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Objective: Endothelial dysfunction is a key event in the onset and progression of atherosclerosis associ-
ated with diabetes. Increasing cell apoptosis may lead to endothelial dysfunction and contribute to vascular
complications. Therefore, we aimed to elucidate the possible role and mechanism of ibrolipim in prevent-
ing endothelial dysfunction induced by high glucose. Methods: Human umbilical vein endothelial cells
(HUVECSs) were cultured respectively under normal glucose level (5.5 mM), high glucose level (33 mM),
and high glucose level with ibrolipim treatment. Endothelial dysfunction was identified by the expression
of ET-1 and vVWF through reverse transcription PCR (RT-PCR). HUVECs apoptosis was assessed by flu-
orescent staining with Hoechst 33258. Akt activity was analyzed by western blot. Results: High glucose
condition significantly increased the rate of apoptotic cells, weakened cell viability, and decreased the
expression of ET-1 and vVWF. Ibrolipim treatment significantly attenuated these alterations of endothelial
dysfunction. The lower concentrations (2, 4, 8 wM) of ibrolipim inhibited apoptosis of cultured HUVECs,
improved cell viability, down-regulated the mRNA levels of ET-1, vVWF, and attenuated the cytotoxicity;
however, higher concentration (16, 32 wM) of ibrolipim aggravated the damage of HUVECs cultured under
high glucose level. Meanwhile, high glucose induced a decrease of Akt activity which led to apoptosis, and
ibrolipim prevented the decrease and attenuated apoptotic effect induced by high glucose. Furthermore,
the PI3K inhibitor LY294002 significantly abolished the anti-apoptotic effect of ibrolipim, and decreased
Akt phosphorylation. Although, the expression of Akt mRNA and total protein were not altered in cul-
tured HUVECSs. Conclusion: lbrolipim at lower concentrations can inhibit high glucose-induced apoptosis
in cultured HUVECs, which might be related to the alternation of Akt activity. Ibrolipim has the potential
to attenuate endothelial dysfunction and lower the risk of diabetes-associated vascular diseases. And it

might be a therapeutic agent for diabetic vascular complications.

1. Introduction

Diabetes mellitus can cause a wide variety of vascular
complications and cardiovascular dysfunction. Dyslipidemia,
hyperglycemia and increased oxidative stress have been pro-
posed to explain the acceleration of atherosclerosis in diabetes
mellitus(Renard and Van Obberghen 2006; Sudano et al. 2006).
The importance of hyperglycemia is becoming increasingly evi-
dent in this process. Population studies show that higher levels
of blood glucose are associated with an incremental risk of car-
diovascular disease and hyperglycemia is thought to be a key
factor in the development of endothelial dysfunction (1998).
Endothelial dysfunction might be the beginning of atheroscle-
rosis in diabetes mellitus (Kosuge et al. 2005). The mechanisms
of hyperglycemia-related endothelial dysfunction and clinical
complications still remain unclear. Some studies show that cell
apoptosis is an important factor contributing to the increased vas-
cular risk associated with Diabetes mellitus, and high glucose
can accelerate cell apoptosis, which can aggravate this process
(Ho et al. 2006; Sheu et al. 2005). Therefore, prevention of high
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glucose-induced endothelial-cell dysfunction may be a new to
treat diabetes-associated atherosclerosis.

Increased cell apoptosis (Bannerman et al. 1998), and upregu-
lation of endothelial specific markers such as von Willebrand
factor (vWF) and endothelin-1 (ET-1) are considered charac-
teristics of endothelial dysfunction (Bousette and Giaid 2003;
Chang et al. 2002; Chen et al. 2003; Lam 2001; Schneider et al.
2002). Vascular endothelial dysfunction of Diabetes mellitus
type 2 is concerned with protein kinase B activity inhibition
(Kobayashi et al. 2004). Protein kinase PKB/Akt is an important
anti-apoptotic protein, and mediates the pathological process of
tumors and diabetes (Amaravadi and Thompson 2005; Fulton
et al. 1999). Evidence indicates that PI3K/Akt plays an impor-
tant role in preventing high glucose-induced endothelial cell
injury.

