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INTRODUCTION

The possible role of sulphidoleukotrienes in human allergic
disease has been the object of a number of studies by the
author. The aim was to discover whether sulphidoleukotrienes
could imitate pathophysiologic features of the immediate al-
lergic reaction in the human skin, nose and lung. Furthermore,
the studies addressed the question: do sulphidoleukotrienes
occur in increased quantities during the allergic reaction in the
human skin and airway mucosa. The known methods restricted
the pursuit of these goals. Accordingly, it became an essential
prerequisite to adapt and develop new methods for the studies,
methods which may be of value in future investigations of me-
diators in human diseases.

The studies were commenced in 1982, shortly after the origi-

nal synthesis of sulphidoleukotrienes. The early study planning
was therefore based on a very limited supply of sulphidoleuko-
trienes and no available reports of the effects in man. These
factors, of necessity, determined the initial aims, i.e., to screen
an array of possible effects of the sulphidoleukotrienes rather
than intensive studies within selected organs.

The results obtained are reviewed in this thesis and compared
with current knowledge in the field, updated to the turn of the
year 1986. A short introductory review is given on the bio-
chemistry of sulphidoleukotrienes, and the pathophysiology of
allergic diseases relevant to the aims stated above.

Copenhagen, September 1987




Chapter 1

BACKGROUND

1 HISTORY OF SULPHIDOLEUKOTRIENES

In 1938 Feldberg and Kellaway described a unique muscle con-
tracting activity in the eluate from a guinea-pig lung prepara-
tion perfused with the venom from a cobra snake. It was subse-
quently found after allergen challenge of a sensitized lung pre-
paration (Kellaway 1940). The biologic activity was termed
slow reacting substance of anaphylaxis, SRS-A, due to a pro-
tracted muscle contraction. It has long been suspected to be an
important mediator of the bronchospasm associated with ana-
phylactic reactions (Brocklehurst 1962), although exact know-
ledge has been limited due to the very small quantities of puri-
fied SRS-A available. For the same reason, the chemical de-
scription of the SRS-A turned out to be difficult. Many lab-
oratories participated in the search for a chemical definition,
which was not successful until 1979, when it was defined as a
new group of arachidonic derivatives, the sulphidoleukotrienes
(reviewed by Sirois 1980; Borgeat 1981; and Samuelsson 1980
and 1983). This breakthrough enabled subsequent synthesis of
these mediators, as well as the development of techniques for
their measurement.

2 SULPHIDOLEUKOTRIENE BIOCHEMISTRY

2.1 Sulphidoleukotriene chemistry.

Leukotrienes (LT) are 20-carbon unsaturated fatty acids. They
are typified by a triene structure which is responsible for the
suffix of the leukotriene designation, while the prefix arose
from leukocytes as the original source of purification. The total
number of double bonds are indicated by the index.

LTC,, D, and E, constitute the biological activity previously
known as slow reacting substance of anaphylaxis. They are of-
ten grouped under the term SRS-A leukotrienes or peptido-
leukotrienes. As the conjugated glutathion is not actually a
peptide, it would be preferable to specify them by the unique
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thioether conjugation between the lipid and the sulphur con-
taining amino acid as cystineleukotrienes or sulphidoleuko-
trienes.

The molecular weight (g/mole) is 625 for LTC,, 496 for
LTD, and 439 for LTE,. The sulphidoleukotrienes are chemi-
cally unstable and considerable loss of biological activity has
been demonstrated after freezing and at acidic pH (Westcott
1984).

2.2 Sulphidoleukotriene biosynthesis and metabolism
Leukotrienes are enzymatic products of arachidonic acid (eico-
satetraenoic acid), which is derived from the essential fatty acid
linoleic acid, and is present in the cell membrane in the esteri-
fied form. It has been suggested that stimulation of the cell by
bridging of IgE Fc receptors causes pertubation of membrane
phospholipids and an early rise in the cellular level of cCAMP,
followed by methylation of membrane phosphatidylethanola-
mine to phosphatidylcholine, which in turn may cause an influx
of Ca** through the cell membrane. An increased Ca** level
stimulates a phospholipase (A,) which will liberate arachidonic
acid from the available phosphatidylcholine (reviewed by Hi-
rata 1980 and Ishizaka 1984). This concept has recently been
challenged (Holgate 1985). Another putative supply of arachi-
donic acid stems from the activation of another phospholipase
(C), which cleaves phosphatidylinositol in the cell membrane
into diacylglycerol and inositoltrisphosphate. Diacylglycerol
yields arachidonic acid (reviewed by Irvine 1982), and inosi-
toltrisphosphate may increase the intracellular Ca** level
(Streb 1983).

