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Abstract

The metabolic fate of ethanol into the phospholipid pool
of calf pulmonary artery endothelial cells was studied.
['4Cl-ethanol was incorporated into various endothelial
cell phospholipids including phosphatidylethanol (PEth),
which may represent a substantial fraction in microdo-
mains of membrane phospholipids. The incorporation
into phospholipids was reduced in the presence of pyra-
zole and cyanamide, inhibitors of ethanol metabolism.
Wortmannin, the phosphatidylinositol 3-kinase inhibitor,
increased [4C]-PEth formation. [3H]-acetate was also in-
corporated into endothelial cell phospholipids but in a
different pattern. Distribution of [3H]-acetate and [1%C]-
ethanol into the fatty acyl moiety versus the glycero-
phosphoryl backbone of the phospholipids was also dif-
ferent. Stimulation of the endothelial cells with ATP
increased [3H]-acetate incorporation into platelet-activat-
ing factor (PAF) and ethanol decreased it. Ethanol expo-
sure increased ATP-stimulated [3H]-acetate incorpora-
tion into sphingomyelin. However, ATP had no effect on

the incorporation of ['#C]-ethanol into any phospholip-
ids. The results suggest that the two precursors contrib-
ute to a separate acetate pool and that the sphingomy-
elin cycle may be sensitized in ethanol-treated cells.
Thus, metabolic conversions of ethanol into lipids and
the effect of ethanol on specific lipid mediators, e.g PAF,
PEth and sphingomyelin, may be critical determinants in
the altered responses of the endothelium in alcoholism.

Copyright © 2001 National Science Council, ROC and S. Karger AG, Basel

Early research suggested that ethanol strongly interacts
with biological membranes by partitioning into the lipid
bilayer [19]. More recently, ethanol has been shown to
interact with membrane-associated signal transduction
mechanisms that rely on the reaction of phospholipases
with their phospholipid substrates in the membrane [9,
20]. However, it is not known whether and how much of
this ethanol is distributed into the cellular lipid. The main
pathway for ethanol metabolism involves hepatic alcohol
dehydrogenase (ADH), an enzyme that catalyzes the for-
mation of acetaldehyde. Acetaldehyde is converted to ace-
tate through the activity of another enzyme, acetaldehyde
dehydrogenase. Acetate is in turn converted into acetyl-
coenzyme A (CoA), which can enter a number of path-
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Fig. 1. Metabolism of ethanol. Ethanol is metabolized primarily in the liver, first to acetalde-
hyde by ADH, and then to acetate by aldehyde dehydrogenase (ALDH). Acetate is then con-
verted to pyruvate, which is converted to acetyl-CoA by the pyruvate dehydrogenase com-
plex. Acetyl-CoA is an important component of several biosynthetic pathways, one of which
can lead to the formation of cellular phospholipids and fatty acids. ADH and aldehyde dehy-
drogenase are inhibited (shown by X) by pyrazole and cyanamide, respectively.

ways including phospholipid synthesis (fig. 1) [15]. The
presence and activity of different isoforms of ADH in rat
and in human blood vessels have been studied, thus sug-
gesting that blood vessels themselves may contribute to
extrahepatic ethanol metabolism [1].

Vascular endothelial cells (ECs) play an important role
in mediating the effects of various substances that are
introduced into the body through the circulation. Quies-
cent EC have the important physiological function to
facilitate blood flow by providing an antithrombotic, pro-
fibrinolytic surface that inhibits adhesion of various types
of circulating blood components. EC contribute to vaso-
regulation by releasing compounds such as nitric oxide,
prostacyclin (PGI,), and platelet-activating factor (PAF)
in response to changes in their external cellular environ-
ment [6]. Vascular EC are continuously exposed to etha-
nol circulating in blood; therefore, ethanol can profoundly
affect ECs. One pertinent issue is the incorporation of this
ethanol into specific phospholipid pools, some of which
have roles in cellular signalling responses.

