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Morphological changes, especially cytoskeletal alterations, in lipopolysaccharide (LPS)-induced vascular
endothelial cell injury were studied by using LPS-susceptible bovine aortic endothelial cells (BAEC). BAEC in
cultures with LPS showed cell rounding, shrinking, and intercellular gap formation. In those cells, LPS caused
the disorganization of actin, tubulin, and vimentin. LPS also induced a reduction in the F-actin pool and an
elevation in the G-actin pool. Cytoskeletal disorganization affected transendothelial permeability across the
endothelial monolayer. Pretreatment of BAEC with sodium arsenite (SA) prevented alterations in LPS-induced
BAEC injury. However, posttreatment with SA had no protective effect on them. SA upregulated the expression
of heat shock protein in the presence of LPS. The role of SA in prevention of LPS-induced BAEC injury is
discussed.

Bacterial lipopolysaccharide (LPS), an outer membrane
component of gram-negative bacteria, has been shown to di-
rectly induce systemic injury of vascular endothelial cells and
cause systemic inflammatory response syndrome or multiorgan
failure (3). In an in vitro culture system, LPS was reported to
induce the injury of bovine aortic endothelial cells (BAEC)
directly in the absence of nonendothelial-cell-derived host me-
diators (11, 13, 20, 23). The LPS-induced BAEC injury is
accompanied by altered cell morphology, intercellular gap for-
mation, and increased transendothelial permeability (12, 21,
24). It was possible that cytoskeletal alterations in LPS-induced
BAEC injury were closely linked to intercellular gap formation
and endothelial barrier dysfunction (12). However, there were
few reports on detailed alterations of cytoskeleton in morpho-
logical changes of LPS-induced BAEC injury (12). Further-
more, knowledge regarding factors preventing the alterations
in LPS-induced BAEC injury is very limited (15, 16, 26).

Sodium arsenite (SA) is known to be a standard inducer of
the heat shock response in vitro and can lead to heat shock
protein (HSP) expression in vascular endothelial cells (4, 5).
Several reports suggest that SA prevented LPS-induced endo-
thelial cell injury via enhanced heat shock response (6, 27, 32).
Therefore, it was of particular interest to determine if and how
SA affected morphological changes in LPS-induced BAEC in-
jury. In the present study, we examined the detailed cytoskel-
etal alterations in LPS-induced vascular endothelial cell injury
by using LPS-susceptible BAEC and, furthermore, observed
the effect of SA on them. Here we discuss the role of SA in the
prevention of LPS-induced BAEC injury.

MATERIALS AND METHODS

Materials. LPS from Escherichia coli O55:B5 was obtained from Sigma Chem-
ical Co., St. Louis, Mo. LPS was dissolved at a concentration of 1 mg/ml in

distilled water and diluted in culture medium for experiments. SA (Wako Pure
Chemicals, Osaka, Japan) was dissolved at a concentration of 1 mM and diluted
to 100 mM in culture medium for experiments.

Cell culture. BAEC were obtained from the Health Science Resource Bank
(Tokyo, Japan) and maintained in Ham’s F-12K medium (Sigma) containing
10% heat-inactivated horse serum (Gibco-BRL, Grand Island, N.Y.) at 37°C
under 5% CO2. The cells were washed gently with Hank’s balanced salt solution
(Sigma) and detached with trypsin-EDTA solution (Gibco-BRL). The cells were
counted and suspended in a 96-well plate or 12-well plate. In experiments with
LPS treatment, culture medium was supplemented with noninactivated 1% horse
serum because our preliminary experiments with 1% heat-inactivated serum
caused attenuation of LPS action.

Pretreatment with SA. For preparation of SA-pretreated BAEC, BAEC were
cultured with 100 mM SA for 90 min at 37°C. The culture medium containing SA
was removed and washed with the fresh culture medium. These cells were used
as SA-pretreated BAEC for the experiments. In some experiments, BAEC were
pretreated with various concentrations of SA.