The liberated arachidonic acid undergoes oxidative metabo-
lism by a number of microsomal (membrane) enzymes (Fig.
1.1). 5-,8-,12- or 15-lipoxygenases converts it to the correspond-
ing hydroperoxy-eicosatetraenoic acids (n-HPETE), which
will be reduced either to the corresponding hydroxy-eicosate-
traenoic acids (n-HETE) or in the case of 5-lipoxygenation, to
the unstable epoxide, 5,6-o0xido-7,9-trans-11,14-cis-eicosatetra-
enoic acid (LTA,). LTA, is processed by an epoxide hydrolase
to 58,12S-dihydroxy-6,14-cis-8,10-trans-eicosatetraenoic acid
(LTB,), or by a glutathione-S-transferase to 5S-hydroxy-6R-
S-glutathionyl-7,9-trans-11,14-cis-eicosatetraenoic acid (LTC,)
(Fig. 1.2). Removal of a glutamyl residue from LTC, yields
58-hydroxy-6R-S-cysteinylglycyl-7,9-trans-11,14 - cis-eicosate-
traenoic acid (LTD,), and removal of a glycyl moiety from
LTD, leaves 5S-hydroxy-6R-S-cysteinyl-7,9-trans-11,14-cis-ei-
cosatetraenoic acid (LTE,) (reviewed by Samuelsson 1983,

Fig. 1.2,
Leukotriene C,
(5S-hydroxy-6R-S-
glutathionyl-7,9-
trans-11, 14-cis-eico-
satetraenioc acid).




and Borgeat 1985). Leukotriene F, has been described after
the addition of glutamic acid to LTE, in in vitro systems,
although this leukotriene has not been conclusively demon-
strated in vivo.

Furthermore, arachidonic acid is the substrate for a cyclo-
oxygenase enzyme, which will form the unstable endoperoxi-
des, prostaglandin (PG) G, and H,. Isomerase conversion of
the endoperoxides yields PGD,, PGE,, and PGF,,, prostacyclin
(PGL) or thromboxane (TxA,). Prostanoids are the common
misnomer for the cyclooxygenase products, even though
thromboxanes are not actually prostaglandins.

LTC,, LTD, and LTE, seem to be qualitatively alike, though
their potency may differ. The final catabolism in vivo in hu-
mans is not as yet known. In vitro the sulphidoleukotrienes can
be converted extracellularly to the less active sulfones and inac-
tive sulfoxides as well as the chemotactically active 6-trans-
LTB, diastereoisomers, catalysed by H,0,, chloride ion, and
myeloperoxidase from activated human neutrophilocytes (Lee
1983), or eosinophil peroxidase from activated human eosino-
philocytes (Weller 1983; Henderson 1982). HOCI appears to
be the ultimate effector substance resulting from the interaction
between H,0,, peroxidase and chloride. Accordingly, HOCI
scavengers such as L-serine and glycine curtail the catabolism
(Lee 1982, 1983; Weller 1983). Peptidases found in abundance
in human plasma can inactivate sulphidoleukotrienes to
5,6-di-HETE residues. L-cysteine inhibits this catabolism (Kdl-
ler 1985). However, it is unknown whether these pathways are
relevant in vivo. Recent human studies have shown that the ma-
jority of tritium given intravenously as tritiated LTC, can be
recovered in the urine, mainly as tritiated LTE,; apparently 6-
trans-LTB, was not formed (Orning 1985).

The leukotrienes are not stored in the cells in a preformed
state. Appropriate stimulation activates the phospholipases
which then liberate the precursor for the synthesis of the var-
ious phospholipid derivatives. The precursor liberation is
thought to be a rate limiting step in this cascade in human cells,
but 5-lipoxygenase seems to require activation also (Borgeat
1979; Siegel 1981). The synthesis may be controlled by a mo-
dulatory effect of the cyclic nucleotides (Ishizaka 1984), and is
accordingly modulated by B,-receptor stimulation (Hughes
1983). Numerous positive and negative feed-back mechanisms
between the end products and the synthesizing enzymes control
the synthesis (reviewed by Borgeat 1983).

