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Evidence for generation of leukotriene B4 in human polymorphonuclear leukocytes 
treated with linoleylanilide 

(Received 2 April 1984; accepted 28 May 1984) 

In resting human polymorphonuclear leukocytes (PMNs) 
the free levels of arachidonic acid are low. However, upon 
stimulation, the levels of arachidonic acid rapidly increase 
[l-3]. The interest in the study of the mechanisms by which 
the intracellular levels of arachidonic acid are controlled 
has grown during the last years (reviewed in [4]). This is 
due to the finding that arachidonic acid is precursor of the 
leukotrienes, which are potent mediators of the inflam- 
matory response (reviewed in [5]). We have previously 
shown that linoleylanilide, a fatty acid anilide supposely 
involved in the toxic syndrome in Spain [6,7], induces the 
generation of arachidonic acid from human PMNs [3]. 
Different to other signals, like phagocitic particles or the 
ionophore A23187 [l, 21, linoleylanilide induces the gen- 
eration of arachidonic acid without affecting the synthesis 
of PAF-acether, lysosomal enzymes or O:- [3]. This permits 
us to explore the mechanisms that control arachidonic acid 
metabolism in human polymorphonuclear leukocytes with 
relative independence of other processes. In this study we 
have investigated the following questions: (1) From which 

phospholipids is arachidonic acid generated in response to 
linoleylanilide? (2) By which mechanisms is arachidonic 
acid generated in response to linoleylanilide? (3) Is the 
arachidonic acid generated in response to linoleylanilide 
retained intracellularly or is it released to the extracellular 
medium? and (4) is the arachidonic acid generated in 
response to linoleylanilide metabolized by the lipoxygenase 
pathway? 

Materials and methods 

Cells. Human PMNs were obtained from venous blood 
of normal volunteers as in [8]. 

Effect of linoleylanilide on the content in arachidonic acid 
of phosphatidylcholine and phosphatidylinositol. Human 
PMNs were labelled with (5,6,8,9,11,12,14,15-[3H])- 
arachidonic acid (Amersham, 125 Ci/mmole) as previously 
described [2, 31. After washing, PMNs (0.6 ml, 1 x 10’cells 
per ml) were incubated with linoleylanilide (1 mg/ml) for 
2 hr at 37”. After extraction, lipids were subjected to TLC 
in chloroform/methanol/acetic acid/sodium borate 0.1 M 
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(75 : 45 : 12: 4.5 v/v) and the content of radioactivity in phos- 
phatidylcholine and phosphatidylinositol determined [2]. 

Effect of l~~oleyl~nilide on the incorporution of arachi- 
donic acid info phospholipids. Human PMNs (0.6 ml, 
1 x IO7 cells per ml) were incubated at 37”. At zero-time 
[‘HI-arachidonic acid (OS &i/ml) was added in the 
absence or presence of 1 mg/ml linoleylanilide. After 
extraction, lipids were subjected to TLC as described 
above, and the incorporation of radioactivity into phospho- 
lipids determined. 

Secretion of archidonic acid in response to linoleylanilide. 
Human PMNs were labelled with [ lH]-arachidonic acid as 
in [2]. After washing, PMNs (0.6 ml, 1 x lO’cells/ml) were 
incubated with IinoIeyianilide (1 mg/ml). At several times, 
cells were centrifuged 15 set in a Beckman microcentrifuge 
and the pellet and supernatant extracted. After extraction, 
lipids were subjected to TLC in iigroi~diethyl ether/acetic 
acid (SO: 50: 1. v/v) and the content of radioactivity into 
arachidonic acid determined [2,3]. 

High-performance liquid chromatography separation of 
lipoxygenase products of human PMNs treated with lino- 
leylanilide. Human PMNs (1.5 X 10” cells per ml) were 
labelled with [ lH]-arachidonic acid (1 &i/ml) and washed 
four times [2,3]. After washing, PMNs (lml, 3.5 x 10’ 
cells per ml) were incubated with linoleylanilide (1 mg/ml) 
for 2-5 min at 37” at which time 2 ml acetone at 4” were 
added. Lipoxygenase products were extracted as described 
in 191. Briefly. tubes were shaken for 2 min and centrifuged 
at 4’. The clear supernatant was extracted with 2 ml pet- 
roleum ether which eliminates most of the free arachidonic 
acid. The ether phase was discarded and 42 ~1 formic acid 
1 M added. Lipoxygenase products were finally extracted 
with 2 ml chloroform twice. The combined chloroform 
phase was dried under a stream of N, at 30”. dissolved in 
200 nl methanoqwater (75325, v/v) 0.02% acetic acid and 
100 ~1 injected on an Ultrasphere Cl8 Beckman column. 
After injection, LTB, and 5-HETE were eluted in 
methanol/water (75 : 25 v/v) 0.02% acetic acid at a speed of 
1 ml/min [lo]. The recovery of LTB,$ and 5-HETE by this 
procedure was about 70--80%. Authentic lipid standards 
(Amersham) were used to calculate the retention time of 
these compounds. Linoleylanilide was prepared as in [l l] 
and sonicated before use as previously described [3]. 