Fluorescent staining of F-actin, tubulin, and vimentin. BAEC were seeded on
glass coverslips and incubated for 48 h. Untreated and SA-pretreated BAEC
were cultured with various concentrations of LPS. The coverslips were incubated
for 6 h, and then cells were fixed with 3.5% formaldehyde for 20 min and
permeabilized with 0.1% Triton X-100 for 10 min. The cells were blocked with
2% bovine serum albumin (BSA) for 1 h. For F-actin analysis, cells were stained
with fluorescein-phalloidin (Sigma) for 20 min. For vimentin and tubulin anal-
yses, cells were incubated with a 1:10 dilution of antivimentin antibody (Progen,
Heidelberg, Germany) or a 1:200 dilution of antitubulin antibody (Sigma) for 1 h
followed by six washes with phosphate-buffered saline. Fluorescein isothiocya-
nate-conjugated antimouse immunoglobulin G (IgG) or antirabbit IgG antibody
was added to the cells, which were then incubated for 30 min. After being
washed, the cells were inspected for organization of F-actin, vimentin, and
tubulin under a fluorescence microscope.

Assay of transendothelial permeability. Transendothelial flux of 14C-BSA was
assayed as described by Goldblum et al. (12) with some modifications. Briefly,
BAEC (3 3 104 cells/0.5 ml) were seeded on mini cell culture inserts (0.4-mm
pore size; Nunc, Roskilde, Denmark). The inserts were placed in 24-well plates
with 0.5 ml of medium serving as the lower compartment. The cells on the upper
compartment of the inserts were treated with various concentrations of LPS for
6 h for various exposure times. 14C-BSA was obtained from Amersham, Arling-
ton Heights, Ill. The baseline barrier function of each confluent endothelial
monolayer was determined by applying an equivalent amount of 14C-BSA (5,000
dpm/0.5 ml) to the upper compartment for 1 h at 37°C, after which 0.5 ml of
medium from the lower compartment was removed. The medium removed was
mixed with 4.5 ml of scintillation fluid in a glass vial and counted in a Beckman
beta counter. An endothelial cell monolayer retaining more than 97% 14C-BSA
was used for further experiments.

F-actin quantification by spectrofluorometry. F-actin in BAEC was measured
as described by Suttorp et al. (31). BAEC were seeded in 12-well plates (5 3 104

cells/well) in 1 ml of medium and cultured for 48 h. Untreated and SA-pretreated
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BAEC were cultured with LPS (100 ng/ml) for 6 h. The monolayers were washed
in buffer A (KCl, 75 mM; MgSO4, 3 mM; EGTA, 1 mM; imidazole, 1 mM,
dithiothreitol, 0.2 mM; aprotinin, 10 mg/ml; phenylmethylsulfonyl fluoride, 0.1
mM) and fixed with 3.7% formaldehyde for 15 min. Monolayers were perme-
abilized with buffer A containing 0.1% Triton X-100 for 5 min, stained with
N-[7-nitrobenz-2-oxa-1,3-diazol-4-yl]phallicidin (0.3 mmol, 20 min), and ex-
tracted with methanol at 220°C overnight. Extracts were harvested into cuvettes,
and fluorescence was measured at a 465-nm excitation and 535-nm emission and
expressed in arbitrary fluorescence units per milligram of total cell protein.