It is well known that ethanol affects fatty acids and
glycerolipid metabolism in liver. The formation of the
phospholipid phosphatidylethanol (PEth) during ethanol
exposure has been implicated in the pathogenesis of alco-
hol-induced organ damage [7]. Hepatic triacylglycerol ac-
cumulations have been described in chronic alcoholism
[12]; however, reports on the effects of ethanol adminis-
tration on the biosynthesis of cellular phospholipids are
few and contradictory [4, 10, 16]. Several researchers
have found that ethanol affects the incorporation and dis-
tribution of various exogenously supplied substrates in
different ways. To our knowledge, there has been no study
of the metabolic fate of ethanol into individual phospho-
lipids. We have addressed this issue using EC.
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Methods

Materials

Fetal bovine serum, pyrazole, cyanamide, wortmannin and the
NAD-ADH assay kit were purchased from Sigma (St. Louis, Mo.).
Minimum essential media, penicillin, streptomycin and glutamine
were purchased from Gibco BRL (Grand Island, N.Y.). The [!*C)-
ethanol and [3H]-acetic acid were purchased from American Radio-
chemicals (St. Louis, Mo.). Propranolol and Ro-31-8220 were pur-
chased from BioMol (Plymouth Meeting, Pa.). The compound
UO126 was purchased from Calbiochem (San Diego, Calif.). Pre-
coated silica gel G thin-layer chromatography (TLC) plates were pur-
chased from Analtech (Newark, Del.).

Cell Culture

The experiments were conducted using calf pulmonary artery
endothelial (CPAE) cells (ATCC CCL289), a bovine (calf) pulmo-
nary artery EC line, between passages 17 and 27. Stock cultures were
routinely maintained in 75-cm? flasks in a 37 °C incubator with an
atmosphere of 95% air/5% CO,. The cells were grown to confluence
in 60-mm culture dishes in a medium of 20% fetal bovine serum and
80% minimum essential medium supplemented with 100 U/ml peni-
cillin, 10 pug /ml streptomycin and 2 mM L-glutamine.

Metabolism of Ethanol by CPAE Cells

CPAE cells (2.5 x 105 were seeded and grown to confluence
(~1 x 106 cells) in 60-mm culture dishes in modified Eagle’s
medium (MEM) supplemented with 20% FBS. The 20% FBS MEM
was aspirated, the cells were washed with PBS, and 1% FBS MEM
containing 100 mM ethanol was added to the plates. Cell-free dishes
with the ethanol-containing media were used as controls. The dishes
were sealed with parafilm to prevent loss of ethanol due to evapora-
tion. Media (10 pl) were collected at the specified time points and the
concentration of ethanol was determined using an NAD-ADH assay
kit.

Incorporation of PH]-Acetate into CPAE Cell Phospholipids

Prior to cell stimulation with agonists, the 20% FBS MEM was
aspirated, the cells were washed with PBS, and 1% FBS MEM con-
taining ethanol was added to the dishes. The dishes were then sealed
with parafilm to prevent evaporation of ethanol. After 8 h of treat-
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ment with ethanol, the media were again aspirated and the cells were
washed with PBS. Next, 1% FBS MEM containing 100 uCi [*H]-
acetate was added to each dish for 10 min. ATP (10 uM/) was added
to each dish for 10 min. Control dishes were incubated for 10 min
without ATP. Cell stimulation was stopped by washing the cells with
ice-cold PBS, adding ice-cold methanol containing 50 mAM acetic
acid, and placing the dishes on ice. The cells were scraped from the
dishes and transferred to glass tubes maintaining ice-cold condi-
tions.