Ithas been reported that ibrolipim ([4-(4-bromo-2-cyanophenyl-
carbamoyl) benzyl]-phosphoric acid diethyl ester, NO-1886)
(Fig. 1) can decrease triglycerides, glucose and FFAs level in
plasma, with an increase of lipoprotein lipase (LPL) activity.
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Fig. 1: Ibrolipim (NO-1886), [4-(4-bromo-2-cyano-phenylcarbamoyl)-benzyl]-
phosphonic acid diethyl ester

Meanwhile ibrolipim up-regulates high density lipoprotein
cholesterol levels in rats, rabbits and minpigs. Furthermore,
ibrolipim can prevent fat accumulation in high fat-fed rats,
reduce insulin resistance (Kusunoki et al. 2000), and inhibit
atherosclerosis lesions in diabetic experimental animals (Yin
et al. 2002).

Despite recent advances in therapy, prognosis for diabetes-
associated vascular diseases is poor. So there remains a need for
more effective and less harmful treatments. Therefore, investi-
gating the molecular mechanism of diabetes-associated vascular
diseases is important.

In this study, we aim to confirm whether ibrolipim attenuates
high glucose-induced endothelial dysfunction in human umbil-
ical vein endothelial cells (HUVECs:).

2. Investigations and results

2.1. Effects of ibrolipim on the gene expression of ET-1
and vWF

In this study, we used RT-PCR to examine the concentration
dependence effects of ibrolipim on ET-1 and vWF mRNA lev-
els in HUVECs treated with high glucose concentration. The
results showed that after pretreatment with high glucose for 72 h,
the mRNA levels of ET-1 and vWF mRNA were significantly
increased, by 297.1% and 177.8% compared with the control
group respectively, and ibrolipim (2, 4, 8 uM) attenuated the
mRNA expression levels induced by high glucose (Fig. 2). The
8 WM ibrolipim treated group showed more significant effects
than the 0 wM treated ibrolipim group. The mRNA levels of ET-
1 and vWF showed no significant difference between the control
group and the 8 wM ibrolipim group. However, compared with
the 8 wM ibrolipim treated group, the mRNA levels of ET-1,
vWF were significantly increased in both the 16 and 32 pM
ibrolipim treated groups, and there was no significant difference
between the high glucose group and the 32 pM ibrolipim treated
group. The results indicated that the effects of ibrolipim on the
mRNA levels of ET-1 and vWF in HUVECs treated by high
glucose were related to ibrolipim concentration, and the 8 uM
ibrolipim treated group led to the most significant decrease.

2.2. Time dependent effect of 8 uM ibrolipim on the gene
expression of ET-1 and vWF

The time course effects of ET-1 and vWF mRNA levels in
HUVEC:s treated by high glucose and 8 .M ibrolipim were ana-

lyzed by the RT-PCR method. As shown in Fig. 3, compared with
the high glucose model group, mRNA levels of ET-1 and vWF

showed a significant decrease, but there was the biggest decline
in the 24-h exposure group. There were no significant differences
between the control group and the 24-h exposure group. ET-1
and vVWF mRNA levels in the 24-h exposure group decrease to
30.0% and 42.9% of the control group, respectively. However,
compared with the 24-h group, the mRNA levels increased sig-
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Fig. 2: High glucose increased the mRNA levels of ET-1 and vWF in HUVECs.
Ibrolipim (2, 4, 8 uM) gradually decreased the mRNA levels of ET-1 and
vWE, but the mRNA levels of ET-1, vWF were significantly increased at 16,
32 uM ibrolipim. Values are mean & S.D. from 3 independent experiments.
*p <0.05 compared with control group. #<0.05 compared with high glucose
group. +p <0.05 compared with 8 uM ibrolipim plus high glucose group

nificantly in the 48-h and 72-h exposure groups. Experimental
results indicated that the protective effect of 8 WM ibrolipim on
endothelial dysfunction induced by high glucose was concerned
with intervention time, 24-h while the exposure group showed
the best protective effects.
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Fig. 3: High glucose increased the mRNA levels of ET-1 and vWF in HUVECs.
8 uM ibrolipim exposure could significantly decrease the mRNA levels of
ET-1 and vWF induced by high glucose treatment. And there was the biggest
decline in the 24 h group. However, the mRNA levels of ET-1 and vWF were
significantly increaced in 48 h and 72 h group compared with 24 h group.
Values are mean &= S.D. from 3 independent experiments. *p <0.05 compared
with control group. #p <0.05 compared with high glucose group. +p <0.05
compared with 8 uM ibrolipim for 24 h plus high glucose group

