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Abstract: Ibuprofen belongs to the group of non-selective cyclooxygenase (COX) inhibitors, also known as tra-
ditional non-steroidal anti-inflammatory drugs (NSAIDs). Bacterial lipopolysaccharide, an inflammatory mim-
icking agent, is responsible for the production of prostaglandins and growth factors (VEGF and bFGF), and as
inflammation and angiogenesis are closely associated with osteoarthritis, these factors play a functional role in
the cardiovascular system. Therefore, the main aim of our study was to examine the effect of ibuprofen on cell
viability and proliferation of HMEC-1 cells and VEGF and bFGF secretion under the inflammatory conditions.
The effect of NSAID and LPS on bFGF and VEGF was analyzed by ELISA. Cell viability was measured by
the MTT method and the proliferation by the [*H]-thymidine test. LPS at 100 pg/mL stimulated the secretion
of VEGF and bFGF by HMEC-1 cells. Ibuprofen at concentrations of 0.1 and 1 mM intensified the secretion
of LPS-induced VEGF in a statistically significant manner (p < 0.05). Both concentrations of ibuprofen inhib-
ited LPS-stimulated bFGF secretion (p < 0.05) in HMEC-1 in a concentration-dependent manner. The non-
selective COX inhibitor decreased proliferation and cell viability induced by LPS in a concentration-dependent
manner. The observed effects of ibuprofen on endothelial cells may further explain its effects as well as other

NSAIDs on the cardiovascular system function in cardiovascular diseases.
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Non-steroidal  anti-inflammatory  drugs
(NSAIDs) are among the most widely-used drugs
worldwide. They are used for their analgesic,
antipyretic and anti-inflammatory effects, and their
action is mediated by the inhibition of cyclooxyge-
nase (COX) and prostaglandin production.
Prostaglandins regulate vascular tone, blood coagu-
lation as well as salt and water homeostasis in the
mammalian kidney. Cyclooxygenase exists as two
isoforms: COX-1, which is constitutive, and COX-
2, which is induced by proinflammatory cytokines
and endotoxin at inflammatory sites (1). Generally,
NSAIDs are divided into two groups: one which
comprises traditional, non-selective inhibitors of
COX, such as ibuprofen, and another made up of
selective COX-2 inhibitors (coxibes)(1, 2).

The endothelium forms a dynamic barrier
between the vascular space and the tissues, and pro-
duces a variety of regulatory mediators such as
nitric oxide, prostanoids, endothelins, angiotensin

II, tissue-type plasminogen activator (t-PA) and
plasminogen activator inhibitor-1 (PAI-1), von
Willebrand factor (vWF), adhesion molecules,
cytokines and growth factors. NSAIDs are known
to have an influence on endothelial function, and
may even induce endothelial dysfunction character-
ized by reduced vasodilation and increased
endothelium-dependent contraction (3-8). Some
data also indicate that endothelial dysfunction may
be involved in the initiation of vascular inflamma-
tion and in the development of vascular remodel-
ling. It is also an early determinant in the progres-
sion of atherosclerosis, and it is independently asso-
ciated with increased risk for cardiovascular
adverse events. The risk of cardiovascular compli-
cations associated with NSAIDs is currently broad-
ly described (9). Although the mechanism behind
the adverse cardiovascular effects of NSAIDs
appears to be clear, the differences between the
drugs themselves demand further analysis and a
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better understanding of the nature of their relation-
ship with the endothelium.

Endothelial cells may also produce growth fac-
tors, such as vascular endothelial growth factor
(VEGF) and basic fibroblast growth factor (bFGF),
which are responsible for generation of vasoactive
such mediators as the prostaglandins PGI,, PGE,.
Growth factors regulate proliferation of cells,
inflammatory processes and neovascularization
under physiological and pathological conditions (10,
11). It has been shown that exogenous bFGF
increases angiogenesis and myocardial perfusion,
promotes regeneration after myocardial infarction
and thereby improves cardiac function (12, 13).
From this point of view, it seems important to inves-
tigate the effect of ibuprofen, a widely used over-
the-counter drug, on the secretion of endothelial
growth factors under physiological conditions, and
during inflammation. Therefore, the main aim of
this study was to examine the effect of a non-selec-
tive COX inhibitor, ibuprofen, on cell viability, pro-
liferation of HMEC-1 cells and VEGF and bFGF
secretion under inflammatory conditions.