Incorporation of [*CJ-Ethanol into CPAE Cell Phospholipids

The [!4C]-ethanol was acquired from ARC (St. Louis, Mo.) in a
pressure-sealed glass tube. The tube was kept cold with dry ice when
it was opened in order to minimize evaporation. The ['“C]-ethanol
was then diluted with ice-cold 3% BSA-saline for a final activity of
1 uCi/pl. For the ['*C]-ethanol experiments, 5 uCi of [1#C]-ethanol
was added along with varying amounts of unlabelled ethanol to bring
the final concentration of ethanol to 0, 50 or 100 mM. The dishes
were sealed with parafilm during the incubation period with ethanol.
After 8 h of treatment, 10 puM ATP was added to each dish for
10 min. Control dishes were incubated for 10 min without ATP. Cell
stimulation was stopped by washing the cells with ice-cold PBS, add-
ing ice-cold acidified methanol as described above, and placing the
dishes on ice. The cells were scraped from the dishes and transferred
to glass tubes as above.

Extraction and Analysis of Phospholipids

The phospholipid samples were extracted from the cells using a
chloroform-methanol-water system [3]. The samples were centri-
fuged and the organic phase was collected and dried under N»
stream. Ten percent of the extracted total lipids were subjected to
base catalyzed methanolic hydrolysis to analyze the moiety where the
radiolabel was incorporated. The remaining 90% of the extracted
total lipids were fractionated by TLC on precoated silica gel G using
several different systems and visualized by spraying the plates with
2-p-toluidinylnaphthylene 6-sulfonate (TNS) and their positions
compared to known Ry values of standard lipids run in parallel. The
phospholipids phosphatidylcholine (PC), phosphatidylethanolamine
(PE), phosphatidylinositol/phosphatidylserine (PI/PS) and sphingo-
myelin (Sph) were fractionated using either chloroform/methanol/
water (65:35:6; Ry values PC = 0.77, PE = 0.90, PI/PS = 0.67, Sph =
0.63) or chloroform/methanol/water/concentrated NH4OH (65:35:
4:2; Ry values PC = 0.82, PE = 0.86, PI/PS = (.72, Sph = 0.59). PAF
was fractionated using two sequential TLC systems. First, it was sep-
arated in a system of chloroform/methanol/water (65:35:6). The
band comigrating with the PAF standard (R¢ PAF = 0.4) was cut and
scraped off the plate, the phospholipid extracted from the sitica and
dried. The PAF was then purified from the eluted sample using a
second TLC system of water and methanol (80:40). PEth and phos-
phatidic acid (PA; Ry values 0.13 and 0.53, respectively) were frac-
tionated using benzene/chloroform/pyridine/formic acid (45:38:4:
2.2). The appropriate bands were then cut and scraped off the plates,
eluted, dried, and the radioactivity of each band was determined by
liquid scintillation in a Beckman LS-1801 counter. Incorporated
radioactivity is reported as cpm per 1 x 106 cells.

Statistical Analysis
ANOVA followed by Student’s t test was used to determine statis-
tical significance at p < 0.05.

Metabolic Fate of [1*C]-Ethanol into
Endothelial Cell Phospholipids
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Fig. 2. Metabolism of ethanol by CPAE cells. CPAE cells were grown
to confluence in 60-mm culture dishes in 20% FBS media. Cells were
incubated in 100 mAf ethanol for a total of 24 h. Media were col-
lected at specific time points and the concentration of ethanol was
determined using an NAD-ADH assay kit. Cell-free dishes were used
as a control to correct for loss due to evaporation of ethanol. Values
presented are means £ SEM of two experiments.

