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Kellaway and Trethewie! in 1940, described a myotropic
substance which was released from the lung during ana-
phylaxis and could possibly account for some of its
symptoms. Because of its slow contracting effect on the
guinea pig jejunum, this entity was called “slow reacting
smooth-muscle-stimulating substance” (SRS).2 Brokle-
hurst® coined the term SRS-A (for slow-reacting substance
of anaphylaxis) to differentiate the substance produced
by lungs upon immunological challenge by specific antigens
from those generated upon nonimmunological stimulation
(SRS). During the 1950’s, growing amounts of information
supported important functions for SRS-A in hypersensi-
tivity reactions. Indeed, crude preparations of SRS-A were
found to induce strong and long-lasting constrictions of
human bronchioles, and the substance was produced in
significant amount by the lungs of sensitized animal or
from asthmatic lungs.®® In the following years, consider-
able efforts were put into the chemistry and pharmacology
of SRS-A; much progress was made, but the substance
resisted identification.*”’

In the last decade, our knowledge of the biochemistry
of arachidonic acid has progressed considerably with the
successive findings of the prostaglandin (PG) endoper-
oxides, thromboxanes (TX), and prostacyclin (PGI,)
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(Figure 1; see ref 8 for a review). The latest addition to
the list of oxygenated metabolites of arachidonic acid in
mammalian cells are the leukotrienes (Figures 2 and 3).
This new family of compounds, first described by Borgeat
and Samuelsson,®!2 was named leukotrienes!® because of
their origin from leukocytes and a structural characteristic,
the conjugated triene. Recently, the interest in these new
compounds was tremendously emphasized when a slow-
reacting substance (SRS) was recognized as a leukotri-
ene 1416

In the present paper, we summarize the basic studies
on the matabolism of arachidonic acid which led to the
structure determination of the leukotrienes and to the
elucidation of their mechanism of formation. This paper
also dicusses the biological significance of the leukotrienes,
i.e., their role in immediate hypersensitivity reactions and
their possible involvement in nonimmunological inflam-
matory processes. Some possible consequences of the
discovery of leukotrienes are presented, with particular
emphasis on the biomedical impact of this finding on the
development of new asthma treatments.

Leukotrienes: A Novel Family of Metabolites of
Arachidonic Acid

The discovery of leukotrienes, as well as the elucidation
of their mechanism of formation, resulted from a com-
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Figure 1. General scheme of the metabolism of arachidonic acid.
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Figure 2. Transformation of arachidonic acid through the leu-
kotriene pathway (partial scheme, see Figure 3). The geometry
of the double bonds in leukotriene B, has not been fully resolved.’

prehensive study on the metabolism of arachidonic acid
in rabbit peritoneal polymorphonuclear leukocytes
(PMNL). Since PGs and other metabolites of arachidonic
acid were found to have proinflammatory activities in
various systems,!® it seemed worthwhile to investigate the
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Figure 3. Hypothetical scheme of the formation of leukotriene
D, (slow-reacting substance of anaphylaxis). The stereochemistry
of leukotriene D, is temptative.®®

metabolism of the fatty acid in the PMNL, an important
cell type in inflammatory reactions.

Hydroxy Acids, Leukotriene A, and Leukotriene B,.
In a first report, Borgeat et al.” described the biosynthesis
of the 5(S)-hydroxy-6,8,11,14-eicosatetraenoic acid (Figure
2) and 8(S)-hydroxy-9,11,14-eicosatrienoic acid in rabbit
peritoneal PMNL (glycogen-induced) from arachidonic
acid and 8,11,14-eicosatrienoic acid, respectively; the two
hydroxy acids were the major metabolites of the Cyy-un-
saturated fatty acids. These findings revealed the occur-
rence of novel lipoxygenase-type reactions in leukocytes.
Indeed, the positional specificity of the reactions at C-5
and C-8 was yet unreported.