MATERIALS AND METHODS

Chemicals

MCDB 131 medium, fetal bovine serum, peni-
cillin-streptomycin solution (5,000 units/mL peni-
cillin and 5,000 pg/mL streptomycin sulfate in nor-
mal saline), phosphate buffered saline (PBS; pH 7.4)
and trypsin-EDTA (0.25% trypsin, 1 mM EDTA-4
Na) were purchased from Invitrogen (Carlsbad,
USA). The cobalt chloride, thiazolyl blue tetrazoli-
um bromide (MTT), human EGF, ibuprofen,
lipopolysaccharides from Salmonella enteritidis
(LPS) and hydrocortisone were purchased from
Sigma Chemical Co. (St. Louis, USA).

Cell culture

HMEC-1 (human microvascular endothelial
cells) were purchased from ATCC, catalog number
ATCC-CRL-10636 (depositor Centers for Disease
Control, Dr. Edwin W. Ades, Atlanta, USA). For
experimentation, the cells between passages 10-31
were used. HMEC-1 cells were cultured in 25 cm’
flasks in MCDB 131 medium supplemented with
10% fetal bovine serum, 10 ng/mL epidermal
growth factor, 1 pg/mL hydrocortisone and peni-
cillin-streptomycin solution, in a humidified atmos-
phere of 95% air and 5% CO, at 37°C. Cells were
harvested every third day in a trypsin-EDTA solu-
tion (0.25% trypsin, 1 mM EDTA). HMEC-1 cells
were cultured according to the method described in

the literature (14, 15) and the authors own modifica-
tion.

ELISA assays

VEGF and bFGF concentrations in cell culture
media were determined by commercially available
ELISA kits according to the vendor’s protocols
(R&D System, Abingdon, UK).

MTT conversion

HMEC-1 cell viability was measured using the
3-(4,5-dimethylthazol-2-yl)-2,5-diphenyltetrazoli-
um bromide (MTT) conversion method. Cells were
seeded (50,000 cells/well) into 96-well plates. The
treated cells were incubated for 24 h with 100
pg/mL LPS, 10 or 100 uM ibuprofen, LPS and
ibuprofen or without tested chemicals (control
group). All the substances were added at the same
time. After incubation, 50 uL. MTT (1 mg/mL,
Sigma) was added and the plates were incubated at
37°C for 4 h. At the end of the experiment, the cells
were exposed to 100 puL. dimethyl sulfoxide, which
enabled the release of the blue reaction product: for-
mazan. The absorbance at 570 nm was read on a
microplate reader and results were expressed as a
percentage of the absorbance measured in control
cells.

Assay of proliferative response of HMEC-1 cells

Cells were seeded in 96-well plates at a densi-
ty of 50,000 cells per well in 100 pL of the culture
medium and cultured for 1 day. On the day of the
experiment, after rinsing the cells twice with PBS,
fresh serum-free culture medium was added and the
cells were incubated in the presence of drugs for 24
h at 37°C. Cell proliferation was determined by
adding [*H]-thymidine (0.5 uCi) 18 h before the end
of incubation. The cultures were harvested with an
automatic cell harvester (Scatron, Lier, Norway),
and [*H]-thymidine was estimated using a liquid
scintillation counter MicroBetaTriLux (Perkin
Elmer) (16).

Data analysis

All data are presented as the means = SD (stan-
dard deviation). Statistical comparisons between the
groups were performed using ANOVA and post-hoc
comparisons were performed using the Student-
Newman-Keuls test. The normal distribution of
parameters was checked by means of the Shapiro-
Wilk test. If the data were not normally distributed
or the values of the variance (test F) were different,
ANOVA with Kruskal-Wallis and Mann-Whitney’s
U test were used. All parameters were considered
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significantly different if p < 0.05. The statistical data
analysis was performed using Statgraphics 5.0 plus
software.