Results

Metabolic Fate of [1*C]-Ethanol in CPAE Cells

One of the first questions to assess in our study was
whether EC could metabolize ethanol, and the extent of
its incorporation into lipids. Confluent CPAE monolayers
were incubated with 100 mAf ethanol and media were
sampled at the indicated time points and analyzed for
alcohol content using an NAD-ADH assay kit. Cell-free
control dishes were used to correct for loss of ethanol due
to evaporation. As shown in figure 2, between 0 and 12 h,
only 5% of the ethanol was metabolized by the CPAE
cells. However, by 24 h, the cells had metabolized 15% of
the ethanol in the media. Figure 3 shows incorporation of
[14C]-ethanol into CPAE cell total lipids. In one set, cells
were stimulated with ATP (10 min) after 8 h of labelling.
The graph indicates that with an increasing concentration
of unlabelled ethanol, incorporation of the [4C]-ethanol
was decreased, suggesting that ethanol was incorporated
into the lipid pool and the observed decrease in incorpo-
ration was due to dilution of the ['4C]-ethanol with unla-
belled ethanol. Stimulation with ATP had no effect on the
lipid radioactivity.

Next, incorporation of ['*C]-ethanol was monitored
under stimulated conditions using ATP as an agonist.

J Biomed Sci 2001;8:143-150 145
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Fig. 3. Total ['“C]-ethanol incorporated into CPAE cell lipids. CPAE
cells were incubated with the indicated concentrations of cold etha-
nol +5 pCi of [“C]-ethanol for 8 h. In one set, cells were stimulated
with ATP for 10 min at the end of labelling. Lipids were extracted
from the cells and the amount of ['“C]-ethanol incorporated into total
lipids was determined by liquid scintillation counting. The values are
presented as cpm + SEM of three experiments.

Table 1 shows the relative distribution of [!4C]-ethanol
into various phospholipids as percentages of the total
recovered [14C] radioactivity from TLC fractionation and
purification. At each concentration of ethanol, approxi-
mately half of the recovered radioactivity was found in
the PC fraction. Incorporation of [!4C]-ethanol into neu-
tral lipids and Sph was approximately 17 and 15%,
respectively. About 5% of the radioactivity was in the
[14C]-PEth fraction. Other phospholipids had a much low-
er incorporation. Interestingly, a small but reproducibly
significant fraction, 0.5%, of the ['*C]-ethanol was incor-
porated into PAF (table 1). However, there was no change
in the distribution of cellular lipids with ATP stimulation
(data not shown).

Figure 4a shows the incorporation of [4C]-ethanol into
total CPAE cell lipids after pretreatment of the cells with
pyrazole (2 mAM) and cyanamide (200 paf), inhibitors of
ethanol metabolism (see fig. 1). In the presence of each
of these inhibitors, incorporation of [!“C]-ethanol into
CPAE cell total lipids was reduced by about 30%. How-
ever, when these inhibitors were used combined at the
above concentrations, the CPAE cells detached from the
culture plates during the incubation period, indicating
that such treatment was toxic (data not shown). Inhibitors
of various intracellular signalling components [wortman-
nin for PI-3 kinase, Ro-31-8220 for protein kinase C
(PKC), UO126 for mitogen-activated protein kinase, pro-
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Table 1. Distribution of ['“C]-ethanol into CPAE cell phospho-

lipids
[14C]-labelled Ethanol

lipid 50 mM 100 mM 200 mM
PC 56.2+0377  47.5+2.73 48.0£2.30
Neutral lipids ~ 16.0£0.586  17.4+0.312  18.3+0.417
Sph 14740279  15.6£0294  15.1%0.320
PI/PS 3.6+0.226 8.842.59 8.3%1.89
PE 5.0%0.125 5.00.202 4.9+0.082
PEth 4.0+0.707 5.3£0.255 4940271
PAF 0.5+0.040 0.4£0.065 0.6£0.133

Confluent CPAE monolayers were incubated for 8 h with ethanol
at the concentration shown +5 uCi of [!4CJ-ethanol, and then incu-
bated with or without 10 pM ATP for 10 min. Total cell lipids were
extracted and then fractionated by TLC. Bands corresponding to co-
migrating standards were scraped and radioactivity determined by
liquid scintillation counting. Results are presented as the level of
[“C] radiolabel in a particular fraction as a percentage of total
radioactivity recovered from each sample lane on the TLC plate. Val-
ues are the mean percentages + SEM of two experiments.

pranolol for phosphatidate phosphohydrolase] were also
used. These inhibitors individually had no effect on the
incorporation of ['4Cl-ethanol into total CPAE lipids
(data not shown). However, incorporation of PEth was
increased in the presence of wortmannin (fig. 4b). Again,
ATP stimulation had no effect on the incorporation.

