187 is -a potent hi&&e releaser in the 
uresence of calcium ions f9.101. Comuound 48180 differs 
irom antigen and A23187-iA &at it licks an a&solute re- 
quirement for extracellular calcium ions when releasing 
histamine from mast cells [7,11]. However, the compound 
48/80 release reaction is potentiated by extracellular cal- 
cium [ 1 l] and is thought to utilize a tightly bound intracel- 
lular pool of calcium when extracellular calcium is unavail- 
able [ 123, although the precise role of calcium in the hista- 
mine release reaction remains unclear /13]. Changes in cal- 
cium permeability induced by histamine liberators [14, IS] 
are thought to be involved intimately in the release mech- 
anism and have been suggested to be energy depen- 
dent [lb191. 

The present study describes the effect of flufenamic acid 
on compound 48/80- and A23~87-indu~d histamine 
release from rat mast cells in the presence of variable cai- 
cium concentrations. This study was designed to investi- 
gate if part of the activity of flufenamic acid on mast cells 
was related to drug-induced interference with the functions 
of calcium in the histamine ielease process. 

Mast cell preparation. Rat peritoneal cells were collected 
from male Fullensdorf albino rats essentially following the 
method of Johnson and Moran [20] but using a c&urn- 
free buffered salt solution for performing peritoneal lavage 
(N&i 150 mM, KCI 2.7 mM, Na,HPO, 3 mM, KH,PO, 
3.5 mM, dextrose 5.6 mM, and bovine serum albumin 
0.07%; pH 7.0). Further separation of the mast cells was 
not performed. The histamine released from suspensions 
of rat peritoneal ceils comes from the mast ceil subpopula- 
tion [21]. 

Must cett inaction. The cells collected from four rats 
were resuspended in 3-4 ml of a calcium-free salt solution 
(NaCl 150 mM. KCI 2.7 mM, HEPES* buffer 20 mM, dex- 
trose 5.6 mM, and bovine serum albumin 0.07%; pH 7.0). 
Aliquots (301.~1 of the concentrated peritoneal cells were 
added to 1.5 ml of the HEPES buffer salt solution (HBSS) 
giving a tinai mast ceil count of lCO,Of%-200,000 mast 
cells/ml. Variations in the concentrations of calcium and 
dextrose were made in different experiments. The HEPES 
buffer allowed the calcium concentrations to be increased 
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to 10.8 mM without precipitation of calcium. Small 
volumes (2&40$) of flufeaamic acid (7SmM) dissolved 
in calcium and dextrose-free HBSS were added prior to 
cell incubation. After incubation at 37” (15 min unless 
otherwise stated), 22.5 hl of an aqueous solution of com- 
pound 48/80 (final concentration, 150 ng/ml) or 16.5 ~1 of 
the diluted stock solution of A23187 (final concentration, 
10e6 M) was added for a further 5-min incubation. A23187 
was dissolved according to Prince et al. [22] and a stock 
solution of 0.91 x 10e3 M dissolved in 5% acetone and 
95% ethanol was kept at -20”. A one in ten dilution of 
the stock solution in ethanol was made prior to use. The 
~n~ntrations of ethanol and acetone did not influence 
the retease of histamine or its measurement. The cells were 
centrifuged at 250 g for 5 min at 4”. 

Histamine measurement. The histamine released into the 
supematant was measured directly using an automated 
fluorometric procedure? based on the method of Shore 
et al. [23]. The alterations in calcium and dextrose concen- 
trations of the media studied and the presence of flufena- 
mic acid in the media at the concentrations used did not 
interfere with the measurement of histamine. Maximum 
releasable histamine was determined by disrupting mast 
cells by boiling and then measuring the histamine in the 
supematant. Control incubations with and without flufena- 
mic acid and in the absence of releasing agent were per- 
formed in all experiments. After subtraction of the relevant 
control m~surements (mean &- S. E. of three esti~tions~ 
his~~ne release was expressed as the percentage of maxi- 
mum releasable histamine. 

