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Abstract—Polyunsaturated fatty acids (PUFA: arachidonic and linoleic acid) release histamine from
isolated purified rat serosal mast cells only in the presence of oxidizing systems such as phenobarbital-
induced rat liver microsomes, prostagtandin-H-synthetase (PHS) or soybean lipoxygenase. The release
of mast cell histamine by activated PUFA has a long time-course and the electron microscopical features
are consistent with an exocytotic secretion in the case of arachidonic acid and cell lysis in the case of
linoleic acid. The phenomenon is associated with a significant increase in malonyldialdehyde (MDA)
and conjugated diene generation, suggesting a relationship between histamine release and membrane
lipid peroxidation. The secretion of histamine was inhibited by anti-free radical interventions such as
D-mannitol, reduced glutathione and a-tocopherol. Some cyclooxygenase and lipoxygenase inhibitors,
cimetidine and carnitine derivatives, are differentially active in the inhibition of mast cell histamine
release by activated arachidonic acid. These results suggest that free radical derivatives of PUFA,
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generated by metabolic activation, trigger mast cell histamine release.

There is extensive evidence demonstrating that oxy-
gen centered free radicals release mast cell histamine
in various experimental conditions. Active species
of oxygen generated in vitro by xanthine oxidase and
hypoxanthine (XOD-HPX) release histamine from
1solated rat mast cells without causing nonspecific cell
lysis [1], and oxy-radicals produced in the oxidative
burst of eosinophils and neutrophils [2-4] have been
shown to initiate mast cell histamine secretion. His-
tamine release was also reported to occur when rat
peritoneal mast cells are kept in hyperoxia, in a way
which is linearly related to the oxygen tension [5].

A second model of histamine release by free rad-
icals has recently been inferred from experiments
showing that a host of xenobiotics such as paracet-
amol, cocaine and mitomycin C, all known to be
activated into free radical species in vivo and in vitro
[6-8], produce the release of histamine from rat
serosal mast cells only in the presence of oxidizing
systems (rat liver microsomes; prostaglandin-H-syn-
thetase, PHS [9-11]).

The PHS catalysed oxidation of arachidonic acid
may be regarded as a third source of endogenously
generated free radicals. The radical nature of this
reaction was suggested by the observation of an
electron paramagnetic resonance signal following
addition of substrate fatty acids to seminal vesicle
microsomes [12]. Moreover, using the ESR spin-
trapping technique, a free radical involved in the
oxygenation of arachidonic acid by ram seminal ves-
icle microsomes has been identified as having the
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structure of a carbon-centered conjugated fatty acid
free radical [13], and a free radical chain mechanism
has been proposed to explain the conversion of
arachidonic acid to the bicyclic endoperoxide PGG,
[14]. Another intermediate of arachidonic acid oxi-
dation, 15-hydroperoxy-eicosatetranoic acid (15-
HPETE) has been more recently shown to decom-
pose into carbon-centered radicals upon heme or
ram seminal vesicle-catalysis [15]. De Groot et al.
[16] have clearly demonstrated the involvement of a
free radical in the oxidation of linoleic acid by
soybean lipoxygenase using a water-soluble spin trap
to detect the carbon-centered conjugated dienyl lino-
leic acid free radical, and an oxygen-centered free
radical has been more recently identified in the
lipoxygenase-linoleic acid system, using a different
spin trap (a~4-pyridyl-1-oxide-N-t-butylnitrone) [17].

These observations prompted us to study whether
the in vitro activation of polyunsaturated fatty acids
(PUFA) by a variety of oxidizing systems could lead
to mast cell histamine release, and to define the
nature of the releasing process.