Effect of Ethanol on [FH]-Acetate Incorporation in

CPAE Cell Phospholipids

Ethanol is metabolized to acetaldehyde, then acetate,
which is subsequently incorporated into cell phospholip-
ids. In the case of PAF biosynthesis, exogenous acetate
can be used for acetyl-CoA production, which then trans-
fers its acetate to the sn2-acetyl group on PAF via an ace-
tyl-CoA transferase enzyme. We, therefore, investigated
whether directly supplied [3H]-acetate would also be in-
corporated into phospholipids and PAF in these cells.
Duplicate samples of CPAE cells were incubated for
10 min in low serum medium with 100 uCi [3H]-acetate
followed by 10 min stimulation with 10 pA ATP. Control
cells, which were not exposed to ATP, were incubated for
a total of 20 min with [3H]-acetate. Total cell lipids were
then isolated and radioactivity was determined. Figure 5
shows that with increasing concentration of ethanol, there
was a decrease in the incorporation of [3H]-acetate into
CPAE cell phospholipids, likely due to dilution of the
[3H]-acetate pool by the acetate derived from the ethanol
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Fig. 4. Effect of inhibitors on the incorporation of [14C]-ethanol into
CPAE cell lipids. Confluent monolayers of CPAE cells were pre-
treated with either 200 uM cyanamide or 2 mM pyrazole (a) or
10 uM wortmannin (WM), 10 uM Ro-31-8220 (Ro), 10 udM UO126
or 100 uM propranolol (Prop) (b} for 1 h before incubation in 50 mAf
ethanol +5 pCi '“C-ethanol for 8 h. Total cell lipids were extracted
and incorporation of ['4C]-ethanol was determined by liquid scintil-
lation counting. Data are represented as cpm = SEM of two experi-
ments. *p < 0.05.

metabolism. Thetotal cell lipids were then analyzed by
TLC fractionation to determine incorporation of [*H}-
acetate into individual phospholipids (table 2). In con-
trast to the observed distribution of [4C]-ethanol into
phospholipid classes, a majority (55%) of the [*H]-acetate
was incorporated into neutral lipids and 35% into PC.
The other phospholipids showed relatively small percent-
ages of distribution. Again, a small fraction of [*H]-ace-
tate was incorporated into PAF. Ethanol treatment did
not affect percent incorporation of [3H]-acetate into phos-
pholipids. Stimulation of the CPAE cells with ATP de-
creased the incorporation of [*H]-acetate into neutral lip-
ids and increased the incorporation into Sph.

Metabolic Fate of [14C]-Ethanol into
Endothelial Cell Phospholipids
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Fig. 5. Effect of ethanol on the incorporation of [*H]-acetate into
CPAE cell lipids. CPAE cells were incubated with the indicated con-
centrations of ethanol for 24 h. The cells were then incubated in
media containing 100 pCi [3*H}-acetate for 10 min, and incubated for
an additional 10 min with or without 10 pM ATP. Lipids were
extracted from the cells and the amount of [*H]-acetate incorporated
into phospholipids was determined by liquid scintillation counting.
The values are presented as cpm £ SEM of three experiments.