Later, the same workers reported the presence of an-
other metabolite of arachidonic acid in PMNL,®? the 5-
(S),12(R)-dihydroxy-6,8,10,14-eicosatetraenoic acid, re-
cently named leukotriene B,!? (Figure 2). The compound
was unique in that it contained a conjugated triene
structure. The stereochemical purity of leukotriene B,
indicated that it was formed enzymatically. In another
paper, Borgeat and Samuelsson! described the structures
of four minor metabolites of arachidonic acid in PMNL;
the compounds were 5,6-dihydroxy-7,9,11,14-eicosatet-
raenoic acids (epimers at C-6) and two geometric isomers
of leukotriene B, (epimers at C-12; see Figure 2). Although
these four compounds are probably devoid of biological
activity, their isolation and identification proved to be of
major importance in the subsequent studies on the
mechanism of formation of leukotrienes. Indeed, the
structural similarities between the five dihydroxy acids
isolated so far from PMNL, i.e., the presence of a conju-
gated triene and of an alcohol at C-5 with the “S” con-
figuration (see Figure 2), left little doubt about a common
mechanism of formation for these compounds. Studies on
the incorporation of isotopic oxygen indicated that the
hydroxyl group at C-5 in all metabolites (including the
5-hydrozxy acid) was derived from molecular oxygen and
consequently indicated that the hydroxyl groups at C-6
or C-12 in the dihydroxy acids were derived from water.
These data strongly supported a common pathway of
formation for these compounds, involving the participation
of an unstable intermediate that could undergo reaction
with water.

Trapping experiments with alcohols were performed and
proved unambiguously that an unstable compound which
could easily react with weak nucleophiles (water, méethanol,

(16) d.R. Vane, Adv. Prostaglandin Thromboxane Res., 2, 791-801
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ethanol, etc.) was generated during incubation of PMNL
with arachidonic acid. Further studies have shown that
the intermediate was very labile, particularly at acidic pH
and more stable in alkaline medium. Other experiments
allowed to establish that leukotriene B, was formed upon
enzymatic hydrolysis of the unstable intermediate, whereas
the four other dihydroxy acids were generated by nonen-
zymatic hydrolysis.!! Taking into consideration the data
available on the structure of the various products of hy-
drolysis of the intermediate (Figure 2), the results on the
incorporation of isotopic oxygen in these compounds, and
the experiments on the reactivity of the molecule, it was
proposed that the unstable intermediate was 5(6)-oxido-
7,9,11,14-eicosatetraenoic acid™ or leukotriene A,!® (Figure

2).

The geometry of the double bonds and the configuration
of the epoxide were not known at that time. Professor
Corey, who was already involved in the studies on leuko-
triene A,, performed the synthesis of the (£)-5,6-oxido-
7,9-trans,11,14-cis-eicosatetraenoic acid.’®* The compound
was found to be very unstable, a finding which was in
agreement with the reactivity reported for the biosynthetic
material (see above). The degradation products generated
by solvolysis (water and methanol) of the synthetic epoxide
and of the natural material were identical. These data
indicated that the unstable intermediate in the formation
of dihydroxy acids in neutrophils does have the covalent
structure and the double bond geometry of the synthetic
epoxy acid described above. Shortly later, Corey et al.'?
reported the total stereo-specific synthesis of 5(S)-trans-
5,6-oxido-7,9-trans,11,14-cis-eicosatetraenoic acid from
D(-)-ribose. The compound was shown to be transformed
by neutrophils into a product undistinguishable from
leukotriene B,.2° This enzymatic conversion suggested
that the configuration of the époxide, as well as the ge-
ometry of the double bonds of the synthetic compound,
was likely similar to that of the natural substance. The
detailed structure of this synthetic epoxy acid was thus
assigned to leukotriene A,

The data obtained so far by various investigators still
support the first hypothetical scheme presented for the
mechanism of formation of leukotrienes A, and B! The
first reaction clearly seems to be of the lipoxygenase type,
as indicated by the typical structure of the immediate
product of the reaction, the 5(S)-hydroperoxy-6,8,11,14-
eicosatetraenoic acid (Figure 2). The 5-hydroxy acid is very
likely the product of the action of reductases on the 5-
hydroperoxy acid and is thus considered as a byproduct
in this reaction scheme.