MATERIALS AND METHODS

Chemicals. Arachidonic acid (99% pure), linoleic
acid (99% pure), prostaglandins (PGE,; PGF,,;
PGD,; 6-keto-PGF,,; PGI,), T,B, and LTE, were
purchased from Sigma Chemical Co. (Poole, U.K.).
Non-steroidal anti-inflammatory drugs included:
indometacin from Sigma; acetylsalicylic acid (ASA)
from Bayer AG (Leverkusen, F.R.G.), nordihy-
droguaiaretic acid (NDGA) from Sigma; D-man-
nitol from Merck (Darmstadt, F.R.G.), superoxide
dismutase (SOD) from Sigma; catalase from Wor-
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Table 1. Mast cell histamine and lactate dehydrogenase (LDH) release induced by arachidonic acid in
the presence of prostaglandin-H-synthetase (PHS)

Prostaglandin-H-synthetase*

Arachidonic acid*

M) N 100 mUnits 500 mUnits 1000 mUnits 5000 mUnits

Histamine release (%)

1077 6 4.7£22 183%1.4 25433 292=+19

10-° 8 109+ 1.5 227+ 4.1 32.3+47 36.2x43

10°° 8 12023 26.8 5.8 353+3.0 37.3%59

1074 8 19.0x2.1 29728 38.8+5.1 44822
LDH release (%)

1077 6 4221 6.2*14 53x23 42=*1.2

10-° 6 5717 6.9*1.3 58*1.2 6324

1073 6 4821 58x1.2 7.7+ 1.8 7426

104 8 6.3+4.1 6.3*x1.3 6.8*+24 83+24

* At the given concentrations both arachidonic acid and PHS, when incubated alone, produced only
negligible histamine release which was subtracted from all the values.
The values are expressed as means * SE of the reported number of experiments performed in

duplicate.

Table 2. Mast cell histamine and lactate dehydrogenase (LDH) release induced by
arachidonic acid in the presence of $10 mix liver microsomes from phenobarbital treated

rats
$10 Mix liver microsomes*
Arachidonic acid*
M) N 200 ul 400 ul 600 ul
Histamine release (%)
1076 6 18.9 £ 2.7 323+53 44.8 3.6
1073 6 28.7£3.6 41.3+3.1 487353
107¢ 6 328+24 437438 49.6 £ 6.2
LDH release (%)
107 6 6.3x1.1 69+2 43+x26
1073 6 7.1£26 83+1.8 8.4+19
1074 6 83=x31 7.8 6 7.1+23

* At the given concentrations, both arachidonic acid and S10 mix liver microsomes,
when incubated alone, produced only negligible histamine release which was subtracted

from all the values.

The values are expressed as means = SE of the reported number of experiments

performed in duplicate.

thington Biochem; DL-a-tocopherol and reduced
glutathione (GSH) from Sigma; L-acetyl carnitine
and L-propionyl carnitine were kindly provided by
Sigma Tau. Prostaglandin-H-synthetase (PHS) puri-
fied from calf seminal vesicles was purchased from
Miles and soybean lipoxygenase from Sigma. The S-
10 mix liver homogenate fractions were prepared
from the liver of phenobarbital treated rats (75 mg/
kg per day intraperitoneally for 6 days) according
to Garner et al. [18]. The protein content of the
enzymatic preparation was adjusted 7.5 mg/mL and
the activity was 0.15 units/g protein. One unit of the
enzymatic activity was defined as the enzyme that
catalyses the formation of 1 umol PGE, per min.
Analysis of arachidonic acid metabolism. The incu-
bation of arachidonic acid (107°M) with PHS
(1000 mUnits) was carried out at 37°, gas phase air,
in a medium of the following composition: 145 mM
NaCl; 0.9 mM CaCl,; 2.4 mM KCI; 0.45 mM MgCl,;
0.1% glucose; 0.1% human serum albumin

(Behringwerke, Marburg/Lahn, F.R.G.) adjusted
to pH 7.4 with 1% Sorensen phosphate buffer. After
30 min incubation the reaction was stopped by chill-
ing the tubes and one end product of arachidonic
acid metabolism, 6-keto-PgF,,, was evaluated by
radioimmunoassay techniques according to Coker et
al. [19].