RESULTS

The effect of ibuprofen on VEGF secretion under
hypoxia and inflammatory conditions in HMEC-
1 cells

It was found that 0.1 mM ibuprofen signifi-
cantly increased VEGF level by 28%, and 1 mM by

500

113% (Fig. 1) in comparison with the control (p <
0.05). Ibuprofen at both concentrations also aug-
mented secretion of VEGF in the presence of 100
pg/mL LPS and 200 pM CoCl,. Non-selective COX
inhibitor at 0.1 mM and 1 mM increased the secre-
tion of VEGF by 5 and 7%, respectively, in compar-
ison with CoCl, (200 uM). Application of ibuprofen
(0.1 and 1 mM) with LPS (100 pg/mL) increased the
level of VEGF by 8 and 71%, respectively. The
observed effects were statistically significant (p <

0.05).
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Figure 1. Effects of ibuprofen (0.1 and 1 mM) on VEGEF levels in HMEC-1 cells in the presence of CoCl, (200 pM) or LPS (100 pg/mL).
Bars represent the means (£SEM of 3-5 experiments). *p < 0.05 vs. control; a — p < 0.05 vs. CoCl, (200 upM); b — p < 0.05 vs. LPS (100
pg/mL). Abbreviations used in this figure denote: CoCl 200 - CoCl, 200 pM; LPS100 - LPS 100 pg/mL; Ibu 0.1 - ibuprofen 0.1 mM; Ibu

1 — ibuprofen 1 mM
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Figure 2. Effects of ibuprofen (0.1 and 1 mM) on bFGF levels in HMEC-1 cells in the presence of LPS (100 pg/mL). Bars represent the
means (£SEM of 3-5 experiments). *p < 0.05 vs. control; a — p < 0.05 vs. LPS (100 pg/mL); b — p < 0.05 vs. LPS (100 pg/mL) & ibupro-
fen (0.1 mM). Abbreviations used in this figure denote: LPS100 - LPS 100 pg/mL; Ibu 0.1 - ibuprofen 0.1 mM; Ibu 1 — ibuprofen 1 mM
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The effect of ibuprofen on bFGF secretion under
inflammatory conditions in HMEC-1 cells
Ibuprofen at concentrations of 0.1 and 1 mM
had no effect on bFGF secretion (Fig. 2). The addi-
tion of 0.1 and 1 mM ibuprofen decreased the secre-
tion of LPS-induced bFGF by 28 and 62%, respec-
tively. The observed effects were statistically signif-
icant (p < 0.05). Simultaneously, 1 mM ibuprofen
decreased the concentration of LPS-stimulated
bFGF in cell culture media to a greater degree (by
48%) than 0.1 mM ibuprofen. This effect was also
statistically significant (p < 0.05). Although 1 mM

ibuprofen inhibited the secretion of bFGF in the
presence of LPS in tested cells in comparison to
control, this effect was not statistically significant.

The effect of ibuprofen on cell viability and pro-
liferation in HMEC-1 cells

The next set of experiments analyzed cell via-
bility based on MTT (Fig. 3), and proliferation by
[*H]-thymidine test (Fig. 4). LPS at a concentration of
100 pg/mL increased HMEC-1 cell proliferation by
8%, but only increased cell viability by 32%. Only
LPS was found to have a statistically significant influ-
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Figure 3. Effects of ibuprofen (0.1 and 1.0 mM) on cell viability of cultured HMEC-1 cells. The results are presented as a percentage in
relation to the control value. Bars represent the means (£SEM of 4-15 experiments). * p < 0.05 vs. control; a — p < 0.05 vs. LPS (100
ng/mL). Abbreviations used in this figure denote: LPS100 - LPS 100 pg/mL; Ibu 0.1 - ibuprofen 0.1 mM; Ibu 1 — ibuprofen 1 mM
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Figure 4. Effects of ibuprofen (0.1 and 1.0 mM) on thymidine incorporation in HMEC-1 cells. Bars represent the means (£SEM of 3-5
experiments). * p < 0.05 vs. control; a—p < 0.05 vs. LPS (100 pug/mL). Abbreviations used in this figure denote: LPS100 - LPS 100 pg/mL;

Tbu 0.1 - ibuprofen 0.1 mM; Ibu 1 — ibuprofen 1 mM
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ence on cell viability (p < 0.05). Ibuprofen did not
affect cell viability at 0.1 mM, but decreased it in a
statistically significant manner when used at 1 mM.
Both concentrations (0.1 and 1 mM) of ibuprofen
inhibited proliferation of cells by 76 and 30%, respec-
tively (p < 0.05). Moreover, 0.1 and 1 mM ibuprofen
inhibited LPS-induced proliferation by 52 and 89%
and cell viability by 35 and 51%, respectively. These
results were statistically significant (p < 0.05).

