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Abstract

Cultured porcine aortic endothelial cells were conditioned
through two passages to mimic euglycemic and hyperglycemic
conditions (5.2 mM, normal glucose; 15.6 mM, elevated glu-
cose). After incubation with 1 ,uM I'4Clarachidonic acid for 24
h, the cells were stimulated with 1 ,uM A23187 for times up to
30 min. Uptake of ['4Clarachidonic acid and its distribution
among cell lipids were unaffected by the increased glucose
concentration. The release of eicosanoids from labeled cells
and unlabeled cells was measured by reverse-phase HPLCand
by RIA, respectively. Compared with cells stimulated in the
presence of normal glucose concentrations, cells stimulated in
the presence of elevated glucose released 62.6% less free 114q-
arachidonic acid, but released 129% more 14C-labeled 15-hy-
droxyeicosatetraenoic acid (HETE). Increased release of 15-
HETE in the presence of elevated glucose in response to
A23187, bradykinin, and thrombin was confirmed by RIA. A
similar increase in 5-HETE release was observed by RIA after
A23187 treatment. The release of both radiolabeled and unla-
beled prostanoids was equal at both glucose concentrations.
The data indicate that glucose may play an important role in
the regulation of release and metabolism of arachidonic acid
after agonist stimulation. In the presence of elevated glucose
concentrations, such as those associated with diabetes mel-
litus, the extent and pattern of eicosanoid release from endo-
thelial cells is markedly altered.

Introduction

Altered eicosanoid production is among the many factors im-
plicated in the pathogenesis of diabetic vascular disease. Both
elevated platelet TXA2 and diminished vascular prostacyclin
(PGI2) synthesis have been reported (1, 2). In addition to cy-
clooxygenase-derived products, both platelets and endothelial
cells produce hydroxyeicosatetraenoic acids (HETEs),1 metab-
olized by the lipoxygenase pathway of arachidonic acid oxy-
genation (3-7). Several studies have suggested that these
HETEs may influence the production of PGI2 (7, 8). Glucose
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has been shown to enhance the production of 12-HETE in
pancreatic islet cells (9, 10).

Our present studies were undertaken to examine the effect
of glucose on eicosanoid production by cultured porcine aortic
endothelial cells. Eicosanoid biosynthesis was induced by both
receptor-mediated (bradykinin and thrombin) and receptor-
independent (ionophore A23187) agonists. Our data demon-
strate that, regardless of the stimulus used, an increased glu-
cose concentration strikingly augments the production of 15-
HETEbut diminishes the release of free arachidonic acid.

Methods

Culture and conditioning of porcine aortic endothelial cells. Porcine
aortic endothelial cells were isolated and cultured by methods pre-
viously described (1 1, 12). Cells were cultured in DMEcontaining 10%
FCS (Biofluids, Rockville, MD) and 1,000 U/ml of penicillin Gand
100 ,gg/ml of streptomycin. This complete medium was replaced every
2 d and used throughout subsequent cultures unless otherwise stated.
At confluence, the aortic endothelial cells appeared as typical "cobble-
stone" patterned monolayers and stained positively for the acetylated
low density lipoprotein receptor and the Factor VIII-related antigen.

Cells were subcultured by exposure to 0.05% trypsin (Type I; Sigma
Chemical Co., St. Louis, MO), 0.02% EDTAin Ca2", Mg2+-free HBSS,
pH 7.4, using a split ratio of 1:4. After the second to third passage, cells
were divided into two groups and grown through two passages under
conditions of normal glucose (5.2 mM;G-N cells) and elevated glucose
(15.6 mM; G-E cells). All media used during subsequent labeling and
stimulation contained the above concentrations of glucose. All glucose
supplements were conducted by the addition of f3-D(+)-glucose (Sigma
Chemical Co.) to the culture medium. All experiments utilized cul-
tured cell monolayers that were confluent.