Isolation of mast cells. Male Wistar albino rats
weighing between 200 and 400 g were used for the
experiments. Rats were anaesthetized in an atmos-
phere of ether and air and then killed by decapi-
tation. Saline (8 mL; NaCl 154 mM) adjusted to pH
6 with 10% Sorensen phosphate buffer were injected
into the peritoneal cavity of each rat and 2 mL of the
same solution were injected into the pleural cavity.
Peritoneal and pleural washings contained about 5%
mast cells. Isolation of mast cells from other cells
was achieved by density gradient centrifugation in
Ficoll, as previously described [20] or by using a
Beckman elutriation system (Rotor JE-6. chamber
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Table 3. Mast cell histamine and lactate dehydrogenase (LDH) release induced by arachi-
donic acid in the presence of soybean lipoxygenase

Soybean lipoxygenase™

Arachidonic acid*

M) N 100 mUnits 500 mUnits 1000 mUnits

Histamine release (%)

1077 4 73+14 9.7x1.8 123x26

107 4 8.2*36 10.2+43 143207

1073 4 7.0x2.1 109+ 2.1 16.2+1.8

1074 4 6.2 0.8 98+29 18.4 7.2
LDH release (%)

1077 4 2314 38+2.1 3.1+0.8

1076 4 3209 46=*18 4.7+x0.9

1073 4 24*0.8 52=+19 5421

107* 4 43 1.6 4907 5018

* At the given concentrations, both arachidonic acid and soybean lipoxygenase, when
incubated alone, produced only negligible histamine release which was subtracted from all

the values.

The values are expressed as mean * SE of the reported number of experiments performed

in triplicate.

size 4.5mL) according to Glick ez al. [21]. Evan’s
buffer was used as elutriation fluid consisting of NaCl
1383 mM; KCI 2.7 mM; glucose 6.5nM; Tris-HCl
2.5nM and 0.1% bovine serum albumin. The elu-
triation was carried out at 5° at the rotor speed of
2400 * 10 rpm for 1 hr and at a flow rate of 15mL/
min. Several fractions were collected by successive
increments in flow rate, according to Beaven et al.
[22].

A final yield of 90-95% pure mast cells was
achieved. Unless otherwise indicated the incubation
medium in which the mast cells were resuspended
had the same composition as that used to evaluate
the metabolism of arachidonic acid.

Incubation. Mast cell incubations were conducted
in 10 mL test tubes at 37° in a metabolic shaker for
30 min, unless otherwise stated; the gas phase was
air. The final composition of the incubations was
5% 10* mast cells and 2mL of the incubation
medium containing various concentrations of PUFA
(arachidonic acid and linoleic acid) alone or in the
presence of different amounts of the oxidizing sys-
tems (PHS, soybean lipoxygenase and $10 mix liver
microsomes), as indicated. The reaction was stopped
by chilling the tubes in an ice-water bath. Cells were
then separated from the medium by centrifugation
(400g for Smin) at 4° and histamine and lactate
dehydrogenase were measured in the supernatants
and in the pellets.

Histamine assay. Histamine was measured fluo-
rimetrically using the method of Shore er al. [23]
as modified by Kremzner and Wilson [24]. In the
supernatants, o-phthaldialdehyde was added directly
to the sample after alkalinization. The same pro-
cedure was used for the cells, after extraction with
HCI (0.1 M) using the method of Bergendorff and
Uvnis [25]. The authenticity of histamine in control
and treated cells was demonstrated either by record-
ing the excitation and fluorescence spectra or through
bioassay according to a two by two design [26].
Histamine release (supernatant histamine) was
expressed as a percentage of the total present in

the cells plus supernatant. Spontaneous histamine
release ranged between 1 and 8% and was
subtracted.

Lactate dehydrogenase determination. Release of
cytoplasmic LDH was assayed by measuring spectro-
photometrically the LDH catalysed reduction of
pyruvate to lactate in the presence of NADH, as
described by Bergmeyer and Bernt [27].

Determination of lipid peroxidation. The deter-
mination of lipid peroxidation in mast cell homo-
genate was based on the reaction of mal-
onyldialdehyde (MDA), the end product of lipid
peroxidation, with 2-thiobarbituric acid (TBA) to
form a pink-colored substance [28] and on the
measurement of conjugated dienes [29]. The reaction
mixture for MDA contained 0.2mL of sample,
0.2 mL of 2 mM chlortetramethoxypropane, 0.2 mL
of 8.1% sodium dodecylsulfate, 1.5 mL of 20% acetic
acid and 1.5 mL of 0.8% aqueous solution of TBA.
The mixture was made up to 4 mL with distilled
water and heated to 95° for 30 min. After cooling,
1 mL of the mixture of n-butanol and pyridine (15:1,
v/v) was added. The mixture was shaken vigorously,
centrifuged at 4000 rpm for 10 min, and the absorb-
ance of the organic phase (upper layer) was measured
at 532 nm [30].

