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Nonimmunological Production of Leukotrienes Induced by

Platelet-Activating Factor

Abstract. Platelet-activating factor caused rapid pulmonary vasoconstriction and
edema in isolated lungs perfused with albumin-free salt solution devoid of formed
blood elements. These effects may be due in part to the action of leukotrienes Dy and
C,, which were identified by bioassay and high-pressure liquid chromatography in
the lung effluent after stimulation by platelet-activating factor. These findings help
illuminate some of the deleterious effects that platelet-activating factor elicits in
anaphylactic reactions and possibly in other forms of lung injury.

Platelet-activating factor (PAF; 1-0-al-
kyl-2-acetyl-sn-glyceryl-3-phosphoryl-
choline) (/) was first derived from rabbit
basophils that had been sensitized with a
specific immunoglobulin E-antibody (2)
and has since been identified from neu-
trophils, alveolar macrophages, and
monocytes (3-5) of various species in-
cluding man. The factor is known to
promote calcium-dependent platelet ag-
gregation, serotonin secretion, and
thromboxane A, production (6-7). In the
guinea pig, aspirin-resistant bronchocon-
striction has been reported after intrave-
nous PAF administration (8). In addi-
tion, intravenous injection of PAF in the
rabbit induced bronchoconstriction and
increased right ventricular pressure that
appeared to be platelet independent (9).
We have now conducted experiments
showing that PAF causes pulmonary va-
soconstriction in isolated lungs perfused
with albumin-free salt solution (/0).

Lungs were isolated from male
Sprague-Dawley rats weighing 250 to 300
g and perfused as previously described
with a warm (37°C), oxygenated Green-

berg-Bohr buffer solution (//), which
was osmotically stabilized with Ficoll
(Sigma; 4 percent by volume). The lungs
were pump-perfused at a constant rate of
0.03 ml per gram of body weight per
minute and ventilated with a Harvard
animal respirator with a gas mixture con-
taining 21 percent O,, 5 percent CO,,
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Fig. 1. Dose-response characteristic of bolus
injection of PAF into the pulmonary artery.
The PAF was stored in chloroform and fresh-
ly made up in 0.25 percent bovine serum
albumin and Tyrode solution. Dots represent
single experiments; closed circles and bars
represent the mean (% standard error) of four
experiments. The increase in mean pulmo-
nary artery pressure (APp,) was determined
three minutes after PAF injection.
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and 74 percent N, (tidal volume 2 cm?,
rate 60 per minute). Thirty minutes of
nonrecirculating perfusion allowed sta-
ble baseline conditions (the perfusion
pressure was 7 = 1 mmHg) and a practi-
cally cell-free lung effluent (platelets 500,
leukocytes 0.01, erythrocytes 0.01 per
milliliter) perfusate. Semisynthetic PAF
was obtained from Avanti (Birmingham,
Alabama) or Bachem (Bubendorf, Swit-
zerland). The latter compound produced
a single molecular species (MH", mass
to charge ratio, 524) when analyzed by
fast atom bombardment mass spectrom-
etry. The PAF was injected rapidly as a
bolus into the pulmonary artery cannula
(1to 5 pgin 0.1 ml of normal saline). The
pulmonary artery pressure change after
injection was measured with a Statham
P23AA transducer and the lung weight
change with a force displacement trans-
ducer (Statham G1-15-300). Both varia-
bles were recorded on a Gilson poly-
graph recorder.

The injection of PAF caused rapid
dose-dependent vasoconstriction (Fig. 1)
and edema (as measured by lung weight
gain) within 1 minute. The lung weight
gain was arbitrarily measured at 3 min-
utes after PAF injection and was 0.8 to
1.6 g in three lungs that received 1 g
and 2.4 to 7 g in three lungs that received
2 pg. Two lungs receiving 5 pg of the
lysoanalog of PAF developed neither va-
soconstriction nor edema. In three lungs,
two doses of 1 pg of PAF were adminis-
tered 15 minutes apart. The second injec-
tion caused less vasoconstriction, sug-
gesting development of tachyphylaxis.

Prior treatment of the rats with indo-
methacin (Sigma; S mg/kg) and the addi-
tion of indomethacin (0.5 pg/ml) to the
perfusate blocked the lung cyclooxygen-
ase pathway. The concentration of 6-
keto-prostaglandin F;, in the lung efflu-
ent was less than 25 pg/ml, compared to
greater than 1000 pg/ml in the lung efflu-
ent from untreated rats (12). In addition,
indomethacin blunted the vasoconstric-
tion response and delayed edema forma-
tion after PAF administration (Fig. 2). In
the indomethacin-treated lungs the maxi-
mum rise in mean pulmonary artery
pressure after the administration of 2 ug
of PAF was 10 to 11.5 mmHg (N = 3)
and the weight gain in the third minute
after PAF administration was 2.0to 6 g
(N = 3). Thus cyclooxygenase products
were probably not the major cause of
this PAF effect on the lungs.