Corey et al.2! have reported a method for the chemical
synthesis of the 5(S)-hydroperoxyeicosatetraenoic acid, as
well as an enzymatic procedure for the preparation of this
compound from incubations of arachidonic acid with po-
tato lipoxygenase.

The formation of leukotriene A, from the 5-hydroperoxy
acid is believed to occur through a mechanism involving
abstraction of a proton at C-10 of the hydroperoxy acid
in analogy with the mechanism of synthesis of PGG, where
a proton abstraction at C-13 has been demonstrated.?2
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101, 6748-6749 (1979).
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1436-1439 (1980).
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The presence in neutrophils of an hydrolase, converting
leukotriene A, into leukotriene B,, has been suggested from
the very first studies!! and has recently been confirmed.?
However, none of the enzymatic component of the leuko-
triene pathway has been isolated or characterized so far.
The availability of leukotriene A, and of the 5(S)-hydro-
peroxy acid from chemical synthesis!®? will be of major
importance in studies of the enzymology of this metabolic
pathway of arachidonic acid.

Leukotriene C, and Leukotriene D,. The discovery
of leukotrienes C, and D, was essentially linked to the
efforts for unraveling the structure of SRS-A. Indeed, in
parallel to the first studies on the leukotriene pathway by
Borgeat and Samuelsson,*'? several groups involved in
studies on SRS-A made considerable progress in the pu-
rification of the substance, mostly because of the appli-
cation of high-pressure liquid chromatography (LC) to the
field. In fact, Morris et al.® purified a sample of SRS-A
(guinea pig anaphylactic lung) to a high degree of purity
and obtained an ultraviolet spectrum which showed the
characteristic absorption bands of leukotrienes. At about
the same time, some experimental data suggested a pre-
cursor role of arachidonic acid in the synthesis of SRS-
A7 gnd Jakschik et al.?* and Sirois et al.® suggested that
SRS were unidentified metabolites of this fatty acid
formed through an unknown metabolic pathway. Previous
studies had already shown that the ionophore A23187
stimulated the release of SRS from leukocytes®?4?® and of
SRS-A from perfused lungs.”? It was also known that,
under certain conditions, the cyclooxygenase inhibitors
indomethacin and aspirin could stimulate the release of
SRS-A.30-3% These data were taken as good indications
of a relationship between SRS-A and leukotrienes in view
of the following observations: (a) leukotrienes are me-
tabolites of arachidonic acid in leukocytes, (b) the synthesis
of the 5-hydroxy acid (a product of the leukotriene path-
way) is not inhibited by indomethacin, (c) the ionophore
A23187 is a powerful stimulus of the transformation of
arachidonic acid into leukotriene B, in human PMNL,!2
and (d) the conjugated triene is a structural characteristic
of leukotrienes.

Many thiols and particularly cysteine were reported to
stimulate the formation of SRS and SRS-A.*"% These
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57, 460P.
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observations suggested that SRS and SRS-A could be
sulfur-containing compounds and, thus, possibly conjugates
of cysteine (or related compounds) and of leukotriene A,,
which was expected to react easily with nucleophiles (e.g.,
thiols and alcohols). Working on this hypothesis, Murphy
et al.!® prepared some SRS from mouse mastocytoma cells
upon incubation of the cells with arachidonic acid, L-cys-
teine, and the ionophore A23187. SRS was purified to near
homogeneity by classical procedures and high-pressure LC.
The pure and biologically active material showed the
characteristic ultraviolet spectrum of leukotrienes. La-
beling experiments showed that SRS incorporated cysteine
and arachidonic acid. Further chemical analysis of the
purified SRS clearly indicated that the compound was
indeed a derivative of leukotriene A,, i.e., a 5-hydroxy-
7,9,11,14-eicosatetraenoic acid carrying a substituent at C-6
via a thioether linkage. The exact nature of the substituent
at C-6 was yet unknown, although the experimental data
suggested cysteine, a cysteine derivative, or a cysteine-
containing peptide. These studies!“!5 established the re-
lationship between SRS and the leukotriene family and
thus constituted the first conclusive data on the exact
nature of these substances.