For determination of conjugated dienes, lipids
were extracted from 0.4 mL of samples with 1 mL of
95% ethanol. After 1mL of a 60% glacial acetic
acid and 40% chloroform solution plus 0.2 mg acetyl
thioglycolate per mL and 0.08 mL of a saturated KI
solution were added to the samples. After 15 min
the mixture was titrated with standard iodine and
diene absorbance was measured at 234 nm [29].

Morphology of isolated mast cells. Isolated mast
cells were incubated for 30 min at 37° in the medium
previously described containing various concen-
trations of PUFA, alone or in the presence of the
specific oxidizing system (PHS, soybean lipoxy-
genase). The cells were then collected by cen-
trifugation and fixed by the addition of a double
volume of cold glutaraldehyde (3% in 0.1 M Na-



882 E. MaAsini er al.

wd
g
5 :
- 60[‘
e
o
50»
x
W 4o}
(3}
<
W o3or
uwl
o
20+
w
z
2 10p
<<
3—'
@ NV S S VR
T W w0t W’ w0t Wt ot

DRUGS [M]

-

< i

2 o]

-

& sor

X a0k

% aob

<<

ot

o 20k

x

T 10

o)

-
i A . besrrrmdoes ol

e w0 w7 16t w0t gt

pruGs [m]

Fig. 1. The release of histamine (a) and of lactate dehydrogenase (LDH) (b) from rat mast cells by
linoleic acid alone (O—CO) and in the presence of PHS (500 mUnits; @—@). The values are expressed
as means * SE of six experiments in duplicate.
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Fig. 2. The release of histamine (a) and of lactate dehydrogenase (LDH) (b) from rat mast cells by
linoleic acid alone {O—O) and in the presence of soybean lipoxygenase (500 mUnits; @—@). The values
are expressed as means + SE of eight experiments in duplicate.

cacodylate buffer, pH 7.3, 0-4° for 15 min; room
temperature for 60 min). Post fixation was in 1%
osmium tetroxide in 0.1 M Na—cacodylate buffer at
room temperature, according to the procedure
described by Lawson er al. [31].

Statistical analysis. Significant differences in the
per cent histamine and LDH release among different
experimental groups were determined by the paired
t-test.

RESULTS

Interaction between the prostanoid generating system
and mast cell histamine release

The incubation of given concentrations of arachi-
donic acid (10~® M) with PHS (1000 mUnits) resulted
in the appearance of measurable amounts of 6-keto-
PgF, (2.5 ng/mL = 0.3; mean values of six experi-
ments).

Among the final products stemming from arachi-
donic acid metabolism either through the cyclooxy-
genase or lipoxygenase pathway, none of them was
capable of eliciting mast cell histamine release when
incubated with isolated purified mast cells (data not
shown). Arachidonic acid, up to the concentration
of 107*M, and PHS, up to the concentration of
5000 mUnits, failed to evoke any significant his-
tamine release when they were incubated separately
with rat mast cells (Table 1).

Effects of simultaneous incubation of PUFA with
oxidizing systems on mast cell histamine release

Table 1 shows the effects on mast cell histamine
release of combining a variety of concentrations of
arachidonic acid with PHS. It is apparent that a
substantial amount of histamine is released at any
given concentration of arachidonic acid when in the
presence of a suitable amount of PHS. The release
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Fig. 3. The release of histamine (a) and of lactate dehydrogenase (LDH) (b} from rat mast cells by
linoleic acid alone (O—0) and in the presence of S16 mix liver microsomes from phenobarbital treated
rats (400 uL; @—@). The values are expressed as means + SE of six experiments in duplicate.

of histamine increased as a function of both the
concentrations of arachidonic acid and PHS.
However, the increase in the release of histamine
was not linear, and almost reached saturation at high
concentrations of both arachidonic acid and PHS.
Similar results were obtained when mast cells were
incubated with arachidonic acid in the presence of
$10 mix liver microsome fractions obtained from
phenobarbital treated rats (Table 2). A lower but
stifl significant release of histamine was obtained
by the incubation of arachidonic acid with soybean
lipoxygenase (Table 3). It is worth noting that the
release of histamine was not concomitant with any
significant appearance of LDH in the supernatants
{Tables 1-3).