ATP mectsurement. Small aliquots (50 fi) of the cell incu- 
bation mixture were removed after 1Omin for measure- 
ment of ATP content as previously described [SJ. The ATP 
content was expressed as ng/ml of the incubation mixture. 
Variation of calcium content in the media or the presence 
of 0.2 mM flufenamic acid did not interfere with the biolu- 
minescence assay for ATP. 

Chemicals. Flufenamic acid was kindly donated by Parke 
Davis & Co., Australia, and A23187 by Eli Lilly Co., Aus- 
tralia. Comnound 48180 and HEPES buffer were our- . , - 
chased from Burroughs Welcome. Australia, and bovine 
serum albumin, ATP and buffered firefly lantern extract 
from the Sigma Chemical Co., (St. Louis, MO. U.S.A.). 
All other reagents were of the highest analytical grade 
commercially available. 

Submaximat histamine release from rat &I% ceils by 
compound 48/80 (150ng/ml) declined rapidly as the cal- 
cium concentration approached 9 mM (Fig. 1). In the 
absence of dextrose, flufenamic acid inhibited compound 
48/80_induced histamine release over the range of calcium 
concentrations studied (Fig. 1, panels (a) and(b)). The pres- 
ence of dextrose in the medium opposed the inhibitory 
activity of flufenamic acid at low and near physiological 
(0.9 mM) calcium concentrations as expected (Fig. 1. panels 
(cc) and (d)). However, at higher calcium concentrations, 
the drug enhanced the compound 481’80 histamine release 
compared to controls (Fig. 1. panels (c) and (d)). This effect 
was not due to enhanced spontaneous histamine release 
by flufena~c acid.. 
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Fig. 1. Effect of flufenamic acid (M) at concentrations 
of 0.08 mM (a and c), 0.125 mM (b) and 0.2 mM (d) on 
compound 48/80_induced (final concentration, 150 n&ml) 
histamine release (control histamine release, (M) in 
the presence (c and d) and absence (a and b) of dextrose, 
5.6 mM. Each point is the mean f S. E. of four estimations 
from which the appropriate spontaneous histamine release 
(mean f S. E. of three estimations) has been subtracted. 
Spontaneous histamine release at “high” or “low” calcium 
concentrations was not significantly different from controls 
(P > 0.05) for any of the concentrations of flufenamic acid 
studied, although greater than controls in some experi- 
ments. Spontaneous histamine release was 3-13 per cent 
for these experiments. Maximum histamine release ranged 
from 1 to 3.5 &ml (10’ mast cells/ml) for all experiments. 
Significant differences between drug and control means are 
labeled (* = P < 0.01; ** = P < 0.05; unpaired two-tail 
t-test). Drug and control means were significantly different 
(P < 0.01) for all calcium concentrations less than 3.6 mM 
calcium in Fig. la and less than 9 mM calcium in Fig. 

lb. 

The facilitation of compound 48/80-induced histamine 
release by preincubation of the cells with flufenamic acid 
(0.15 mM) in the presence of 9 mM calcium was apparent 
after 30 set, progressed for 10 min and was sustained for 
at least 30min preincubation. The presence of dextrose 
was necessary to demonstrate this facilitation of histamine 
release, the optimal concentration being greater than 
1 mM. The amount of facilitation observed varied some- 
what with different cell preparations but was consistently 
present. 

Flufenamic acid inhibited histamine release induced by 
the calcium ionophore A23187 at physiological calcium 
concentrations (Fig. 2). However, at low calcium ion con- 
centrations and with dextrose in the medium, facilitation 
of release occurred (Fig. 2a). 

ATP levels of the peritoneal cells incubated in 0, 0.9 
and 9 mM CaC12, respectively, were not significantly differ- 
ent (Table 1). Flufenamic acid (0.15 mM) significantly 
reduced the cellular ATP content independent of the cal- 
cium content of the medium (Table 1). A greater drug- 
induced reduction in ATP content was observed if dextrose 
was absent from the incubation medium (Table 1). 