G-actin quantification by DNase I inhibition assay. Sets of experiments iden-
tical to those used to measure F-actin were used to measure the G-actin pool.
The concentration of G-actin was measured by using a DNase I inhibition assay
as described by Heacock and Bamburg (14). The cells were washed with 2 ml of
Hanks buffered saline solution and extracted with 0.5 ml of extraction solution
containing 0.1% Triton X-100, 100 mM CaCl2, 2 mM MgCl2, 1 mg of pepstatin
per ml, 10 mM ATP, 10 mg of trypsin inhibitor per ml, 0.5 mM phenylmethyl-
sulfonyl fluoride, 0.2 mM dithiothreitol, and 10 mM HEPES (pH 7.5) for 5 min.
Extracts were centrifuged at 15,000 3 g for 20 s for removal of cell debris. The
supernatants were chilled on ice until assayed. Fifty microliters of extract was
mixed with 25 ml of actin depolymerizing buffer containing 1.5 M guanidine
hydrochloride (Wako), and the reaction mixture was incubated for 20 min on ice.
DNase I (750 ml) at 6 pg/ml was added to the reaction mixture, and the reaction
was initiated by addition of 50 ml of calf thymus DNA (Sigma) at an optical
density at 260 nm of 30. The reaction mixture was incubated for 5 to 10 min, and
60% perchloric acid (200 ml) was added at 4°C. After 30 min, the reaction
mixture was centrifuged at 15,000 3 g for 2 min at 4°C. The optical density at 260
nm of the supernatant was measured. Pure bovine skeletal muscle actin (Sigma)
was used as the standard. The G-actin pool was expressed as G-actin per total
cell protein (micrograms per milligram).

DNA synthesis. DNA synthesis in BAEC was assayed by incorporation of
[3H]thymidine into the cells. Cells (3 3 104/100 ml) were plated in 96-well plates
and incubated with various concentrations of LPS for 24 h. [3H]thymidine (0.5
mCi/well; Amersham) was added to the cultures. Eighteen hours later, cells were
harvested on glass fiber filter discs. The discs were inserted into a glass vial with
scintillation fluid (1 ml). Radioactivity was counted as counts per minute in a
Beckman beta counter. The time course of [3H]thymidine incorporation in
BAEC treated with 10 mg/ml was also monitored for 8 h.

Immunoblotting for HSP27 and -70. Untreated and SA-pretreated BAEC
were seeded in 35-mm-diameter culture dishes (4 3 105 cells/dish) and incubated
with various concentrations of LPS for 6 h. Cells were lysed directly in lysis buffer
and boiled for 10 min at 100°C. Aliquots of equal amounts of protein (20
mg/lane) were loaded onto a 4 to 20% gradient gel, run under reducing condi-
tions, and transferred to the membrane. The membranes were treated with 5%
BSA for 1 h, rinsed, and incubated with a 1:1,000 dilution of rabbit polyclonal
anti-HSP27 (StressGen, Victoria, Canada) or rabbit polyclonal anti-HSP70 (Up-
state Biotechnology) antibody for 1 h. The blots were further treated with a
1:3,000 dilution of horseradish peroxidase-conjugated protein G for 1 h. The
immune complex on the blots was detected with the enhanced chemilumines-
cence (ECL) substrate (New England Nuclear, Boston, Mass.) and exposed to
Kodak XAR X-ray film.

RESULTS

LPS-induced morphological changes of BAEC and preven-
tion of them by SA pretreatment. Morphological changes of
BAEC in cultures with LPS at 0.01 or 10 mg/ml were inspected
under a phase-contrast microscope. As shown in Fig. 1, BAEC
treated with LPS at 10 mg/ml for 10 h became round and
retracted, with formation of intercellular dilations and gaps. A
part of the cells detached from the plastic dish bottom. On the
other hand, SA-pretreated BAEC retained the original mor-
phology in response to LPS (10 mg/ml), and their shapes were
the same as that in the medium control monolayer (Fig. 1c).
The number of BAEC in cultures with LPS was less than that
of untreated BAEC, whereas the number of SA-pretreated
BAEC did not alter with LPS exposure. The treatment with
LPS at 0.01 mg/ml as well as at 10 mg/ml resulted in similar
morphological changes of BAEC (data not shown).