Linoleic acid behaves differently from arachidonic
acid. In fact, when incubated alone with rat mast
cells, linoleic acid (10~%-10"* M) fails to evoke any
significant release of histamine (Figs 1-3). However,
when incubated with a fixed concentration of PHS,
linoleic acid elicits a concentration-dependent his-
tamine release (Fig. 1). Linoleic acid was also acti-
vated to release histamine by the more specific
oxidizing system, soybean lipoxygenase (Fig. 2) and
by phenobarbital-induced rat liver microsomes (Fig.
3). Unlike arachidonic acid, the release of histamine
was linear with the concentrations of linoleic acid,
and in any case was coupled with a progressive
increase of LLDH release in the supernatants.

Definition of mast cell histamine release induced by
activated PUFA

The time-course of mast cell histamine release
induced by activated PUFA is shown in Fig. 4. The
releasing process evoked by arachidonic acid and
linoleic acid in the presence of PHS increases almost
linearly in the first 15 min of incubation and reaches
the plateau between 15 and 20 min; at that time the
release is definitely maximal.

A relationship was found between the release of
histamine by activated PUFA and lipid peroxidation
as measured by the generation of MDA and con-
Jjugated dienes {(Fig. 5). In duplicates from the same

-
<
) *—e ARACHIDONIC ACID 16°M
F B8 LINOLEIC ACID 10°M
w
O 5o}
®
w 40
7
S
u 304
w
o
20¢
w
2
§ 104
o
- i i i i i e
T 2 s 10 15 20 30 min

TIME
Fig. 4. Time-course of mast cell histamine release induced
by PUFA in the presence of PHS (500 mUnits). The values
are expressed as means = SE of six experiments in dupli-
cate.

inoculum, both arachidonic acid and linoleic acid
release a parailel amount of histamine and MDA
from rat mast cells, in the presence of PHS.
However, activated linoleic acid is associated with
higher levels of lipid peroxidation in comparison with
activated arachidonic acid (Fig. 5b and ¢).

The electron microscopic analysis of the effect of
the various treatments on rat mast cells is reported in
Fig. 6. Cell morphology was unaltered by incubation
with arachidonic acid or linoleic acid alone (Fig.
6a and c¢). The features of mast cells exposed to
arachidonic acid in the presence of PHS were con-
sistent with a process of sequential exocytosis (Fig.
6b), while the features of mast cells exposed to
activated linoleic acid (Fig. 6d and e) were consistent
with a process of cytotoxic cell disruption.

Effect of drugs on mast cell histamine release induced
by activated PUFA

We have previously reported that some free radical
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scavengers abated the release of histamine induced
by the incubation of arachidonic acid with PHS [11].
This is also true for linoleic acid (Table 4). Free
radical scavengers (D-mannitol, GSH and a-toc-
opherol) were capable of significantly reducing the
release of histamine induced by linoleic acid in the
presence of soybean lipoxygenase. It is worth noting
that, at the concentrations used, these drugs did not
modify the release of histamine induced by com-
pound 48/80 in rat serosal mast cells.

A variety of cyclooxygenase and lipoxygenase
inhibitors were studied for their effects on mast cell
histamine release induced by activated arachidonic
and linoleic acid (Fig. 7). At concentrations of the
same magnitude as those found in pharmacological
treatments in vivo (10~-1073 M), acetylsalicylic acid
was more active than nordihydroguaiaretic acid.

It is worth noting that acetylsalicylic acid, at the
same concentrations capable of blocking the release
of histamine by activated arachidonic acid, did not
modify the histamine release from rat serosal mast
cells induced by graded doses of compound 48/80
(data not shown).