Cell proliferation. After the first passage under G-N or G-E condi-
tions, confluent cultures were trypsinized and subcultured at a split
ratio of 1:4 into their respective culture conditions. Daily cell counts
were performed, after dispersion with trypsin, using a hemocytometer.
Cell doubling times were obtained from the linear portion of the curve
obtained by plotting the log cell number against the number of hours in
culture.

Protein determination. Total protein was determined by a protein
assay system according to the manufacturer's instructions (Bio-Rad
Laboratories, Richmond, CA) using BSA as the standard. Cellular
material used for protein determinations was obtained as follows.
Confluent cell cultures in 100-mm dishes were washed three times with
5 ml of Ca2", Mg2+-free HBSSand digested directly with 2.5 ml of 1 M
NaOHovernight at ambient temperature. The digest was neutralized
with 2.5 ml of 1 MHC1before assay. In other experiments, isolated cell
suspensions were obtained by dispersion with 0.02% EDTAand di-
gested and assayed as above.

Labeling with ['4CJarachidonic acid and stimulation with A23187.
Confluent cultures were rinsed twice with DME. A final concentration
of 1 gM [I -'4C]arachidonic acid (DuPont NewEngland Nuclear, Bos-
ton, MA; 54.9 mCi/mmol) complexed to 1 ,uM BSA (essentially fatty
acid free; Sigma) in 10 ml of complete medium was added to the plates
and incubated for 24 h. After 24 h, the cells were rinsed twice with
DMEand reincubated with 10 ml of this medium containing 0.05
mg/ml BSA. The plates were allowed to equilibrate in the incubator for
2 h before further experimentation.
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[14C]Arachidonic acid-labeled cells were incubated with 1 AM
A23 187 (Sigma) or an equivalent concentration (0.02%) of dimethyl
sulfoxide (vehicle) for varying times up to 30 min. At completion of the
time interval the medium was aspirated, acidified to pH 3.5 with 1 M
formic acid, and extracted three times with equal volumes of ethyl
acetate.

Resolution of '4C-labeled eicosanoids by HPLC. The ethyl acetate
extracts were dried under nitrogen and resuspended in 200 Ml of aceto-
nitrile. An aliquot of the extract was injected into a high performance
liquid chromatograph (Waters Associates, Milford, MA) fitted with an
Altex Ultrasphere ODSreverse phase column (5 Mum, 250 X 4.6 mm).
Elution was monitored by absorption at 192.5 nm and by the '4C
radioactivity in the collected fractions.

Eicosanoids were eluted at a flow rate of 1.5 ml/min using a three-
step solvent system of acetonitrile/0.0 17 MH3PO4, pH 3.3 as follows:
(step 1) 32:68; (step 2) 50:50; and (step 3) 75:25, for 30, 20, and 26 min,
respectively. Authentic prostaglandin (PG), leukotriene (LT), and
HETEstandards (Cayman Chemicals, Ann Arbor, MI) were used as
references. I-min fractions were collected and 14C radioactivity was
assessed by liquid scintillation counting. Radiochromatographic peaks
were matched with ultraviolet spectrophotometric peaks for identifi-
cation. Column recovery and extraction efficiency both exceeded 95%.

RIA of eicosanoids. In separate experiments 6-keto-PGFIa, 5-
HETE, and 15-HETE were measured by RIA following stimulation
with 1 MMA23 187 (as above), 1 MMbradykinin, or 2.5 U/ml human
thrombin (both from Sigma). The experiments were otherwise identi-
cal to the procedures described above except that exogenous arachi-
donic acid was not added to the cell cultures. At various time points
after the addition of agonist the medium was aspirated, transferred into
plastic tubes, acidified, and immediately frozen for subsequent RIA.

Antisera against 6-keto-PGF1, (Dr. Lawrence Levine, Brandeis
University, Waltham, MA), 5-HETE, and 1 5-HETE (Advanced Mag-
netics, Boston, MA) demonstrated < 5% cross-reactivity with other
major eicosanoids tested. Standard curves and dilutions were per-
formed in DMEcontaining 0.05% BSA. Standard curves performed
with the addition of glucose (15.6 mM) were identical to those per-
formed in normal glucose. Other assay conditions were as previously
described ( 13).