LPS-induced disorganization of F-actin, tubulin, and vi-
mentin, and its prevention by SA pretreatment. To character-
ize the detailed morphological changes of LPS-treated BAEC,
we studied the organization of F-actin, tubulin, and vimentin in
those cells, as well as the effect of SA pretreatment on it (Fig.
2). Untreated and SA-pretreated BAEC were cultured with
various concentrations of LPS for 6 h. The monolayers were
stained for the expression of F-actin, tubulin, and vimentin and

inspected under a fluorescence microscope. Fluorescent mi-
croscopic analysis of actin demonstrated transcytoplasmic actin
filament in a continuous manner in untreated BAEC (Fig. 2A,
a). BAEC exposed to 0.01 mg of LPS per ml exhibited extensive
formation of orthogonal stress fibers in the form of short
spikes, mainly in the center of the cell (Fig. 2A, b). At 0.1 and
1 mg of LPS per ml, the actin filaments without stress fibers
were polymerized marginally (Fig. 2A, c and d). At 10 mg of
LPS per ml, actin was seen as a knotted staining throughout
the cells with a streak of marginal actin accumulation (Fig. 2A,
e). Pretreatment with SA completely inhibited LPS-induced
actin disorganization and maintained normal continuous actin
filament, like that of untreated BAEC (Fig. 2A, f). The staining
patterns of tubulin in cultures with medium alone were ob-
served as dense networks filling the entire cell to the end of cell
processes (Fig. 2B, a). Treatment of BAEC with LPS (0.01

FIG. 1. Phase-contrast micrographs showing BAEC morphology. Untreated
(a and b) and SA-pretreated (c) BAEC were cultured with medium alone (a) or
with LPS (10 mg/ml) (b and c) for 10 h. Note that LPS induces cell shrinking,
rounding, and intercellular gaps in BAEC (b), but not in SA-pretreated BAEC
(c). Original magnification, 325.
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mg/ml) caused loss of the filamentous network and homoge-
nous staining in the center of the cell, accompanied by bun-
dling of the microtubules in the cell processes (Fig. 2B, b). The
exposure of BAEC to a high dose of LPS (10 mg/ml) resulted
in a similar staining pattern of tubulin (Fig. 2B, c). However,
SA-pretreated BAEC restored the filamentous microtubule,
like untreated cells (Fig. 2B, d). Vimentin filaments in un-
treated BAEC were located as a dense filamentous network
from the nuclear lamina to the cell periphery (Fig. 2C, a). A
homogenous staining pattern of vimentin was not observed in
untreated control cells. In BAEC treated with 0.01 mg of LPS
per ml, filamentous staining of vimentin was replaced by a

homogenous staining pattern (Fig. 2C, b). Especially, the nu-
clear region was strongly stained, suggesting a concentrated
vimentin distribution. In BAEC treated with a high dose (10
mg/ml) of LPS, fragmented staining of vimentin was scattered
around densely stained round cells (Fig. 2C, c). Pretreatment
of BAEC with SA inhibited the formation of blebs and re-
tained normal filamentous vimentin networks (Fig. 2C, d).

LPS-induced alteration of the F- and G-actin pools and its
prevention by SA pretreatment. Because of marked actin dis-
organization in LPS-treated BAEC, we intended to examine
alterations in the F- and G-actin pools. In preliminary exper-
iments, LPS (100 ng/ml) significantly decreased the F-actin