In previous experiments we have demonstrated a
protective effect on histamine release and reper-
fusion arrhythmias afforded by carnitine derivatives
and by cimetidine [32]. Figures 8 and 9 show that
two carnitine esters inhibit the release of histamine
by PHS-activated arachidonic acid and that cime-
tidine, but not ranitidine, reduces the release of
histamine under the same circumstances, although
at high concentrations. None of these drugs afford
any protection toward the release of histamine by
compound 48/80 in rat serosal mast cells (data not
shown).

DISCUSSION

The present experiments confirm and extend our
previous reports on the release of mast cell histamine

by free radicals, generated in vitro during the meta-
bolic activation of xenobiotics or in the ischemia-
reperfusion model [11]. Many circumstantial evi-
dences also suggest that the release of histamine is
an indirect phenomenon, driven by a free radical
mechanism. In fact, arachidonic acid and linoleic
acid fail to produce the release of histamine in any
significant amount when incubated alone with rat
serosal mast cells, but acquire histamine releasing
properties in the presence of specific oxidizing
systems. There is direct proof [13,17,33-35] that
arachidonic acid and linoleic acid generate free rad-
icals when activated in vitro by specific oxidase (PHS;
cytochrome P-450; soybean lipoxygenase).

Moreover, membrane phospholipid attack by free
radicals leads to lipid peroxidation which can be
evaluated in biological samples by a variety of
methods [36], such as the measurement of thio-
barbituric (TBA) reactive species and conjugated
dienes [28,29]. The present results have shown a
linear relationship between the release of histamine
by activated PUFA and the appearance of lipid per-
oxidation products, thus suggesting that lipid per-
oxidation is a consensual event to histamine release.
However, more pronounced lipid peroxidation
seems to take place in the case of activated linoleic
acid.

It is therefore conceivable that free radicals,
formed during the metabolic activation of PUFA,
would produce both the release of histamine and the
peroxidation of membrane phospholipids. We are
aware that prostaglandin endoperoxides or their
derivatives account for significant proportions of
TBA-reactive substances found in serum [37] and
that auto-oxidation of PUFA is a suggested mech-
anism for the formation of TBA-reactive material
from prostaglandin-like endoperoxides [38]. How-
ever, a linear relationship between the release of
histamine and the production of TBA-reactive com-
pounds was also found when mast cells were chal-
lenged with different free radical generating systems,
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Fig. 6. Electron micrographs of isolated rat mast cells incubated in Tyrode’s buffer, pH 7.4 with

arachidonic acid alone (a; 107%M x 6000) or supplemented with PHS 500 mUnits (b; x10,000); with

linoleic acid alone {c; 107*M X 6000) or supplemented with PHS 500 mUnits (d; x 10,000} or soybean
lipoxygenase 500 mUnits (e; x7500).
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Table 4. Effect of free radical scavengers on mast cell histamine release induced by linoleic acid
(107° M) in the presence of soybean lipoxygenase (500 mUnits)

Histamine release

Inhibition of
histamine release

(%)* (%) N

Linoleic acid plus 10°M
soybean lipoxygenase 500 mUnits 443x173 — 6
SOD 50 meg 362+35 — 4
Catalase 50 mcg 47842 — 4
D-Mannitol 10°M 356+4.8 — 6
D-Mannitol 1072 M 18.4 £ 2.7+ 58.4 6
GSH 107*M 36.8+5.6 — 4
GSH 107°M 19.7 + 7.2+ 55.5 4
a-Tocopherol 107*M 20.4 £ 3.2 53.5 6

The values are expressed as means + SE of the reported number of experiments performed in

duplicate.

* The cells were incubated for 30 min at 37° in a buffered salt solution pH 7.4 with the drugs

and the releasing system.
i P < 0.005.
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values are expressed as means *+ SE of five experiments in triplicate.

thus supporting the hypothesis that lipid per-
oxidation products originate from free radical-driven
membrane peroxidation, rather than from the auto-
oxidation of arachidonic or linoleic acid [39].