In three lungs perfused with physio-
logical salt solution containing diethyl-
carbamazine (Sigma; 1 mg/ml), an inhibi-
tor of leukotriene biosynthesis (13-14),
vasoconstriction and edema did not oc-
cur after PAF administration. Since the
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lungs responded to angiotensin II injec-
tion with vasoconstriction, diethylcar-
bamazine had not acted as a nonspecific
inhibitor of smooth muscle contraction;
furthermore, the diethylcarbamazine
was used in a dose that had previously
been shown in perfused guinea pig lung
not to affect prostaglandin production
(13).

These data suggested that the PAF
effect could be mediated by leukotriene
(SRS-A) release. We therefore analyzed
the lung effluent after PAF injection for
the presence of various leukotrienes.
The lung effluent from eight rats was
collected in ice-cold flasks for 10 minutes
beginning with the injection of 1 pg of
PAF (80 to 100 ml were collected in each
experiment). A portion of each effluent
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Fig. 2 (left). Representative examples of three
different experiments showing pulmonary ar-
tery pressure (Pp,) tracing and lung weight
gain. (A) Physiological salt solution was used
as the perfusate. (B) The rats received an
intraperitoneal injection of indomethacin (5
mg/kg) before they were killed and the lungs
were perfused with a physiological salt solu-
tion containing indomethacin (0.5 pg/ml). (C)
The perfusate contained diethylcarbamazine
(DEC, 1 mg/ml); angiotensin II was injected
into the pulmonary artery 5 minutes after
PAF. Fig. 3 (right). (A) Contractions of
the isolated guinea pig ileum suspended in
Tyrode solution, pH 7.3, containing 107 M
atropine and 107°M pyrilamine, and bubbled
with air. Effluent from lungs that received a 1-

was assayed on the stripped longitudinal
muscle of the guinea pig terminal ileum
for leukotriene-like activity (/5). The ef-
fluent from PAF-stimulated lungs con-
tracted the guinea pig ileum; and these
contractions were abolished by the end-
organ antagonist of SRS-A, FPL 55712
(16) (Fig. 3A). Effluent from lungs not
treated with PAF did not cause constric-
tion of the guinea pig ileum; PAF itself
caused guinea pig ileum contractions
that were not inhibited by FPL 55712.
The effluent volumes from the eight rat
lungs were then pooled, and the Ficoll
was removed by XAD-7 chromatogra-
phy. The ethanol eluate from the XAD-7
was subjected to further purification by
silicic acid chromatography, as previous-
ly described (17). After batch elution
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W

with ethyl acetate (10 percent methanol
in ethyl acetate, which eluted no myotro-
pic components), the final 100 percent
methanol eluate was subjected to reverse
phase high-pressure liquid chromatogra-
phy (HPLC) (/4). Two HPLC peaks
(Fig. 3B, peaks A and B) were found to
have SRS-like biological activity (see
Fig. 3B, inset). Furthermore, these com-
ponents had ultraviolet-absorption maxi-
ma at 280 nm characteristic of the pepti-
dolipid leukotrienes (/7). Component B,
the minor constituent, coeluted with au-
thentic leukotriene C4 and fraction A,
the major constituent, coecluted with
authenic leukotriene D4 upon coinjection
on reverse phase HPCL (/4).

In conclusion, PAF caused vasocon-
striction and edema in nonsensitized rat
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ug bolus injection of PAF contracted the guinea pig ileum; the contractions were immediately terminated upon addition of FPL 55712 (0.5 wg/ml)
to the bath fluid. The direct application of PAF to the guinea pig ileum caused a contraction that was not terminated by FPL 55712. (B) Reverse
phase HPLC of partially purified extract of perfusate of rat lungs stimulated with PAF. The column was Sphereosorb C-18, 5 um, 25 by 200 mm.
The mobile phase used was methanol, water, and acetic acid (65:35:0.02 by volume), pH 5.1. The flow rate was 1 ml/min; the ultraviolet monitor
was set at 280 nm. Prostaglandin B, was added as the elution reference. Inset: guinea pig ileum bioassay of portions of fraction A illustrating
inhibition of SRS-A-like response by FPL 55712 added to the assay cuvette as indicated by arrows. FPL 55712 inhibits ongoing contraction and in
a lower dose prevents contraction if it is added to the ileum before application of fraction A.
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lungs, and these effects were inhibited by
diethylcarbamazine but not by indo-
methacin. The injection of PAF into
lungs perfused with physiological salt
solution stimulated a lung cell to produce
leukotrienes. Since the isolated rat lung
responds to the injection of synthetic
leukotrienes C4 and D, with vasocon-
striction (/8), the vasoconstriction and
edema after PAF injection may be due in
part to the action of these leukotrienes.
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Inhibitory Action of Gossypol on Enzymes and
Growth of Trypanosoma cruzi

Abstract. Gossypol, a phenolic compound isolated from the cotton plant, is a
powerful inhibitor of nicotinamide adenine dinucleotide-linked enzymes (a-hydroxy-
acid dehydrogenase and malate dehydrogenase) of Trypanosoma cruzi, the parasite
that causes Chagas’ disease. Parasites at the epimastigote stage that were incubat-
ed for 5 minutes with 100 micromolar gossypol were completely immobilized.
Concentrations of gossypol as low as 0.01 micromolar markedly reduced the growth

rate of T. cruzi in culture.