Results

In preliminary experiments we observed that increasing the
concentration of glucose in the culture medium had no effect
on the net uptake of ['4C]arachidonic acid (1,1 17±41 X I03
cpm into G-N cells and 1,117±49 X 103 cpm into G-E cells at
24 h, mean±SE, n = 3) nor its distribution in cellular phospho-
lipids. Cell morphology and growth (- 6.5 X 106 cells/100
mmdish at confluence) were also unaffected by the elevated
glucose. Cell doubling times were identical (31.1 ± 1.3 h under
G-N conditions and 31.1±1.2 h under G-E conditions,
mean±SE, n = 3). Total cellular protein was likewise unaltered
by glucose treatment (171±6.0 gg/106 cells, G-N and 167±6.3
Mg/ 106 cells, G-E; mean±SE, n = 5). Identical data were ob-
tained regardless of whether the intact monolayer was digested
or if dispersed cells were used. The distribution of 14C radio-
activity among the major lipids was as follows. For G-N
cells: neutral lipid, 6.7±0.9%; phosphatidylethanolamine,
45.0±2.4%; phosphatidylinositol, 24.7±1.4%; phosphatidyl-
choline, 22.0±1.5% and phosphatidylserine, 1.5±0.3%. For
G-E cells: neutral lipid, 7.7±1.3%; phosphatidylethanolamine,
43.4±3.2%; phosphatidylinositol, 23.5±2.7%; phosphatidyl-
choline, 24.3±1.4% and phosphatidylserine, 1.1±0.6%. Cellu-
lar lipids were extracted and analysed as previously described
(12). The present data are in good agreement with these pre-
vious results. Despite the lack of effect of glucose on the total

cellular uptake and distribution of ['4C]arachidonic acid, in-
creased glucose exerted a marked effect on the ionophore-in-
duced release of `4C radioactivity. Total release of 14C radioac-
tivity, expressed as percentage of total radioactivity incorpo-
rated, was the same at both glucose concentrations for the
initial 10 min after ionophore stimulation: 16.6±2.2%, G-N
cells; 16.9±2.7%, G-E cells (mean±SE, six experiments per-
formed in duplicate; 5 X I05 cells/32-mm plate). In G-N cells,
net release of radioactivity doubled during the next 20 min
(35.4±1.3% release at 30 min), but in cells stimulated in the
presence of increased glucose there was no further net release
of radioactivity (16.9±1.3% release at 30 min). In parallel ex-
periments, the release of 6-keto-PGFI, as measured by RIA
was similar in G-N and G-E conditions, both at 10 min
(5.9±0.5, G-N; 5.8±0.6, G-E; ng/plate) and 30 min (7.9±0.3,
G-N; 8.2+0.7, G-E; ng/plate).

In subsequent studies, these preliminary observations were
examined in more detail. The time course of release of total
I4C radioactivity in response to 1 ,uM A23 187 is shown in Fig.
1. The rates of net release were similar at both glucose concen-
trations for 10 min. Thereafter, release continued at an ap-
proximately linear rate from G-N cells but the net release from
G-E cells was significantly depressed (P < 0.05).

The observed effects of elevated glucose on ionophore-in-
duced release of radioactivity were both sugar specific and not
due to increased osmolarity. Equiosmolar concentrations of
mannose, mannitol, sucrose, or L-glucose were substituted for
the additional glucose in the conditioning and stimulation reg-
imens. The release of radioactivity under these conditions was
identical to the release from G-N cells (Fig. 2). The effect of
increased glucose concentration on the ionophore-induced re-
lease of radioactivity could be induced by a 2-h incubation
with increased glucose, and reversed within 2 h by incubating
G-E cells in 5.2 mMglucose (data not shown).