Results urad discussion 

rncubation of human PMNs prelabeled with [ %I]-arachi- 
donic acid with 1 mgiml ~inoleyian~lide for 2 hr reduces 
the content of radioactivity into phosphatidylcholine and 
phosphatidylinositol by about 40% whereas the content of 
radioactivity of phosphatidylethanolamine remained unaf- 
fected. Most of the arachidonic acid generated in response 
to linoleylanilide is released to the extracellular medium 
(Fig. 1). This is accompanied of a transient accumulation 
of the intracellular levels of arachidonic acid (Fig. 1). The 
relative proportions of phosphatidylcholine and phos- 
phatidylinositol in human PMNs are respectively about 50 
and 5%, which indicates that the major pool for arachidonic 
acid in these cells is phosphatidyicholine. 

To understand the mechanisms by which finoleylanilide 
generates arachidonic acid from PMNs, we measured the 
incorporation of radioactivity into phospholipids in cells 
stimulated simultaneously with linoleylaniiide and [‘HI- 
arachidonic acid. As shown in Fig. 2, the rate of incor- 
poration of radioactivity into phosphatidylcholine was 
slower in cells treated with linoteylanilide than in control 
cells. This effect was specific for arachidonic acid. Thus. 
the rate of incorporation of [“C]-oleic acid into phos- 
phatidylcholine remained unaffected by the addition of 
linoleylanilide up to 1 mg/ml (not shown). The inhibition 
by linoleylanilide of arachidonic acid acylation into 
phosphatidylcholine was dose-dependent (Fig. 3). Con- 
centrations between 0.1-0.2 mg/ml linoleylanilide were 
sufficient to inhibit the incorporation of labelled arachi- 

Fig. 1. Effect of linoleylanilide addition on the intracellular 
and extracellular content of arachidonic acid. Human 
PMNs were preincubated with ‘H-arachidonic acid as 
described under Materials and Methods. At zero time 
~inoleylanilide (1 mg/ml) was added and the int~ceiiular 
content of arachidonic acid measured. (0) Activated cells. 
(0) control cells. ResuIts are the average 2 S.E.M. of three 

independent experiments performed in duplicate. 

donic acid into phosphatidylcholine. This same range of 
concentration of linoleylanilide is sufficient to trigger the 
generation of arachidonic acid from human PMNs [3]. The 
rate of acylation of other phospholipids was unaffected by 
the addition of linoleylanilide. Figure 3 shows that the 
incorporation of [ ‘HI-arachidonic acid into phosphat- 

10 20 30 

minutes 

Effect of linoleylanilide addition on the incor- 
poratron of 3H-arachidonic acid into phosphatidylcholine. 
Human PMNs were incubated at 37” as described under 
Materials and Methods. At zero time, jH-arachidonic acid 
was added in the absence (0) or presence (0) of 1 mg/ml 
linoleylanilide. After extraction. lipids were subjected to 
TLC and the incorporation of radioactivity into phos- 
phatidylcholine determined, Results are the average 
+ S.E.M. of three independent experiments performed 

in triplicate. 
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Fig. 3. Effect of different doses of linoleylanilide on the 
incorporation of 3H-arachidonic acid into phosphatidyl- 
choline and phosphatidylinositol. Conditions were as 
described for Fig. 2. The incorporation of 3H-arachidonic 
acid was determined 30 min after the addition of 3H-arachi- 
donic acid. (0) Phosphatidylinositol, (0) phosphat- 
idylcholine. Results are the average t S.E.M. of three 

independent experiments performed in triplicate. 

idylinositol was unaffected by the addition of up to 1 mg/ 
ml linoleylanilide. These results indicate that linoleylanilide 
generates arachidonic acid from phosphatidylcholine, at 
least in part, by inhibiting the acylation of arachidonic acid. 
Whether this effect is due to decreased esterification or to 
an effect on the arachidonoyl specific acylCoA synthetase, 
an enzyme recently described [12], cannot be answered. 
The observation that the effect of linoleylanilide is confined 
to phosphatidylcholine suggests, however, an effect on the 
esterification reaction. Furthermore, our results do not 
exclude the possibility that part of the arachidonic acid 
generated in response to linoleylanilide may be also pro- 
duced by increased phospholipase activity. The mechanism 
by which linoleylanilide generates arachidonic acid from 
phosphatidylinositol probably involves the activation of the 
phosphatidylinositol cycle, since we have previously shown 
that linoleylanilide enhances the incorporation of [ 3H]- 
inositol into phosphatidylinositol [3]. 