FIG. 2. LPS-induced disorganization of F-actin, tubulin, and vimentin and its prevention by SA pretreatment. Fluorescent micrographs show F-actin (A), tubulin
(B), and vimentin (C) organization in response to LPS. Untreated and SA-pretreated BAEC were cultured with various concentrations of LPS for 6 h. (A) For
estimation of F-actin organization, BAEC were cultured with medium alone (a) or 0.01 (b), 0.1 (c), 1 (d), or 10 (e) mg of LPS per ml. SA-pretreated BAEC (f) were
cultured with 10 mg of LPS per ml. Arrows indicate the extensive spike formation of F-actin (b), its peripheral accumulation (c and d), and the knotted form of actin
staining (e). (B) For estimation of tubulin organization, BAEC were cultured with medium alone (a) or 0.01 (b) or 10 (c) mg of LPS per ml. SA-pretreated BAEC (d)
were cultured with 10 mg of LPS per ml. Arrows indicate loss of the filamentous network. (C) The same samples were used for the staining of vimentin organization.
Arrows in panels b and c show homogenous vimentin staining and cell blebs and round bodies surrounding the cell, respectively. Original magnification, 3500.
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FIG. 2—Continued.
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pool 2 h after its addition (an approximately 20% reduction),
and its decrease continued up to 10 h (data not shown). There-
fore, the effect of LPS on the F-actin pool was investigated 6 h
after its addition (Fig. 3A). Alteration of the F-actin pool was
not seen in untreated BAEC during 10 h, whereas LPS (100
ng/ml) decreased the F-actin pool significantly (P , 0.01). On
the other hand, pretreatment with SA prevented the decrease
in the F-actin pool. Treatment with SA alone did not exhibit
any effect on the F-actin pool. From preliminary studies, the
increase in the G-actin pool appeared 2 h after treatment of
LPS (0.1 mg), and it gradually increased up to 6 h (data not
shown). The exposure of BAEC to LPS increased the G-actin
pool in a dose-dependent manner. Therefore, the G-actin pool
was investigated 6 h after the addition of LPS (100 ng/ml) (Fig.
3B). The G-actin pool was markedly augmented with exposure
of BAEC to LPS for 6 h. However, pretreatment of BAEC with
SA abolished the increase in G-actin pool. Treatment with SA
alone did not affect the G-actin pool.

LPS-induced enhancement of transendothelial flux of 14C-
BSA and its prevention by SA pretreatment. In the preceding
paragraphs, we demonstrated that LPS caused morphological
changes in BAEC, accompanied by cell detachment, gap for-
mation between adjacent cells, and disorganization of cytoskel-
etal filaments. The relationship between those morphological
changes and endothelial barrier function was investigated. En-
dothelial barrier function of BAEC in response to LPS was
assessed by measuring the 14C-BSA flux across the endothelial
monolayer. The mean 14C-BSA flux of medium control was
0.015 pmol/h, and treatment of BAEC with LPS dose depen-
dently increased the 14C-BSA flux across the monolayer. The
maximum increase in the 14C-BSA flux across the monolayer
was 0.15 pmol/h in treatment with 10 mg of LPS per ml. The
time course of the increase of transendothelial 14C-BSA was
monitored after treatment with LPS (0.1 mg/ml). The 14C-BSA
flux did not change within 30 min after the addition of LPS,
and thereafter it gradually increased up to 24 h. Furthermore,
we studied the effect of pretreatment with SA on LPS-induced
transendothelial permeability (Fig. 4). Pretreatment of the
monolayer with SA completely inhibited the increase in 14C-
albumin flux across the endothelial monolayer, although treat-
ment with LPS alone enhanced 14C-BSA flux across BAEC
monolayers markedly.

LPS-induced reduction of [3H]thymidine incorporation in
BAEC and its prevention by SA pretreatment. The [3H]thymi-
dine incorporation was studied for the proliferative activity of
LPS-damaged BAEC. Preliminary studies demonstrated that
the decrease in DNA synthesis was found in BAEC cultured
with LPS (10 mg/ml) for 4 h, followed by the [3H]thymidine
incorporation assay for 18 h (data not shown). Untreated and
SA-pretreated BAEC were cultured with various concentra-
tions of LPS for 4 h, and subsequently the [3H]thymidine
incorporation was determined 18 h after addition of [3H]thy-
midine (Fig. 5A). The [3H]thymidine incorporation was mark-
edly reduced with the addition of 0.001 mg of LPS per ml. DNA
synthesis of BAEC treated with LPS was approximately 15-fold
less than that of untreated control cells. In contrast, pretreat-
ment of BAEC with SA markedly enhanced [3H]thymidine
incorporation in the presence of a lower concentration of LPS
(0.001 to 0.1 mg/ml). Even at a higher concentration of LPS (10
mg/ml), SA-pretreated BAEC maintained almost the same
[3H]thymidine incorporation as untreated BAEC. In pretreat-
ment with various concentrations of SA, SA at higher than 100
mM enhanced [3H]thymidine incorporation in the presence of
LPS (1 mg/ml), but SA at lower than 10 mM did not (Fig. 5B).
Next, the effect of pretreatment or posttreatment with SA on
LPS-induced DNA synthesis reduction was studied (Fig. 5C).