In subsequent papers, Hammarstrom et al. 4! identified
the substituent at C-6 in mouse mastocytoma cells SRS
as glutathione and resolved the stereochemistry of the
molecule by comparison of the biological, chemical, and
physical properties of purified SRS with a totally synthetic
product of known structure.! The mouse mastocytoma
SRS was thus described as 5(S)-hydroxy-6(R)-S-gluta-
thionyl-7,9-trans,11,14-cis-eicosatetraenoic acid and is now
recognized as leukotriene C, (Figure 3).4

More recently, two groups reported the structure de-
termination of an SRS from rat basophil leukemia cells
(RBL-1). Morris et al.? purified some RBL-1 SRS by gel
chromatography and high-pressure LC. The biologically
active material showed the ultraviolet spectrum charac-
teristic of the leukotrienes. The amino acid analysis re-
vealed the presence of a cysteinylglycinyl moiety in the
molecule. Interestingly, these workers were the first to
obtain fruitful electron-impact mass spectrometric analysis
of SRS. They reported the mass spectrum of intact SRS
as the N-acetyl, methyl ester and trimethylsilyl ether de-
rivative. Taken together, their data on the structure of
RBL-1-SRS were fully consistent with a peptide conjugate
of leukotriene A, a 5-hydroxy-6-S-cysteinylglycinyl-
7,9,11,14-eicosatetraenoic acid. Orning et al.® also analyzed
the RBL-1-SRS and obtained fully compatible results.
These workers, on the basis of ultraviolet analysis, Raney
nickel desulfurization experiments, and enzymatic con-
version with soybean lipoxygenase, concluded that the
RBL-1-SRS was a leukotriene with a fatty acid part
identical with that of leukotriene C,. Amino acid analysis
further indicated that the RBL-1-SRS was a 5-hydroxy-

(37) R. P. Orange and P. L. Chang, J. Immunol., 115, 1072-1077
(1975).

(38) R. P. Orange and E. G. Moore, J. Immunol., 117, 2191-2196
(1975).
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(40) S. Hammarstrom, R. C. Murphy, B. Samuelsson, D. A. Clark,
C. Mioskowski, and E. J. Corey, Biochem. Biophys. Res. Com-
mun., 91, 1266-1272 (1979).

(41) S. Hammarstrém, B. Samuelsson, D. A. Clark, G. Goto, A.
Marfat, C. Mioskovski, and E. J. Corey, Biochem. Biophys.
Res. Commun., 92, 946-953 (1980).

(42) H. R. Morris, G. W, Taylor, P. J. Piper, M. N. Samhoun, and
J. R. Tippins, Prostaglandins, 19, 185-201 (1980).

(43) L. Orning, S. Hammarstréom, and B. Samuelsson, Proc. Natl.
Acad. Sci. U.S.A., 77, 2014-2017 (1980).
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6-S-cysteinylglycinyl-7,9,11,14-eicosatetraenoic acid, which
was named leukotriene D,. The same investigators also
demonstrated that leukotriene D, could be generated by
the action of y-glutamyl transpeptidase on leukotriene C,
(Figure 3). These data suggested that leukotrienes A, and
C, were intermediates in the formation of leukotriene D,
and that, consequently, the stereochemistry of leukotrienes
D, and C, should be the same.*

Bach et al.* studied the major component of the SRS
released by rat peritoneal cells upon stimulation with the
ionophore A23187. Their data, based on high-pressure LC
analysis, ultraviolet spectroscopy, amino acid analysis, and
reaction with soybean lipoxygenase, indicated that this
SRS was identical with leukotriene D,.

The latest addition to this field came from Morris et
al.;*® using high-pressure LC, ultraviolet spectroscopy,
amino acid analysis, and electron-impact mass spectrom-
etry (of the N-acetyl, trimethylsilyl ether, methyl ester
derivative), the authors showed that the SRS-A released
upon immunological challenge of sensitized guinea pig
lungs was identical with the SRS released by RBL-1 cells
and, thus, to leukotriene D,. This constituted the first
conclusive report on the structure of an immunologically
released SRS.