Finally, we have investigated the effect of linoleylanilide 
addition to human PMNs on the metabolism of arachidonic 
acid by the lipoxygenase pathway. As shown in Fig. 4, 
linoleylanilide induces the synthesis of LTB4 and 5-HETE. 
These compounds were identified by their mobility under 
two sets of conditions on HPLC as compared to authentic 
standards. As a control experiment, cells were stimulated 
with 5 yM A23187 under conditions known to stimulate the 
synthesis of LTB, and 5-HETE [13]. The behavior on 
HPLC and quantities of these compounds obtained after 
A23187 addition coincided with those obtained after lino- 
leylanilide addition and identified as LTBj and 5-HETE. 
The amount of radioactivity recovered in five independent 
experiments migrating as LTB, and 5-HETE in cells incu- 
bated 2-5 min with 1 mg/ml linoleylanilide was respectively 
1280 C 310 dpm3.5 X 10’ cells and 8700 2 2450 dpm/ 
3.5 x 10’ cells. No significant amount of LTB4 or 5-HETE 
was detected in control cells treated the same way (Fig. 4). 
The accumulation of LTB4 or 5-HETE in response to 
linoleylanilide was transient with a maximum about 2-5 min 
after activation to recover prestimulation levels within 
30 min (not shown). A similar kinetics has been previously 
described in human PMNs stimulated with A23187 [13] or 
zymosan [ 11. About 5% of the arachidonic acid released ts 

10 20 30 40 50 60 

minutes 

Fig. 4. High performance liquid chromatography sep- 
aration of lipoxygenase products of human PMNs treated 
with linoleylanilide. Human PMNs were labelled with 3H- 
arachidonic acid as described under Materials and 
Methods. PMNs were then stimulated with 1 mg/ml lino- 
leylanilide for 2 to 5 min at 37” and lipids extracted for, 
HPLC analysis. (0) Cells treated with linoleylanilide, (0) 
control cells. The retention time of authentic standards is 
indicated by arrows: I, LTB4 and II, 5-HETE. This figure 
shows the results obtained from a single experiment. The 
same pattern was obtained in more than 5 independent 

experiments. 

converted to LTBl after linoleylanilide addition. Probably, 
this indicates that the synthesis of LTB4 after linoleylanilide 
addition only reflects the liberation of arachidonic acid 
from phospholipids and this compound does not stimulate 
the LTB4 synthetic system. 

In conclusion, the present results show that the addition 
to human PMNs of linoleylanilide generates arachidonic 
acid from phosphatidylcholine and phosphatidylinositol. 
Most of the arachidonic acid is released to the medium 
whereas a small part is converted to LTBl. Whether the 
effect of linoleylanilide on LTB4 synthesis is related to the 
inflammatory reactions observed in the patients affected by 
the oil toxic syndrome remains to be determined. 
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Increased microsomal oxidation of ethanol by cytochrome P-450 and hydroxyl 
radical-dependent pathways after chronic ethanol consumption* 

(Received 16 December 1983; accepted 26 April 1984) 

Isolated rat liver microsomes can oxidize a variety of alco- 
hols to their corresponding aldehydes [ 1,2]. Recent experi- 
ments have suggested that microsomes have the potential 
to oxidize alcohols by two pathways [>5]. One pathway 
involves an interaction of ethanol with cytochrome P-450 
and appears to be independent of a significant role for 
oxygen radicals such as the hydroxyl radical (‘OH)? f3,5]. 
In the presence of iron, e.g. iron-EDTA, microsomes 
generate ‘OH [6], and alcohols can be oxidized via inter- 
action with ‘OH generated during microsomal electron 
transfer [3-71. Chronic consumption of ethanol by rats 
results in a 2- to 3-fold increase in the activity of the 
microsomal alcohol-oxidizing system 18, 91. The content of 
cytochrome P-450 is increased, and a distinct cytochrome 
P-450 isozyme is induced which proves to be more active 
than control cytochrome P-450 in catalyzing the oxidation 
of ethanol [lo]. Similar results were reported recently for 
the rabbit liver system 111, 121. Liver microsomes from 
ethanol-fed rats catalyze‘the oxidation of two typical ‘OH 
scaveneers, KTBA and DMSO. at rates which are 2- to 3- 
fold greater than rates found with control microsomes 
[13]. These results suggest that the production of ‘OH 
by microsomes may be increased after chronic ethanol 
consumption, and that this increase may contribute to the 
increase in ethanol oxidation by microsomes. 