799




ORIGINAL ARTICLES

120

80
40
20

0

Control HG+SuM ibrolipim

= &
oy
(=4
(=4

Cell wviability
(]
o

Fig. 4: Effect of 8 WM ibrolipim on high glucose-induced loss of cell viability.
HUVECS pretreated with 8 wM ibrolipim were exposed to high glucose for
72 h. Cell viability was determined by MTT assay. Results are expressed as
percentages of control. Values are mean &+ S.D. from 3 independent
experiments. *p <0.05 compared with control group. #p <0.05 compared
with high glucose group.

2.3. Effect of ibrolipim on high glucose-induced loss of
HUVEC: viability

To determine the effects of glucose and 8 wM ibrolipim on
HUVEC S, we first performed a MTT assay to measure cell via-
bility. As illustrated in Fig. 4, compared with normal glucose,
exposure of HUVECs to high glucose concentration for 72 h
resulted in a significant decrease in cell viability to approxi-
mately 57.67%, which was consistent with previous reports (Ho
et al. 2006; Ido et al. 2002). Pretreatment with 8 uM ibrolipim
improved cell viability, which increased to 86.06% of the control

group.

2.4. Iibrolipim inhibited cells apoptosis under high
glucose condition

HUVEC: apoptosis were confirmed by Hoechst 33258 staining.
Asshownin Fig. 5A, C, HUVECs nuclei were round and stained
with Hoechst 33258. Fig. 5B, D showed manifest fragment
of DNA in nuclei. High glucose induced significant apopto-
sis (Fig. 5B), whereas ibrolipim significantly attenuated high

C D

Fig. 5: Induction of nuclear fragmentation in HUVECs (2 x 10° cells/ml) were
treated with high glucose for 72 h, 8 wM ibrolipim for 24 h and LY294002
preconditioning for 30 min, then stained with Hoechst 33258. (A) Control
group; (B) High glucose group; (C) 8 wM ibrolipim plus high glucose group;
(D) 10 uM LY294002 plus 8 uM ibrolipim plus high glucose group. Cell
morphology was observed under a fluorescence microscope (x 200). Normal
cells: structure integrated, normal size, and uniformly blue (A, C). Apoptotic
cells: containing bright blue patches in the nuclei (B, D).
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Fig. 6: HUVECs pretreated with or without ibrolipim were exposed to high glucose
with or without inhibitors for 72 h. High glucose, 8 uM ibrolipim and 10 uM
LY294002 did not alter the expression of Akt mRNA in cultured HUVECs.
Values are mean = S.D. from 3 independent experiments.

glucose -induced apoptosis (Fig. 5C), and LY294002 abolished
the anti-apoptosis effect of ibrolipim (Fig. 5D). Marked apop-
totic morphologic alterations including membrane and nuclear
condensation were also observed by fluorescence microscopy.

2.5. Effect of ibrolipim on high glucose-induced Akt
mRNA expression

In the study, we used RT-PCR to examine the effect of ibrolipim
on Akt mRNA levels in HUVECS treated by high glucose. As
shown in Fig. 6, the mRNA levels of Akt showed no signifi-
cant difference between control group and high glucose group.
However, pretreatment with 8 M ibrolipim for 24 h showed no
significant effect of Akt mRNA levels. Meanwhile, there was no
alteration of Akt mRNA levels in cultured HUVECS pretreating
with 10 M LY294002 for 30 minutes.

2.6. Ibrolipim promoted Akt activity under high glucose
condition

To explore the possible mechanism of the anti-apoptotic effect
of ibrolipim on high glucose-induced HUVECs, we investigated
the effect of ibrolipim on Akt activity. High glucose decreased
the ratio of p-Akt (Ser-473) and p-Akt (Thr-308) to Akt by
74.4% and 80.6%, compared with the control group, respec-
tively. Ibrolipim increased the ratio of p-Akt (Ser-473) and
p-Akt(Thr-308) to Akt by 119.7% and 114.7%, compared with
the HG group, respectively (Fig. 7). The protective effect of
ibrolipim was inhibited by LY204002, by 86.7% and 83.3%,
respectively. High glucose and ibrolipim did not alter the expres-
sion of total Akt.