Resolution of the ['4C]eicosanoid classes released into the
medium in response to 1 gMA23 187 is shown in Fig. 3. The
higher glucose concentration did not alter the time course or

magnitude of release of cyclooxygenase products. In data not

shown, no differences were observed in the release of individ-
ual '4C-labeled prostaglandins. This data is consistent with our

preliminary data on 6-keto-PGFia measured by RIA. In con-
trast, striking disparities were noted in the appearance of ra-
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Figure 1. Effect of elevated
glucose on the release of '4C-
radioactivity from stimulated
endothelial cells. Cultured por-
cine aortic endothelial cells
were conditioned in two con-
centrations of glucose (5.2
mM, normal glucose, G-N;
15.6 mM, elevated glucose,
G-E). Confluent cultures (6.5
X 106 cells/100 mmplate)
were prelabeled with 1 AM
["4C]arachidonic acid/l AM

bovine serum albumin in 10% FCS for 24 h. The net uptake of [14C]-
arachidonic acid was 1117±41 X 103 cpm, G-N cells; 1117±49 X 103
cpm, G-E cells. After rinsing, cells were stimulated with I uM
A23 187 or vehicle (broken lines) for the times indicated. Data are ex-
pressed as the mean±SE of three experiments performed in dupli-
cate. *P < 0.05 as determined by the paired t test.
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Figure 2. Specificity for glucose in the pertubation of eicosanoid re-
lease. Cultured porcine aortic endothelial cells were conditioned
through two passages and labeled with [14C]arachidonic acid in me-
dium containing a normal glucose concentration (5.2 mM, G-N) or
with an additional 10.4 mMof the sugars indicated. The confluent
cells were then stimulated with 1 gMA23 187. Details of the condi-
tioning, labeling, and stimulation may be found in Methods and the
legend to Fig. 1. The data indicate the percentage of total cellular '4C
radioactivity released into the medium upon stimulation with the
ionophore A23 187. Values represent the mean of two experiments
each performed in triplicate. There was < 10% difference in the data
obtained from each experiment.

diolabeled lipoxygenase-derived products and free [14C]-
arachidonic acid. The net rates of release of lipoxygenase-de-
rived products diverged after 10 min and were significantly
different at 30 min. The net release of free ['4C]arachidonic
acid in the medium increased at a near-linear rate throughout
the time course for G-N cells (- 9.1 X 103 cpm/min). G-E

10 15 20 25 30
MINUTES

Figure 3. Effect of glu-
cose concentration on
the release of '4C-la-
beled eicosanoids from
stimulated endothelial
cells. Cultured porcine
aortic endothelial cells
(6.5 X 106 cells/ 100
mmplate) were condi-
tioned in 5.2 mMglu-
cose (G-N) or 15.6 mM
glucose (G-E) and pre-
labeled with 1 MM['4C]-
arachidonic acid/l ,uM
bovine serum albumin
for 24 h (for further de-
tails see Methods and
legend to Fig. 1). After
rinsing, the cells were
stimulated with 1 AM
A23 187 for the times
indicated. The medium
was extracted and eico-
sanoids were resolved
by reverse-phase HPLC.
Data are expressed as
the mean±SE of three
experiments performed
in duplicate. *P < 0.05
as determined by the
paired t test.

cells released ['4C]arachidonic acid at a slower rate (- 8.2
X 103 cpm/min) for the first 5 min and - 2.7 X 103 cpm/min
thereafter.

The time course of release of the two major lipoxygenase
products, 5- and 1 5-HETE, is illustrated in Fig. 4. At all time
points, the release of 5-HETE from G-E cells was greater than
from G-N cells, although the absolute difference was not sta-
tistically significant. The initial release of 1 5-HETE was simi-
lar from both groups of cells, but G-E cells released more
1 5-HETE at later time points (a significant increment of 129%
at 30 min).