A further indirect proof of the involvement of
free radicals in the release of histamine by activated
PUFA comes from the experiments carried out with
free radical scavengers. The preferential inhibition
of the release of histamine by activated PUFA
induced by some free radical scavengers (GSH; a-
tocopherol; D-mannitol) and the lack of effects by
others (superoxide-dismutase, SOD; catalase) is in
keeping with our previous results using other sources
of free radicals [10, 11]. The differential sensitivity

of the histamine-releasing process toward the free
radical scavengers allows one to speculate about the
nature of the radical(s) tentatively involved. A free
radical chain mechanism has been proposed to
explain the conversion of arachidonic acid to PGG
and to S-HEPETE [14]; free radicals are also gen-
erated during the reduction of PGG to PGH, and in
the oxygenation of linoleic acid by soybean lipoxy-
genase [17]. To these purported promoters of mast
cell histamine release it should be worth adding the
hydroxy! radical, since the hydroxyl radical scaven-
ger, D-mannitol, is the most active compound capa-
ble of abating the mast cell histamine release induced
by activated PUFA. It is also worth noting that a
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transient formation of superoxide radical, a pre-
cursor of hydroxyl radical, has been reported to
be involved in PUFA-induced brain swelling [40].
However, we are aware that the evidence of a free
radical-driven release of histamine is only cir-
cumstantial, and must await the unequivocal dem-
onstration of free radical production by adequate
techniques.

The release of histamine by activated PUFA has
two distinct features. In fact, the release of histamine
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induced by linoleic acid in the presence of a variety
of oxidizing systems is associated with a concomitant
release of LDH and with an electron-microscopic
pattern of cell lysis. Arachidonic acid releases his-
tamine without any leakage of LDH and with an
electron-microscopic pattern of sequential exocyto-
sis. This implies that arachidonic acid and linoleic
acid produce different reactive species, capable of
causing a perturbation of plasma lipid membranes
leading to cytotoxic release or to an active exocytotic
secretion of histamine. Both these processes are
consistent with a role for free radicals in cell patho-
physiology. Destruction of pancreatic fS-cells by
alloxan and dialuric acid [41, 42], erythrocyte hem-
olysis by naphtoquinonesulfate [43], bacteriolysis by
streptonigrin [44] are examples of cell disruption
related to membrane lipid peroxidation due to the
generation of free radicals.

The possibility that the metabolic activation of
PUFA could lead to free radical species capable
of triggering the sequential exocytosis of mast cell
granules is even more interesting. When mast cells
are challenged in vitro with some free radical gen-
erating systems, the release of histamine was coupled
with a net increase of free cytosolic calcium [45],
while no substantial breakdown of polyphospho-
inositides was observed [39, 45]. Calcium ionophore
A 23187 behaves in a similar fashion by promoting
the concomitant secretion of mast cell histamine and
an increase in cytosolic calcium without affecting
the hydrolysis of inositol phospholipids [39, 45]. The
similarity between calcium ionophore and free rad-
ical generating systems in the biochemical events
linked with mast cell histamine release suggests that
free radicals behave as endogenously formed calcium
ionophores, capable of triggering the sequential
exocytosis of histamine containing granules. How-
ever, Ca’* ionophores activate the hydrolysis of
inositol phospholipids in rat basophil leukemia cells
[46] and phosphatidylinositol turnover was slightly
increased in antigen sensitized rat peritoneal mast
cells stimulated with antigen or with concanavalin A
[47). The discrepancy within these results could be
accounted for by the different mechanisms of his-
tamine release in different cell populations (basophil
leukemia cells versus rat mast cells), or in the same
cells challenged with different stimuli (antigen; con-
canavalin A; ionophore A 23187).

From this perspective, pharmaceutical compounds
which allegedly react with free radicals are worthy
of a thorough analysis: cimetidine and carnitine abate
the release of histamine by activated arachidonic
acid, probably by trapping the generated free
radical(s). In fact, none of the drugs which in the
present experiments inhibit the release of histamine
by activated arachidonic acid, was shown capable of
influencing the release of histamine induced by a
classical secretagogue, such as compound 48/80 or
calcium ionophore.
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