Distribution and Biological Significance of
Leukotrienes

Leukotrienes as such have been conclusively identified
in various leukocytes (including RBL-1 cells), mast cells,
tumors, and lungs (see previous discussion), and the
question is open whether or not these compounds have a
more general distribution like prostaglandins or are limited
to tissues and cells more directly involved with allergic
reactions. Considering first that the SRS (or SRS-A)
identified so far from four different sources were leuko-
trienes and second that “slow-reacting substances” with
the characteristic biological, physical, and chemical prop-
erties are released by many tissues (other than those
mentioned above), such as the human skin,* human nasal
polyps,*” blood vessels,*® heart,*® and cat paw*? and in
several species,? it is tempting to speculate that leuko-
trienes probably have a relatively broad distribution in the
organism. The data accumulated so far do not allow to
establish which cell type (tissue specific cells, tissue ma-
crophages, mast cells) in the tissues (or organs) concerned
would be the source of leukotrienes. However, that these
substances are released upon immunological challenging
strongly suggest that cells carrying receptors for immu-
noglobulins E (or G for the guinea pigs) are more likely
involved.

There is at the present time little new to write on the
biological activity of leukotrienes. The structural eluci-
dation and the chemical synthesis of these compounds are
very recent and most of the information is yet to come.
In fact, the knowledge available today in this field is es-

(44) M. K. Bach, J. R. Brashler, S. Hammarstrém, and B. Samu-
elsson, Biochem. Biophys. Res. Commun., 93, 1121-1126
(1980).

(45) H. R. Morris, G. W. Taylor, P. J. Piper, and J. R. Tippins,
Nature (London), 285, 104-106 (1980).

(46) M. W. Greaves, S. Yamamoto, and V. M. Fairley, Immunology,
23, 239-248 (1972).

(47) M. Kaliner, S. I. Wasserman, and F. Austen, N. Engl. J. Med.,
289, 277-279 (1973).

(48) R. Liebig, W. Bernauer, and B. A. Peskar, Naunyn-Schmie-
degerg’s Arch. Pharmacol., 289, 65-76 (1975).

(49) E. Anggird, U. Bergqvist, B. Hogberg, K. Johansson, I.-L.
Thon, and B. Uvnas, Acta Physiol. Scand., §9, 97-110 (1963).

(50) P. Sirois, D. M. Engineer, P. J. Piper, and E. G. Moore, Ex-
perimentia, 35, 361-362 (1979).
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sentially based on studies on SRS and SRS-A performed
before the identification of these spasmogens as leuko-
trienes. These studies clearly pointed out the importance
of SRS-A in immediate hypersensitivity reactions. It is
not, however, the purpose of this paper to present these
data, and the reader is referred to Brocklehurst* and Or-
ange and Austen?® for excellent reviews. The tremendous
importance of immediate hypersensitivity reactions in
medicine leave little doubt about the fact that in the near
future the discussion on the biological importance of leu-
kotrienes will be focused on the role of these compounds
in allergy, anaphylaxis, asthma, etc. The availability of
synthetic leukotrienes will permit to confirm and reeval-
uate the biological importance of leukotrienes in immediate
hypersensitivity reactions (as established in the past years
with partially purified preparations of SRS-A). Experi-
ments on the effects of leukotrienes in various systems
should also rapidly provide a broad picture of the biological
properties of these new compounds.

Medical Consequences of Leukotrienes: Hopes for
New Treatments of Asthma

As for many other diseases, the development of the
actual asthma therapy has been empirical. The complexity
of this disease, which is rather a series of symptoms re-
sulting from the action of a number of incompletely un-
derstood mechanisms, hindered scientific approaches to
treatment. Among others, the difficulties encountered over
the last 40 years in the purification, assay, and structure
elucidation of SRS-A has prevented the rational develop-
ment of specific antagonists to this important mediator.

The recent discovery of the structure of leukotriene D,
will certainly stimulate the development of new and more
specific drugs. In fact, the knowledge of the chemical
structure and of the pathway of biosynthesis of leukotriene
D, suggests several possible ways of inhibiting the bio-
logical effects or of controlling the biosynthesis of this
spasmogen. The methodologies already available for the
chemical synthesis of leukotriene C,° will permit the
synthesis of analogues of leukotriene C, and D,, the es-
tablishment of the structure—activity relationship of these
compounds on various target organs, and thus the devel-
opment of specific action-antagonists.