In experiments not using radiolabeled arachidonic acid,
the release of 1 5-HETE, 5-HETE, and 6-keto-PGF1a was mea-
sured directly by RIA (Tables I-III). These mass determina-
tions confirmed that between 10 and 30 min G-E cells released
greater amounts of 5- and 15-HETE, but not 6-keto-PGFia.
Although the various agonists resulted in different absolute
amounts of eicosanoids released, significant increases were
observed for 15-HETE, independent of the agonist used. A
significant increase in the release of 5-HETE by G-E cells was
noted after stimulation with the ionophore. Elevation of the
glucose concentration was without effect on agonist-induced
release of 6-keto-PGFIa.

In other experiments, confluent cultures were incubated
with 1 ,uM unlabeled arachidonic acid (NuChek Prep., Elysian,
MN) bound to 1 AtM BSA in complete medium for 24 h before
stimulation. Levels of immunoreactive 15-HETE, 5-HETE,
and 6-keto-PGFIa measured under these conditions were es-
sentially identical to those measured in experiments without
exogenous arachidonic acid addition (data not shown).

Discussion

Our experiments were undertaken to determine if increased
glucose concentrations influenced the rate and pattern of eico-
sanoid elaboration by stimulated endothelial cells. The prelim-
inary data presented in the text and the more detailed data in
Fig. 1 demonstrate that elevated glucose had no effect on the
initial release of total '4C radioactivity from cells labeled with

30 5-HETE Figure 4. Effect of ele-
25-HEE vated glucose on the re-

20 lease of '4C-labeled
o HETEs from stimulated
x 15. T endothelial cells. Cul-

QL 10 L G-E1 tured porcine aortic
5 - G-N endothelial cells (6.5

X 106 cells/100 mm

0 * plate) were conditioned
15-HETE G- in two concentrations

25 T of glucose and labeled
20 i with 1 MM['4C]-

x 15 /C-N arachidonic acid/ I iAM
a. lo i/ 1bovine serum albumin

for 24 h (for further de-
5- Sl 1 1 tails see methods and
0 5 10 15 20 25 30 legend to Fig. 1). After

MINUTES rinsing, the cells were
stimulated with 1 ,uM

A23 187 for the times indicated. The medium was extracted and eico-
sanoids were resolved by reverse-phase HPLC. Data are presented as
the mean±SE of three experiments performed in duplicate. *P <
0.05 as determined by the paired t test.
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Table I. Effect of Glucose Concentration on the Release
of 15-HETE from Stimulated Endothelial Cells

Bradykinin
A23187 15-HETE (ng/plate) Thrombin

Time G-N G-E G-N G-E G-N G-E

min

0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10 82.8±2.0 89.1±4.9 16.3±2.0 17.2±2.4 2.2±1.1 4.9±2.8
30 99.0±3.1 138±6.1* 18.7±1.0 28.3±1.7* 5.0±1.2 11.2±1.3*

Porcine aortic endothelial cells in culture were conditioned in two concentra-
tions of glucose (for further details see Methods and the legend to Fig. 1). Con-
fluent, conditioned cultures were rinsed and treated with A23 187 (I uM), bra-
dykinin (1 MM)or thrombin (2.5 U/ml) for the times indicated. 15-HETE was
measured by RIA. Data are presented as the mean±SE of five experiments per-
formed in duplicate.
* P < 0.01; * P < 0.05 (paired t test).

('4C]arachidonic acid. Similarly, elevated glucose did not alter
prostaglandin production at any time point during stimula-
tion. Our data confirm the findings of others (14, 15) who have
shown that exposure of cultured endothelial cells to glucose
concentrations as high as 22.4 mMdid not alter 6-keto-PGFI:
production. However, the time-dependent suppression of total
14C radioactivity released from prelabeled cells has not been
previously documented.

The influence of elevated glucose on ionophore-induced
eicosanoid release is apparently specific for the 1-isomer of
glucose as illustrated in Fig. 2. Neither sucrose, nor the optical
isomer, L-glucose, is metabolized by endothelial cells, but each
would increase the osmolarity of the medium. L-glucose could
potentially mediate any effects due to nonenzymatic glycosyla-
tion of proteins. However, diminished release of eicosanoids
was not observed for these sugars eliminating hyperosmolarity
as well as protein glycosylation as potential causes of the de-
creased release. D-mannose, a geometric isomer of glucose, can
enter the glycolytic pathway. Since mannose was without ef-
fect, intermediary metabolites of glycolysis would probably
also be without effect.