DISCUSSION

Our previous studies have shown that hypoxia
(evoked by 3% O,) increase the concentration of
VEGF in human microvascular endothelial cells
(HMEC-1), therefore in this study CoCl, is used
inducing chemical hypoxia (15, 17-20) for compari-
son with LPS. In this study, bacterial lipopolysac-
charide (LPS) is derived from Salmonella enteritidis
cell walls and it causes the release of inflammatory
cytokines. LPS is a less potent stimulator of VEGF
secretion than hypoxia and, in contrast to hypoxia,
stimulates the secretion of bFGF (17, 18, 20). The
aim of this work was to determine the effect of
ibuprofen, a non-selective COX inhibitor that
inhibits the formation of prostanoids, on the secre-
tion of VEGF under hypoxia and inflammatory con-
ditions, as well as bFGF generation under inflam-
matory conditions.

Ibuprofen was found to induce production of
VEGF and intensify the secretion of LPS-induced
VEGF in a statistically significant manner (p <
0.05) (Fig. 1). The formation of VEGF is regulated
by hypoxia and HIF (hypoxia induced factor) com-
plex (19, 21, 22). NSAIDs have been observed to
inhibit hypoxia-induced angiogenesis via increas-
ing expression of the VHL tumor suppressor, reduc-
ing accumulation of HIF-la, and consequently
decreasing the secretion of VEGF in rat gastric
microvascular endothelial cells, although non-
selective COX inhibitor was not found to weaken
the effect of LPS and CoCl, on VEGF secretion
(21). These observations can be explained accord-
ing to Palayoor et al. (23), who report that, when 2
mM ibuprofen is used in prostate cancer cells under
hypoxic and normoxic conditions, a significantly
higher concentration of ibuprofen is needed to
inhibit the synthesis of HIF-1ow and HIF-regulated
gene products (VEGF) than prostaglandins (23). In
the present study, ibuprofen used at the maximum
concentration of 1 mM did not in fact inhibit VEGF
secretion, but even potentiated it.

In a previous study, hypoxia was not seen to
have an effect on bFGF level in HMEC-1 cells,

although bFGF secretion was stimulated by LPS
(20). Ibuprofen, used at both concentrations, inhibit-
ed the secretion of bFGF in the presence of LPS in
tested cells to a statistically significant degree (Fig.
2.). Ibuprofen decreased level of LPS-induced bFGF
in cell culture media to a greater degree when used
at | mM than 0.1 mM (p < 0.05). Akarasereenont et
al. demonstrated that LPS, the inflammatory media-
tor, is responsible for stimulation of COX and
prostaglandin production in bovine aortic endothe-
lial cells (BAEC) (24). Thus, the application of
COX inhibitor reduces bFGF levels in HMEC-1
cells, which may indicate on participation of inflam-
mation in the bFGF synthesis. The effect of ibupro-
fen on the secretion of bFGF may be reflected in the
cardiovascular risk of NSAIDs, since bFGF (pro-
angiogenic factor) is responsible for regeneration
after myocardial infarction (11, 12).

According to the MTT and thymidine tests, the
incubation of endothelial cells with 100 pg/mL LPS
significantly stimulated cell survival (Fig. 3.) and
proliferation (Fig. 4) (p < 0.05). Ibuprofen used at
concentrations of 0.1 and 1 mM inhibited cell via-
bility and the proliferative effect of 100 pg/mL LPS
in comparison with the control and endothelial cells
incubated with LPS. The cells exposed to LPS were
found to release cytokines which activate COX-2.
The products, prostaglandins, are responsible for
endothelial cell proliferation (25, 26), COX
inhibitors such as ibuprofen prevent their synthesis
and hence, cell proliferation. Some studies have
shown that sulindac and celecoxib inhibit the sur-
vival of endothelial cells and even induce their
apoptosis (27, 28). Low concentrations of aspirin,
which is used as an anti-aggregation drug, protect
BAEC from apoptosis, while at relatively higher
concentrations, when used as an anti-inflammatory,
they induce apoptosis in endothelial cells (26).
Taken together, the results imply that the inhibition
of endothelial cell viability by high doses of
NSAIDs lead to impaired endothelium function,
which may have further consequences in terms of
cardiovascular risk.

CONCLUSIONS

The obtained findings demonstrate that ibupro-
fen at concentrations of 0.1 and 1 mM both stimu-
lates VEGF secretion and it increases bFGF reduc-
tion in concentration-dependent manner under
inflammatory conditions. Ibuprofen decreases pro-
liferation and cell viability induced by LPS in a con-
centration-dependent manner. The observed effects
of ibuprofen on endothelial cells may further explain
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its effects as well as other NSAIDs on the cardio-
vascular system function in cardiovascular diseases.
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