These data indicate that low concentrations of fiufena- 
mic acid oppose the inhibitory effects of high concen- 
trations of calcium on 48/80-induced histamine release and 
low concentrations of calcium on A23187-induced hista- 
mine release but only if dextrose is present in the media. 
These effects of flufenamic acid occur despite concomitant 
drug-induced reductions in peritoneal cell ATP levels. Nor- 
mally a fall in peritoneal mast cell ATP levels would tend 
to reduce histamine release as there is a linear relationship 
between the amount of histamine released from rat mast 
cells and their ATP content prior to challenge with a hista- 
mine liberator [S. 24.251. In the presence of dextrose, the 
effect of the drug-induced reduction of cellular ATP appar- 
ently is overshadowed by the drug-induced removal of the 
inhibitory effects of the “high” and “low” calcium concen- 
trations on 48/80 and A23187 histamine release respect- 
ively. Histamine release is thus enhanced. However, when 
dextrose is absent, flufenamic acid causes a greater fall in 
ATP levels and consequently any drug-induced interfer- 
ence with the inhibitory activity of high and low calcium 
concentrations is masked, as the cellular ATP level tinally 
determines the amount of histamine that can be released. 
It should be noted that, although the mast cells are only 
a subpopulation of the peritoneal white cells used to 
measure ATP levels in this study, it is unlikely that there 
would be differential alterations in cellular ATP levels in 
such a cell population [S]. 

Colclum. mM 

Fig. 2. Influence of flufenamic acid (M), 0.15 mM, on 
A23187-induced (final concentration. low6 M) histamine 
release (control release, M) in the presence (a) and 
absence (b) of dextrose, 5.6mM. Each point is the 
mean f S. E. of three estimations minus the relevant spon- 
taneous histamine release (mean k S. E. of three estima- 
tions). Significant differences between drug and control are 
labeled (* = P < 0.01; ** = P < 0.05; unpaired two-tail 
r-test). Absolute mast cell histamine content was as de- 
scribed in Fig. 1. Spontaneous histamine release was less 

than 7 per cent for these experiments. 
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Table 1. Effect of flufenamic acid on ATP levels of the rat peritoneal cell sus- 
pension at 0,0.9 and 9 mM calcium with and without dextrose in the medium* 

ATP (ng/ml supematant) 
No Dextrose Dextrose (5.6 mM) 

Calcium Flufenamic acid Flufenamic acid 
(mM) Control (0.15 mM) Control (0.15 mM) 

0 30.7 f 0.5 6.0 k 0.2 34.6 f 0.3 20.0 f 0 
0.9 29.0 f 0.9 6.4 + 0.2 35.4 + 0.8 20.6 + 0.5 
9 31.0 f 1.5 5.6 f 0.4 34.0 f 2.0 19.3 + 0.5 

* Each value is the mean f S. E. of four estimations. Significant differences 
between controls and flufenamic acid-treated cells *were noted (P < 0.01, two- 
tail unpaired t-test). There were no significant differences (P > 0.05, one-way 
analysis of variance) between control values at 0, 0.9 and 9.0 mM calcium for 
dextrose and non-dextrose treated cells respectively. 

The explanation for the divergent actions of flufenamic 
acid on 48/80- and A23187-induced histamine release, re- 
spectively, is unknown but may reflect the differences in 
the release mechanisms of these two histamine liberators 
(apparent from this work and that of Diamant and Pat- 
kar [16]) and/or different roles for calcium in the release 
processes. However, these observations do suggest that this 
drug may interfere with the movements and/or functions 
of calcium in the histamine release reactions induced by 
compound 48/80 and A23187. There is evidence that flu- 
fenamic acid and other NSAID can affect cation transport 
across membranes [26,27]. Northover [28] demonstrated 
that flufenamic acid and other NSAID can inhibit the 
ATP-dependent uptake of calcium by the membranes of 
endothelial cells and suggested that this activity of NSAID 
may be related to their anti-inflammatory action. Whether 
the demonstrated effects of the interaction of flufenamic 
acid and calcium on histamine release from mast cells are 
common to other NSAID or of importance in the mode 
of action of NSAID requires further study. 
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