There is evidence (I) that gossypol
1,1', 6,6’, 7,7'-hexahydroxy-5,5'-diiso-
propyl-3,3’ - dimethyl - (2,2’ - binaphtha-
lene)-8,8'-dicarboxaldehyde) is an active
male contraceptive agent. Oral adminis-
tration of this compound produces oligo-
spermia and azoospermia in humans and
other species. Studies by Lee and Mall-
ing (2) suggest that gossypol acts by
inhibiting selectively the lactate dehy-
drogenase (E.C. 1.1.1.27) isozyme X,
which plays an important role in sperm
metabolism. Isozyme X (LDH X or Cy)
is associated with spermatozoa and sper-
matogenic cells (3). On the basis of its
substrate specificity and subcellular dis-
tribution, LDH X has been postulated to
integrate a shuttle system transferring H
from cytosol to mitochondria (¢). It
therefore appears that LDH X is related
to metabolic processes that provide en-
ergy for motility and survival of sperma-
tozoa.

Studies in our laboratory (5) also indi-
cate that gossypol inhibits the activity of
human LDH X. We found that the com-
pound is a noncompetitive inhibitor of
LDH X with respect to pyruvate (inhibi-
tion constant, K;, 11.0 wM) and is an
uncompetitive inhibitor with respect to
reduced nicotinamide adenine dinucleo-
tide NADH) (K; = 7.0 wM). These stud-
ies prompted us to investigate the action
of gossypol on the a-hydroxyacid dehy-
drogenase and other oxidoreductases of

the flagellate protozoan 7Trypanosoma
cruzi. Our interest was justified by the
fact that 7. cruzi is the agent of Chagas’
disease, for which there is no satisfac-
tory drug. '

Cultured epimastigotes of 7. cruzi con-
tain an NAD-linked oxidoreductase des-
ignated o-hydroxyacid dehydrogenase
(6). The enzyme is present as two iso-
zymes with different properties (7). The
substrate specificity of these isozymes is
similar to that of LDH X; in particular,
isozyme II exhibits a spectrum of sub-
strates almost identical to that demon-
strated for mouse isozyme X (7).

The parasites were cultured and ex-
tracts were prepared as described previ-
ously (7). The isozyme II of a-hydroxy-
acid dehydrogenase and malate dehy-
drogenase (E.C. 1.1.1.37) were partially
purified from aqueous extracts of 7.
cruzi by chromatography on a column of
DEAE cellulose and by precipitation
with ammonium sulfate (7). Succinate
dehydrogenase (E.C. 1.3.99.1) was ob-
tained by following the method of
Weeger et al. (8), except that the epimas-
tigotes were suspended in 100 mM phos-
phate buffer, pH 7.4, homogenized, and
then centrifuged at 10,000¢ for 30 min-
utes. The pellet was washed three times
with distilled water and finally suspend-
ed in 20 mM phosphate buffer, | mM
EDTA, pH 7.6. We then continued the
procedure as described by Weeger et al.

Table 1. Effect of gossypol on oxidoreductases of T. cruzi. The K, values were calculated by
Lineweaver-Burk plots. The velocity, V, is expressed as a percentage, taking as 100 percent the
maximum activity without gossypol. The K; values were calculated by using various concentra-
tions of substrates at a constant inhibitor concentration.

) 3 . Km Ki i
Enzyme Substrate (mM) \% (M)
a-Hydroxy- a-Ketoisocaproate 0.41 100
acid a-Ketoisocaproate plus gossypol (0.5 uM) 0.41 59.57 0.73
dehydro- NADH 0.026 100
genase NADH plus gossypol (4.0 uM) 0.014 53.28 1.85
Malate Oxaloacetate 0.21 100
dehydro- Oxaloacetate plus gossypol (0.3 pM) 0.21 55.5 0.37
genase NADH 0.066 100
NADH plus gossypol (0.16 wM) 0.036 52.8 0.21
Glutamate a-Ketoglutarate 2.7 100
dehydro- a-Ketoglutarate plus-gossypol (5 M) 2.7 41.35 35
genase NADPH 0.015 100
NADPH plus gossypol (11.1 pM) 0.0072 45.26 10.3
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