Analysis of Incorporation of [14CJ-Ethanol or

[PH]-Acetate in Fatty Acid and Glycerophosphoryl

Moieties

We next investigated the extent of incorporation of
['4C]J-ethanol or [*H]-acetate into the phospholipid head
group-containing glycerol backbone and into the fatty
acid side chains. Table 3 shows the results of methanolic
hydrolysis of total cell lipids. The basal level of distribu-
tion of [3H]-acetate was 13% in the water-soluble fraction
and 87% in the fatty acid moiety. Stimulation of the cells
with ATP slightly increased incorporation into the water-
soluble fraction with a concomitant decrease in distribu-
tion into the lipid-soluble fraction. Increasing the concen-
tration of alcohol also increased the incorporation of [*H]-
acetate into the water-soluble fraction. However, in the
case of [14C]-ethanol, approximately 95% of the [!4C]-eth-
anol was incorporated into the fatty acid side chains. Nei-
ther increasing the concentration of alcohol nor stimula-
tion of the cells with ATP significantly altered the pattern
of distribution of [14C]-ethanol between the water-soluble
and lipid-soluble fractions.

Production of PAF by CPAE Cells

Since PAF is a potent lipid mediator involved in EC
interactions with other cells (e.g. neutrophils), we investi-
gated more closely the PAF production by these cells. The

J Biomed Sci 2001:8:143-150 147



Table 2. Effect of ethanol and ATP on
distribution of [*H]-acetate into lipids in
CPAE cells

Table 3. Effect of ethanol on distribution
of [3H]-acetate or [14C]-ethanol into fatty
acyl or water-soluble fraction of
phospholipids

[*H]-labelled No ethanol 50 mM ethanol

lipid -ATP +ATP -ATP +ATP
Neutral lipids 55.6x0.4 495124 56.3+0.8 429144
pC 35.1x2.7 39.9+2.0 35.3£2.3 32.5x1.9
PE 44=x2.5 2.6x0.5 2.2+0.1 2.1+0.1
PI/PS 2.1+0.1 1.65+£0.7 1.9£1.5 1.1£0.5
Sph 1.5+0.2 46+1.2 3.3£02 17.0£6.8*
PAF 1.4%0.1 1.7£0.6 0.9 £0.1 44+3.6

Confluent CPAE cell monolayers were incubated for 24 h in ethanol at the concentrations
shown, incubated for 10 min with 100 puCi [*H]-acetate and then for an additional 10 min
with or without 10 uM ATP. Total cell lipids were extracted and subjected to TLC fractiona-
tion. Each lipid band was identified by its R value, scraped, and incorporated [?H]-acetate
was determined by liquid scintillation counting. Results are reported as the [*H]-acetate acti-
vity in a particular TLC fraction as a percentage of the total [*H]-acetate activity recovered
from each sample lane on the TLC plate. Values are percent distribution £ SEM for two
experiments. * p < 0.05.

Ethanol 3H-acetate incorporation 14C.ethanol incorporation
water-soluble lipid-soluble water-soluble lipid-soluble
-ATP +ATP -ATP +ATP -ATP +ATP -ATP +ATP
0 134 15.1 86.6 84.9 - - - -
50 mM 14.6 17.1 85.4 82.9 4.8 5.2 95.2 94.8
100 mAM - - - - 3.6 2.7 96.4 97.3
200 mM - - - - 2.6 3.5 97.4 96.5

Distribution in CPAE cell phospholipids into fractions after methanolic hydrolysis. Con-
fluent CPAE cell monolayers were incubated with or without ethanol and with either 100 pCi
3H-acetate or 5 uCi “C-ethanol. The cells were then incubated for 10 min with or without
ATP and then total cell lipids were extracted. Ten percent of the extracted total lipids were
subjected to base catalyzed methanolic hydrolysis to analyze the moiety where the [’H]-aceta-

te or [!4C]-ethanol was incorporated.

PAF pool was labelled by both ['*C]-ethanol and [*H]-ace-
tate. Figure 6 indicates that treatment of the [*H]-acetate-
exposed cells with ATP for 10 min stimulated a 4-fold
increase in formation of [*H]-PAF. A 24-hour pretreat-
ment of the cells with either 50 or 100 mA ethanol
decreased basal [*H]-PAF; however, stimulation of the
ethanol-treated cells with 10 pM ATP for 10 min stimu-
lated only a 1- and 2-fold increase, respectively.