[3H]thymidine incorporation in SA-pretreated BAEC was sig-
nificantly enhanced in cultures with LPS (1 mg/ml). However,
posttreatment with SA resulted in the reduction of [3H]thymi-
dine incorporation in response to LPS, and the degree of its
reduction was the same as that in BAEC treated with LPS
alone. Treatment with SA alone did not affect [3H]thymidine
incorporation of BAEC.

Expression of HSP in SA-pretreated BAEC. Since pretreat-
ment with SA, an inducer of stress response, prevented LPS-
induced BAEC injury, we further investigated SA-induced
HSP expression in BAEC. The expression of constitutive
HSP27 and inducible HSP70 was examined by immunoblotting
of SA-pretreated BAEC cultured with or without LPS (Fig. 6).
Exposure of BAEC to LPS (0.01 and 10 mg/ml) downregulated
the expression of HSP27, although untreated BAEC showed
the constitutive expression of HSP27. On the other hand, SA
pretreatment profoundly enhanced HSP27 expression in the
presence of LPS (0.01, 1, and 10 mg/ml). The immunoblotting
analysis demonstrated no detectable band of inducible HSP70
in BAEC cultured with medium or LPS (10 mg/ml) alone. On
the other hand, SA definitely induced the expression of HSP70
in BAEC in the presence or absence of LPS.

DISCUSSION

In the present study, we demonstrated that LPS induced
characteristic morphological changes in BAEC, accompanied
by cytoskeletal disorganization, and that the alterations were
prevented by SA pretreatment. The disorganization of F-actin,
tubulin, and vimentin became clear in LPS-induced BAEC
injury. Previously, Goldblum et al. (12) reported that the dis-
crete disruptions of actin microfilament occurred exclusively at
the cell-to-cell interface in LPS-induced BAEC injury. In the
present study, however, LPS at the same concentration in-
duced the formation of orthogonal stress fibers with short
spikes in BAEC. A higher concentration of LPS caused the
assembly and polymerization of actin filament and finally dis-
ruptions of them. This finding was also supported by analysis of
the F- and G-actin pools. Moreover, we demonstrated the
detailed disorganization of tubulin and vimentin. This is the
first report on disorganization of tubulin and vimentin in LPS-
induced endothelial injury. In LPS-treated BAEC, tubulin and
vimentin lost their filamentous network and accumulated in
the nuclear region with a homogenous staining pattern. Con-
sidering that LPS-induced BAEC injury is based on apoptotic
cell death (8, 10, 32), the disorganization of actin, tubulin, and
vimentin might reflect the apoptotic process of BAEC.

SA pretreatment prevented cytoskeletal disorganization in
LPS-treated BAEC injury. How could SA prevent LPS-in-
duced BAEC injury? It was of particular interest that SA
upregulated HSP27 expression in BAEC in the presence of
LPS. Recently, HSP27 was reported to affect microfilament
extension (25). HSP27 homologs have been characterized as
the F-actin modulating protein, inhibiting F-actin polymeriza-
tion (2). Furthermore, Loktionova et al. (18) have reported
that heat shock response prevents the F-actin disruption and
aggregation. Furthermore, HSP27 was reported to prevent ap-
optotic cell death (19). It was likely that augmented expression
of HSP27 might participate in the prevention of LPS-increased
BAEC injury through stabilization of actin, tubulin, and vimen-
tin. We also demonstrated that SA induced the expression of
newly synthesized HSP70. Since there are a number of reports
on the protective role of HSP70 in LPS-induced tissue injury
(9, 17, 22, 28), it was suggested that the prevention of LPS-
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induced injury by SA might be related to SA-induced heat
shock response.