The biosynthesis of leukotriene D, is controlled by
various enzymes. The lipoxygenase as the enzyme leading
to the formation of the 5-hydroperoxy acid and leukotriene
A, (Figure 2) could easily become the first target for
pharmacological intervention. Interestingly, studies of the
action of nonsteroid antiinflammatory drugs have also
shown that the cyclooxygenase pathway could be blocked
without inhibition of the lipoxygenase pathway (leuko-
trienes),3* %6 indicating the possibility of specific inter-
ventions. Thus, new drugs acting specifically on the lip-
oxygenase pathway could probably be developed. Another
interesting approach to the control of leukotriene biosyn-
thesis would be the use of “false-substrates” which could
enter the lipoxygenase pathway and be transformed by the
enzyme, but could not lead to the formation of active
leukotrienes.

The availability of synthetic leukotrienes will soon
permit the development of sensitive, specific, and con-
venient methods of measurements which could be applied
to the evaluation of blood or tissue concentrations in health
or disease. The development of radioimmunoassays are
particularly needed. Synthetic leukotrienes will also make
possible studies of the mechanism of action of these com-
pounds, including characterization of receptor molecules,
effects on cyclic nucleotide systems, and effects on the
release of other mediators of hypersensitivity reactions.
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Figure 4. Illustration of the balance in the transformation of
arachidonic acid through the leukotriene pathway (lipoxygenase)
and the prostaglandin pathway (cyclooxygenase).

The discovery of leukotrienes has already brought some
interesting explanations on the mechanism of action of
widely used drugs. Corticosteroids have been used for a
long time and with success in asthma therapy, but their
proposed mechanisms of action could not fully explain
their efficacy. Among the multiple actions of these drugs,
they are known to block phospholipase A,, an enzyme
involved in the release of arachidonic acid from phos-
pholipids.®® However, until recently, this fatty acid was
known to generate only PGs and TXs, which were not
believed to play an important role in asthma.’®®® When
recent discoveries showed that leukotrienes were also
synthesized from arachidonic acid via another pathway,
it became apparent that at least some of the effects of
corticosteroids in asthma were linked to the inhibition of
phospholipase A,, resulting in a decreased formation of
leukotrienes (Figure 4). The fact that PGs and leuko-
trienes are generated from the same precursor brings also
a possible explanation to the adverse action of aspirin-like
drugs in asthmatics; indeed, there is likely a balance effect
in the utilization of arachidonic acid by the cyclooxygenase
and lipoxygenase pathways, and inhibition of the former
leads to increased formation of leukotrienes (Figure 4).30-36

Leukotrienes and Inflammation, an Hypothesis

Since the discovery by Vane et al.’* of the inhibitory
effects of nonsteroidal antiinflammatory agents (aspirin,
indomethacin, etc.) on PGs synthesis, the role of arachi-
donic acid metabolites has been extensively investigated
in the various stages of the inflammatory process, and it
was indeed shown that PGs do play important roles in
some inflammatory reactions (see ref 55 for a review).