The present studies were carried out to evaluate the 
relative roles of the cytochrome P-450 pathway and the 
OH’-dependent pathway in catalyzing the oxidation of 
ethanol by microsomes isolated from rats chronically fed 
alcohol, and from their pair-fed controls, and to investigate 
which of the pathways appears to be responsible for the 
increase in ethanol oxidation by microsomes from ethanol- 
fed rats. 

Materials and metho& 

Male, Sprague-Dawley rats were fed for 4 weeks a 
nutrition~ly adequate liquid diet in which ethanol provided 
36% of the total caiories. Pair-fed littermates consumed the 
same diet except that carbohydrate isocalorically replaced 
ethanol [14]. Prior to the day of sacrifice, the rats received 
2 aliquots of diets, one in the morning and one in the 

* This work was supported by USPHS Grants AA03312 
and AA03508 (Alcohol Research Center) and Research 
Career Development Award 2K02-AA-00003 (A.I.C.) 
from the National Institute on AIcohol Abuse and 
Alcoholism. 

t Abbreviations: ‘OH, hydroxyl radical or a species with 
the oxidizing power of the hydroxyl radical; DMSO, 
dimethyl sulfoxide; and KTBA, 2-keto-4-thiomethylbutyric 
acid. 

evening. Liver microsomes were prepared as previously 
described, washed once, and suspended in 125 mM KC1 
[7]. The oxidation of ethanol and DMSO was assayed as 
previously described [ 131. The final concentration of etha- 
nol was 50mM while DMSO was present at either 33 or 
1OOmM. When indicated, 0.1 mM EDTA was added to 
the reaction system. The DMSO binding spectrum was 
determined by the method of Peterson et al. 1151 using a 
Perkin-Elmer model 554-dual beam spectrophdtometer. 
The concentration of DMSO was 140 mM. and microsomal 
protein was approximately 0.4 mg. The ‘content of cyto- 
chrome P-450 [16] and the activity of NADPH-cytochrome 
c reductase [17] were determined by the indicated 
references. 

All values refer to the mean * standard error of the mean 
(S.E.M.). Statistical analyses were performed by either the 
paired or unpaired Student’s t-test. 

Results and discussion 

Microsomal oxidation of ethanol. Microsomal oxidation 
of ethanol was doubled after chronic ethanol treatment 
(Table 1). Table 1 shows that, when EDTA was added, the 
rate of ethanol oxidation was increased 2-fold with both 
microsomal preparations. This increase probably reflects 
the chelation of adventitious iron in the microsomes to 
produce an iron-EDTA chelate, which catalyzes the pro- 
duction of ‘OH [6]. However, the ethanol-oxidizing activity 
by microsomes from the ethanol-fed rats was still 2-fold 
greater than the rate for the pair-fed controls. Des- 
ferrioxamine, which blocked nearly completely the pro- 
duction of ‘OH by microsomes from control chow-fed rats 
[3], produced 50% inhibition of the rate (in the presence 
of EDTA) of ethanol oxidation bv both microsomal orea- 
arations (‘Table 1). The rate of ethanol oxidation in the 
presence of EDTA plus desferrioxamine was the same as 
the rate in the absence of any chelating agent (compare 
lines 1 and 3 of Table 1). suggesting that desferrioxamine 
blocks the increase of ethanol oxidation produced by 
EDTA. 

With both microsomal preparations a significant rate of 
ethanol oxidation persisted in the presence of a con- 
centration of desferrioxamine which nearly completely 
blocks the production of ‘OH ([3]; see below). This des- 
ferrioxamine-insensitive cytochrome P-450-mediated rate 
of ethanol oxidation was nearly Z-fold greater by micro- 
somes from ethanol-fed rats (Table 1). By subtracting the 
rate of ethanol oxidation in the presence of desferrioxamine 
(or in the absence of any chelating agent) from the total 
rate of ethanol oxidation in the presence of EDTA, the 
‘OH-dependent rate of ethanol oxidation could be calcu- 
lated. This ‘OH-dependent rate of ethanol oxidation, which 
appears to account for about one-half of the total rate 