LPS resulted in dilatation between adjacent cells, and the
intercellular gap formation led to endothelial barrier dysfunc-

tion, as determined by enhanced transendothelial permeabil-
ity. This finding was consistent with the previous report of
Goldblum et al. (12). Several studies demonstrated that endo-
thelial cell cytoskeletal filaments, especially actin, might be
important determinants of endothelial permeability (7, 24, 29,
30). Furthermore, the present study demonstrated that mono-
layers exposed to LPS showed the disorganization of tubulin
and vimentin. The disorganization of tubulin and vimentin as
well as actin must be involved in intercellular gap formation in
LPS-treated BAEC. The importance of actin filaments in in-

FIG. 3. LPS-induced alteration of the F- and G-actin pools and its prevention
by SA pretreatment. F-actin (A) and G-actin (B) pools were determined in
untreated and SA-pretreated BAEC 6 h after cultivation with LPS (100 ng/ml).
The F-actin pool is expressed as the mean fluorescent units per milligram of total
cell protein of triplicates 6 standard deviation in three independent experiments.
G-actin in the same samples was assayed by DNase I inhibition assay, and each
bar represents the mean G-actin in micrograms per milligram of total cell protein
of triplicates 6 standard deviation in three independent experiments.

FIG. 4. Effect of pretreatment or posttreatment with SA on transendothelial
14C-BSA flux in cultures of BAEC with LPS. SA-pretreated BAEC were cultured
with LPS (100 ng/ml) for 6 h. For posttreatment with LPS, BAEC were cultured
with LPS for 6 h and further incubated with SA for 90 min, followed by washing.
Transendothelial flux was determined by cultivation of BAEC with 14C-BSA for
1 h. Each bar represents the mean 14C-BSA flux (picomoles per hour) of trip-
licates 6 standard deviation in three independent experiments.

FIG. 5. LPS-induced reduction of [3H]thymidine incorporation in BAEC and
its prevention by SA. (A) Effect of SA on [3H]thymidine incorporation in cul-
tures of BAEC with addition of various concentrations of LPS. SA-pretreated
BAEC were cultured with various concentrations of LPS for 24 h and further
incubated with [3H]thymidine for 18 h. (B) Effect of pretreatment with various
concentrations of SA on [3H]thymidine incorporation in the presence or absence
of LPS (1 mg/ml). (C) Effect of pretreatment or posttreatment with SA on
[3H]thymidine incorporation in cultures of BAEC with LPS. SA-pretreated
BAEC were cultured with LPS (10 mg/ml) for 8 h. Posttreatment with SA was
performed after cultivation of BAEC with LPS for 8 h. BAEC were further
incubated with [3H]thymidine for 18 h. [3H]thymidine incorporation for DNA
synthesis is expressed as the mean counts per minute of triplicates 6 standard
deviation in five independent experiments.
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creased endothelial permeability was supported by the finding
that the stabilization of F-actin with phalloidin protects against
LPS-enhanced endothelial permeability (1, 12). Therefore, sta-
bilization of tubulin, vimentin, and actin might also be effective
in prevention of endothelial barrier dysfunction. The LPS-
induced enhanced transendothelial permeability might mani-
fest as systemic tissue edema in endotoxic shock.

LPS exhibited differential action on DNA synthesis in the
presence and absence of SA. LPS has been reported to reduce
DNA synthesis in BAEC (8, 11). For the first time, it has been
demonstrated that SA promoted DNA synthesis of BAEC in
the presence of a low concentration of LPS. Although the exact
mechanism underlying the phenomenon is unclear, vascular
endothelial cells undergoing a stress response might tend to-
ward cell proliferation after stimulation with noxious agents,
like LPS. The stimulation of DNA synthesis in BAEC by the
combination of SA and LPS may indicate not only rescue of
the endothelial cells from LPS-induced injury, but also promo-
tion of cell proliferation, thereby helping in the process of
healing of LPS-induced injury.
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