However, other experimental data, particularly those
regarding the release of lysosomal enzymes and to some
extent phagocytosis, are hardly reconcilable with a role of
endogenous PGs, in view of the known effects of the com-
pounds on these leukocyte functions in vitro. These data
pertained to several studies where the divalent cation
ionophore A23187 was reported to stimulate the synthesis
of PGs and TXs in leukocytes (likely via the stimulation
of Ca?*-dependent phospholipase A,)**® and to induce
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an elevation of the intracellular concentration of 3',5'-cyclic
guanosine monophosphate (¢cGMP) and the release of ly-
sosomal enzymes.® Taking into consideration the prin-
ciple now accepted that agents causing an increase of the
3',5’-cyclic adenosine monophosphate (cAMP) levels in
leukocytes (e.g., PGE,, PGE,, isoproterenol) also inhibit
the release of lysosomal enzymes, whereas those causing
an increase in cGMP levels (e.g., acetylcholine) induce the
release of enzymes,®2 the sequence of events observed
upon addition of the ionophore A23187 to leukocytes
suggested that the increased PG production and lysosomal
enzyme release are unrelated phenomenons. Interestingly,
it has been shown in similar studies that the ionophore
A23187 strongly stimulates the synthesis of the 5-hydroxy
acid and leukotriene B, (40-fold) in human peripheral
blood PMNL.2 These data raise the possibility that a
product of the leukotriene pathway might be involved in
the stimulation of ¢cGMP accumulation and lysosomal
enzyme release in leukocytes. Other experimental obser-
vations support this hypothesis; the tumor-promoting and
proinflammatory agent phorbol myristate acetate (PMA),
which was shown to cause the release of arachidonic acid
in kidney cells® and to raise the levels of cGMP in various
cell types,%54 was also found to stimulate lysozyme release
from cytochalasin B treated human PMNL;% in similar
experiments, PMA potentiated the release of lysozyme and
B-glucuronidase from zymosan-stimulated cells. Several
biochemical events have been observed during phagocy-
tosis; for instance, it is known that phagocytosis is ac-
companied by a burst of oxygen consumption, by a marked
decrease of arachidonic acid in the phospholipids of pha-
gocytic vacuole membranes, and by increased production
of PGs.%” Interestingly, phagocytosis is also accompanied
by increased levels of cGMP and the release of lysosomal
enzymes, whereas cAMP levels remain unchanged.®! That
the disappearance of arachidonic acid is associated with
the synthesis of leukotrienes has not been shown yet, but
the release of lysosomal enzymes and the changes of levels
of cyclic nucleotides during phagocytosis do not favor a
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Perspective

role of cyclooxygenase products. Recently, it was shown
that the direct addition of arachidonic acid to rabbit
peritoneal neutrophils (cytochalasin B treated) induces the
release of lysosomal enzymes at doses below 10¢ M.8 This
effect was inhibited by the lipoxygenase inhibitor
5,8,11,14-eicosatetraynoic acid® and and was not produced
by any other fatty acids used, including the PGs precursor
8,11,14-eicosatrienocic acid. Thus, among the fatty acids
tested, only arachidonic acid, the leukotrienes precursor,
was active in stimulating enzyme release. Again, these data
suggest that leukotrienes might be involved in the release
of lysosomal enzymes (and phagocytosis) possibly through
a mediator role of cGMP.

This hypothesis is in agreement with the proposal of
Sullivan and Parker™ that some metabolites of arachidonic
acid other than the cyclooxygenase products appear to be
involved in the release of inflammatory mediators from
mast cells. Such a role of leukotrienes at different steps
of the inflammatory process would provide one possible
explanation (see ref 62) of the action of steroidal antiin-
flammatory drugs. Indeed, as mentioned previously,
corticosteroids, which have been shown to inhibit the re-
lease of arachidonic acid in a variety of tissues® and cells,
including leukocytes,” and to block the formation of PGs,
are expected to also block the biosynthesis of leukotrienes
(Figure 4). Consequently, in view of the hypothesis
presented here, these drugs might interfere with important
functions of the leukocytes in inflammation and host de-
fense, i.e., phagocytosis and the release of lysosomal en-
zZymes.

The present discussion was to point out that some
studies on the role of arachidonic acid metabolites in
leukocyte physiology performed before the discovery of
leukotrienes could now be interpreted to support a role of
these compounds in some aspects of nonimmunological
inflammation. Studies of the effects of leukotrienes on
leukocyte functions and measurement of leukotrienes un-
der various experimental conditions will be required to
evaluate this hypothesis.

Conclusion

The question of the chemical nature of an important
mediator of anaphylaxis has recently been answered.
Furthermore, the biosynthetic pathway of the compounds
have been partly elucidated, and the chemical sytnesis of
leukotrienes C, and D,, as well as their precursor leuko-
triene A, has been performed. This is without any doubt
a major breakthrough in the research fields concerned. It
is expected that these findings will lead to the development
of better asthma treatments and to rapid progress in the
understanding of the biochemical events and physiological
process involved in immediate hypersensitivity reactions
and possibly in nonimmunological inflammation.
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