We also investigated the pattern of [14C]-ethanol incor-
poration into PAF. Figure 7 shows that increasing time of
incubation with 50 mAf [!*C]-ethanol resulted in in-
creased ['*C]-PAF. However, unlike the incorporation of

148 J Biomed Sci 2001:8:143-150

[3H]-acetate, treatment of the cells with 10 uM ATP for
10 min did not result in increased incorporation of [!4C]-
ethanol into [!4C]-PAF.

Discussion

As far as it can be ascertained, this is the first report of
metabolic incorporation of [!4C]-cthanol into various cel-
lular phospholipids of EC. Bioactive lipids in EC play a
central role in vascular homeostasis and the response to
injury. Studies suggest that alcohol acts mainly on the

Magai/Shukla



acyltransferase activities involved in the remodeling of
membrane phospholipids. Since the incorporation of ra-
dioactivity into each phospholipid is an index of the met-
abolic turnover of its acyl chains and head groups, we
determined the effect of ethanol on the distribution of
radioactivity among different phospholipids (PA, PAF,
PE, PEth, PS, PC, Sph) as well as in neutral lipids. In
examining the incorporation of [14C]-ethanol and of [3H]-
acetate into phospholipids, there was a striking contrast in
the pattern of distribution. Whereas [!*C]-ethanol was
mostly incorporated into PC with neutral lipids account-
ing for much less, [3H]-acetate was incorporated mostly
into neutral lipids with PC being second. Also, the effect
of increased concentration of ethanol caused a dramatic
decrease in the total incorporation of [3H]-acetate while
showing little effect on the distribution of [1*C]-ethanol. It
can be inferred that even though the [14C]-ethanol is being
metabolized to acetate, it is possibly contributing to a sep-
arate acetate pool than that of the directly supplied [3H]-
acetate. Also, cyanamide and pyrazole caused decreases
in [!4C]-ethanol incorporation into lipids and this is con-
sistent with the metabolic conversion of ethanol into ace-
tate and then to lipids.

PAF is not constitutively synthesized nor is it stored in
resting, unactivated cells [17]. Rather, it is rapidly synthe-
sized in response to agonists [5, 11, 14]. Previous research
has demonstrated that EC synthesize PAF in response to
stimulation with ATP [13]. In our present studies, we
investigated the effect of alcohol on ATP-induced PAF
accumulation. The acetate arising from ethanol metabo-
lism was subsequently incorporated into various EC lip-
ids. There was a marked difference in the response of the
cells. Cells incubated with [3H]-acetate showed increased
incorporation of [3H]-acetate into PAF upon cell stimula-
tion with ATP. In the cells incubated with [!4C]-ethanol,
treatment with ATP did not result in increased incorpora-
tion of [!4C]-ethanol into PAF. These data suggest that the
acetate (directly supplied [*H]-acetate or [!4C]-ethanol-
derived acetate) may exist in distinct pools that are differ-
ently affected by ATP stimulation.

PC is the preferred phospholipid hydrolyzed by phos-
pholipase D (PLD) to produce PA and choline. In the
presence of ethanol, the enzyme PLD catalyzes transphos-
phatidylation to form PEth [18]. In [!*C]-ethanol-treated
cells, PEth constituted approximately 5% of the recovered
activity in phospholipids. This value is much higher than
that reported before where PEth concentration was found
to reach 0.5-1% of total celtular lipids [7]. In EC, this may
represent a substantial fraction in microdomains of mem-
brane phospholipids and may effect changes seen in intra-

Metabolic Fate of ['*C]-Ethanol into
Endothelial Cell Phospholipids
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Fig. 6. Effect of ethanol and ATP on the incorporation of [H]-
acetate into PAF in CPAE cells. Confluent CPAE cells were incu-
bated in ethanol containing media for 24 h. Following that incu-
bation period, the cells were then incubated in media containing
100 pCi [3H]-acetate for 10 min and then stimulated for 10 min with
10 uM ATP. Total cell lipids were extracted and fractionated in two
sequential TLC steps to purify PAF. The amount of [3H]-acetate
incorporated into PAF was determined by liquid scintillation count-
ing of the eluted lipid. Results are presented as cpm £ SEM of two
experiments. *p < 0.05.