Table IL. Effect of Glucose Concentration on the Release
of 5-HETE from Stimulated Endothelial Cells

A23 187 Bradykinin Thrombin

5-HETE (ng/plate)

Time G-N G-E G-N G-E G-N G-E

min

0 3.1±2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10 12.5±2.0 13.5±2.1 4.5±1.5 7.6±2.0 4.6±1.4 4.6±1.1
30 19.1±2.1 28.8±2.5* 9.6±4.5 9.5±4.4 6.0±1.2 5.8±1.3

Porcine aortic endothelial cells in culture were conditioned in two
concentrations of glucose stimulated with A23 187 (1 MiM), brady-
kinin (1 gM) or thrombin (2.5 U/ml) and 5-HETE was measured by
RIA (see legend to Table I). Data are presented as the mean±SE of 5
experiments performed in duplicate.
* P < 0.05 (paired t test).

Table III. Effect of Glucose Concentration on the Release
of 6-keto-PGF,O, from Stimulated Endothelial Cells

A23 187 Bradykinin Thrombin

6-keto-PGF,8 (ng/plate)

Time G-N G-E G-N G-E G-N G-E

min

0 4.2±0.9 2.9±1.1 3.9±2.1 3.0±2.0 4.1±1.2 2.2±0.9
10 205±0.8 210±1.0 42.5±4.2 40.3±4.2 5.9±0.8 7.1±1.0
30 235±3.1 239±3.6 57.7±6.6 50.0±6.9 7.8±1.0 7.7±1.0

Porcine aortic endothelial cells in culture were conditioned in two concentra-
tions of glucose, stimulated with the ionophore A23 187 (1 AM), bradykinin (1
AM), or thrombin (2.5 U/ml) and 6-keto-PGFI was measured by RIA (see leg-
end to Table I). Data are presented as the mean±SE of five experiments per-
formed in duplicate.

The data illustrated in Figs. 3 and 4 demonstrate that in-
creased glucose concentration in the medium exerted a dispa-
rate effect on the release of free ['4C]arachidonic acid and
HETEs. The data shown in Fig. 4 and Tables I and II demon-
strate that porcine endothelial cells produce both 5- and 15-
HETE, as has been previously indicated for human umbilical
endothelial cells (5, 6). The decreased net release of arachi-
donic acid was evident after 5 min and was striking after 30
min. In sharp contrast, increasing the glucose concentration in
the medium stimulated the release of both 5- and 15-HETE.
The absolute magnitude of the suppression of [4C]arachidonic
acid release overshadowed the enhanced HETE production,
resulting in the net decrease in total `4C radioactivity release
from G-E cells. The observation that increased glucose con-
centration increased ionophore-induced release of 5- and 15-
HETEwas confirmed in both the radiolabel experiments and
those measuring mass by RIA. The magnitude of the increased
HETE measured was not identical for the two techniques.
However, since the specific activity of ['4C]arachidonic acid in
the phospholipid precursor pools was unknown, absolute dif-
ferences in the magnitude of the effect between mass measure-
ments and net release of radioactivity is not surprising.

Glucose may exert its effects on free arachidonic acid and
HETErelease by independent mechanisms. Alternatively, it is
possible that the enhanced production of HETE may itself
exert an inhibitory effect on phospholipase activity. Lipoxy-
genase-derived products have been demonstrated to exhibit
remarkably diverse effects on phospholipase activity in various
cell types. Thus, studies from this laboratory have demon-
strated that 15-HPETE, but not 1 5-HETE stimulates the net
release of arachidonic acid from calf aortic endothelial cells
(16). In human neutrophils, 5-HPETE and 5-HETE aug-
mented phospholipase A2 activity in response to ionophore,
but 8-HETE and 15-HETE were ineffective (17). In contrast,
Chang and associates (18) have shown that 5-HETE, 12-
HETE, and 15-HETE all inhibited platelet phospholipase A2
activity. These studies suggest that the decreased release of
arachidonic acid under G-E conditions may be mediated by
increased HETEgeneration.