Although the precursor is found ubiquitously in the cell
membranes, the final outcome depends on the various enzymes
present within the cell. For example, the human airway epithe-
lium synthesizes large amounts of 15-HETE, but not
S-lipoxygenase products (Hunter 1985). Stimulation of neu-
trophil granulocytes by Ca* *-ionophore releases large amounts
of LTB,, but only limited amounts of sulphidoleukotrienes,
while the opposite holds good for eosinophils (Weller 1983;
Borgeat 1984). The eosinophils may also :ynthesize sulphido-
leukotrienes in response to IgG stimulation (Shaw 1985a), while
neutrophils release sulphidoleukotrienes upon exposure to
endotoxins (Bottoms 1985) and exotoxins (Bremm 1983). In ad-

dition, complement factors (Stimler 1982), AGEPC (Voelkel
1982) and phagocytosis may all stimulate the synthesis of sul-
phidoleukotrienes, possibly indicating these mediators as a
final common path.

The fact that highly purified human lung mast cells were
found to release LTC, and LTD, via an IgE-mediated mecha-
nism is of special interest (MacGlashan 1982). Firm evidence
of two mast cell populations in rodents is emerging (reviewed
by Pearce 1985). It appears that the oxidative metabolism of
arachidonic acid tends to favour the cyclooxygenase pathway
at the expense of the lipoxygenase pathway and vice versa in
the two populations (Razin 1982, 1983). The mast cells exhibit
pronounced interspecies variation in their phenotypic expres-
sion. Extension of the original findings in rodents to man is
therefore a precarious task. However, evidence is accumulating
of different subpopulations of mast cells in man also. Recent
evidence demonstrated that mast cells dispersed from human
lung have the capacity to synthesize and release sulphidoleuko-
trienes (Flint 1985), whereas human splenic mastocytosis cells
have an active formation of PGD,, but have little capacity to
generate sulphidoleukotriene (Robinson 1988).

2.3 Inhibition of sulphidoleukotriene biosynthesis
Pharmacological intervention in the leukotriene synthesis has
become a realistic and much desired goal after the unravelling
of this metabolic pathway. However, so far no specific agent
is available. The antiinflammatory sulfasalazine (Back 1985)
and benoxaprophen (Lee VY 1982), are considered to inhibit
the leukotriene synthesis, but neither the exact mechanisms nor
the clinical relevance are known. BW755c¢ is an experimental
drug inhibiting 5-lipoxygenase, together with other lipoxygena-
ses and cyclooxygenases (Shoam 1985). Piriprost (U-60,257) is
a putative inhibitor of sulphidoleukotriene synthesis in asthma-
tic lung fragments (Dahlen 1983d) and dispersed human lung
cells (Robinson 1986). Acetylenic analogues of the arachidonic
acid inhibit the metabolism of arachidonic acid in dispersed
human mast cells (Peters 1985). Eicosatetraenoic and -pentae-
noic acid are both metabolized by the enzymes of leukotriene
synthesis, and it is possible to increase by dietetic measures the
amount of leukotrienes synthesized from eicosapentaenoic
acid, at the expense of the 4-serie (Murphy 1981). However, the
biologic activity of LTC, is not noticably less than that of
LTC, (Leitch 1984).

Specific, stereoselective, reversible, high affinity and satur-
able binding sites exist for the individual sulphidoleukotrienes.
LTC, binding sites appear ubiquitous and have also been identi-
fied in tissues that do not appear functionally sensitive to leu-
kotrienes suggesting that these sites are not true receptors. High
affinity but low capacity LTD,-specific binding sites have been
described in a minority of tissues and may represent the phar-
macologically relevant receptors (Mong 1985).

FPL55712 is assumed to be a specific competitive receptor
antagonist for LTD, and possess some activity administered as
an aerosol (Augstein 1973; Holroyde 1981; O’Donnel 1984).

Glucocorticosteroids stimulate a receptor in the cytosol to




















































