Fig. 7. Time course of incorporation of [!“C]-ethanol into PAF in
CPAE cells. Confluent CPAE cells were incubated in media contain-
ing 50 mM ethanol and 5 pCi ['“Cl-ethanol for the times indicated.
Following this incubation, the cells were then incubated with or with-
out 10 pM ATP for 10 min. Total cell lipids were extracted and frac-
tionated in two sequential TLC steps to purify PAF. The amount of
[14C]-ethanol incorporated into PAF was determined by liquid scin-
tillation counting of the eluted lipid. Results are presented as cpm *
SEM of two experiments.

cellular signalling in ethanol-exposed cells. Inhibition of
PI-3 kinase, PKC, mitogen-activated protein kinase, and
modulation of PLD activity had no effect on the incorpo-
ration into lipids other than PEth. In this case, it can be
proposed that in EC, inhibition of the PI-3 kinase path-
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way, in some manner, has a negative influence on basal
PEth formation in the presence of ethanol. The formation
of PEth brings to bear its effect on membrane characteris-
tics. It has been demonstrated that for at least one PKC
isoform, PEth can specifically take the place of PS in acti-
vating PKC [2]. This observation raises the interesting
question of the role of PEth, in addition to PS, in EC sur-
face interactions with neutrophils and platelets [6].

In the CPAE cells incubated with [3H]-acetate, there
were changes seen in Sph formation both with ethanol
treatment and upon stimulation with ATP. There is accu-
mulating evidence that sphingolipids can affect steady
state concentrations of choline-containing glycerolipids
such as PC. It is well established that glycerophospho-
lipids and their metabolic products such as diacylglycerol,
inositol 1,4,5-trisphosphate (IP3), PAF and eicosanoids
function as mediators in signal transduction and cellular
responses. More recently it has been hypothesized that
membrane sphingolipids could serve in signal transduc-
tion pathways. A Sph cycle has been described in which
activation of a sphingomyelinase leads to the breakdown
of Sph and the generation of phosphocholine and ceram-
ide [8]. This cycle is thought to be analogous to the genera-
tion of IP; and diacylglycerol from the phospholipase C-

mediated hydrolysis of inositol phospholipids. Ceramide
has been shown to modulate a number of downstream
events such as protein phosphorylation, phosphatase acti-
vation, downregulation of the c-myc protooncogene, and
apoptosis. The changes seen in incorporation of [3H]-ace-
tate into Sph with ethanol treatment, as well as under
stimulated conditions (+ATP), suggest that activation of
the Sph cycle may be involved in the altered signal trans-
duction observed in cells exposed to ethanol.

The vascular endothelium is not only a structural bar-
rier between circulation and organs, it also plays a pivotal
role in responding quickly to environmental changes that
influence the regulation of blood flow. In this regard, the
maintenance of adaptive processes in the EC is of great
importance in both normal and disease states. We have
shown in this study that vascular EC actively metabolize
alcohol and that a portion of this alcohol is incorporated
into different cell lipids, some of which are biologically
active, such as PAF. Signalling by PAF is closely linked to
adhesive reactions between cells involved in inflammato-
ry responses and the vascular endothelium [6]. Thus the
effect of alcohol on PAF and other lipids (e.g. PEth, Sph)
may be critical determinants in the pathophysiological
responses of the alcoholic endothelium.
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