Sagone et al. (19) have shown glucose to be a weak hy-
droxyl radical (OH') scavenger in biological systems. These
investigators associated the OH' scavenging capacity of glucose
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with its ability to increase the synthesis of HETEand HPETE.
Hydroxyl radicals generated during lipoxygenase activity have
been suggested to inhibit lipoxygenase itself (20). Elevation of
the glucose concentration had no effect on the release of cy-
clooxygenase products. The observation that OH' is not gener-
ated during cyclooxygenase activity ( 19, 20) is consistent with
the lack of effect of increased glucose concentration on the
elaboration of cyclooxygenase products. Indeed, the time
course of prostaglandin production we observed was very
rapid relative to lipoxygenase-product release. It is possible
that cyclooxygenase activity would already itself be self-limited
before augmented lipoxygenase activity could result in the ac-
cumulation of inhibitory concentrations of metabolites.

The decreased amounts of ["4C]arachidonic acid in the me-
dium of stimulated G-E cells at later time points could be due
to increased reacylation of arachidonic acid in the presence of
increased glucose, which could be acting independently or in
concert with a phospholipase inhibitory mechanism. Lay-
chock (21) reported that 25 mMglucose stimulated the incor-
poration of ['4C]arachidonic acid into phosphatidylinositol
and phosphatidylcholine of pancreatic islet cells. In other ex-
periments it was observed that glucose activated a crude phos-
pholipase A2 preparation from islet cells, suggesting a direct
role of glucose in the acylation/reacylation of arachidonic acid
(22). Recently, Goppelt-Struebe et al. (23) reported that during
activation of rat peritoneal macrophages concomitant reacyla-
tion reactions could modulate eicosanoid release. This group
suggested that merthiolate could effectively inhibit the reacy-
lation mechanism in a time- and dose-dependent manner. We
are currently evaluating the utility of such agents in delineating
the pathways responsible for the net decrease in free arachi-
donic acid released from endothelial cells in the presence of
elevated glucose.

The physiological significance of the inhibitory effect of
glucose on mobilization of arachidonic acid is not clear. How-
ever, it is of interest that glucose also inhibits the closure of the
rostral neural tube in mouse embryo cultures and that this
teratogenic effect can be reversed by the addition of arachi-
donic acid to the medium (24). Furthermore, the administra-
tion of arachidonic acid to pregnant diabetic rats prevented the
fetal neural tube defects found in untreated controls. These
data suggest that hyperglycemia-induced teratogenesis may be
mediated by a functional deficiency of arachidonic acid (24).

Our observation of enhanced 1 5-HETE synthesis by endo-
thelial cells exposed to increase glucose is consistent with that
of Setty and Stuart (7). These investigators found that seg-
ments of human umbilical arteries obtained from infants of
diabetic mothers produced significantly more 1 5-HETE than
similar vascular segments from infants of normal mothers.

The current data do not provide a direct explanation for
the observed effects of increased glucose on endothelial eico-
sanoid metabolism. Whatever mechanism is operative, it must
be induced within 2 h of exposure to elevated glucose and
reversed within 2 h of restoration of normal glucose levels.
Short-term changes in the polyol pathway of glucose metabo-
lism or the rapid glycosylation of regulatory enzymes are at-
tractive candidates, but how such changes are reflected in ei-
ther phospholipase or lipoxygenase activities remains to be
explained. The alteration of receptors is a less appealing expla-
nation since ionophore-induced, as well as bradykinin-in-
duced, eicosanoid metabolism are altered by high glucose.
These possibilities are under investigation in our laboratories.

Such studies may provide new information on sites of regula-
tion of arachidonic acid metabolism and their perturbation in
diabetes mellitus.
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