3. Discussion

Diabetes mellitus is a major risk factor for the development of
vascular complications leading to a threefold increase in death
relative to nondiabetic patients. Complications are the major
contributors to morbidity and mortality in diabetes (Ido et al.
2002). Hyperglycemia can accelerate endothelial dysfunction
(Datta et al. 1999). And endothelial dysfunction is a key event
in the onset and progression of atherosclerosis associated with
diabetes (Sheu et al. 2005). Furthermore, increasing cell apo-
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Fig. 7: Effect of ibrolipim on PI3k/Akt pathway under high-glucose condition in
HUVECs. We used the ratio of phosphorylation to total protein expression to
evaluate Akt activity. HUVECs were incubated with or without ibrolipim
(8 M), high glucose (33 mM), inhibitors for 72 h. Values are mean &+ S.D.
from 3 independent experiments. *p <0.05 compared with control group.

#p <0.05 compared with high glucose group. + p <0.05 compared with 8 uM
ibrolipim plus high glucose group.

ptosis may contribute to the loss of endothelial integrity and
lead to vascular complications (Sheu et al. 2005). High glucose
accelerates cell apoptosis (Burgering and Coffer 1995; He et al.
2006). We aimed to elucidate the possible role and mechanism
of ibrolipim in preventing endothelial dysfunction induced by
hyperglycemia. In this study, high glucose enhanced the expres-
sion of vWF and ET-1, promoted cell apoptosis and inhibited
Akt activity in cultured HUVECs, thus resulting in endothelial
dysfunction. However, ibrolipim, a lipoprotein lipase activa-
tor, could prevent the negative effects induced by high glucose,
thereby inhibiting the accelerated endothelial dysfunction pro-
cess induced by high glucose. This effect was associated with
an upregulated PI3K/Akt pathway.

The plasma levels of vWF are elevated in response to endothe-
lial damage, hypoxia, inflammatory cytokines, thrombin, and
adrenalin. And levels of vVWF are a biomarkers highly associated
with endothelial dysfunction (Hogikyan et al. 1998). Increas-
ing VWF in cardiovascular disease patients forecast the major
clinical events such as the occurrence of death and myocardial
infarction (Lunetta et al. 1998). ET-1, a 21-amino acid peptide
produced primarily in endothelial cells, is the most powerful
endogenous vasoconstrictive agent and has been identified as a
key player of endothelial dysfunction resulting from endothelial
cells activation even injury (Thompson et al. 1995). ET-1 par-
ticipates in the entire atherosclerosis process (Ihling et al. 2004)
as well as being an important index of endothelial dysfunc-
tion. It also plays an important role in atherosclerosis, especially
diabetes-associated vascular diseases and indicates endothelial
function in vasoconstriction and vasodilation and the injury of
HUVEC:s exposed to high glucose.

High glucose results in endothelial cells injury even death, which
leads to the secretion of ET-1 and vWF by Ecs (Varga-Szabo
et al. 2008). To investigate the release of ET-1 and vWF by
HUVECs subjected to high glucose, the expression of ET-1
and vWF were measured. Results showed that hyperglycemia
induced the expression of ET-1 and vWF in HUVECs compared
with control groups. After pretreatment with ibrolipim for 24 h,
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the expression of ET-1 and vWF significantly decreased com-
pared with high glucose group. The lower concentrations (2, 4,
8 uM) of ibrolipim decreased the expression of ET-1 and vWF
induced by high glucose, and attenuated the cytotoxicity; in con-
trast, higher concentrations (16, 32 wM) of ibrolipim aggravated
the damage of HUVECSs induced by high glucose. Whether there
is an interaction with high glucose, such as increasing oxidative
stress reaction etc, which has not been seen. And the specific
mechanism needs further clarification. Our results show that
ibrolipim inhibited the expression of ET-1 and vWF and subse-
quently more effectively reversed the changes of ET-1 and vWF,
and ameliorated endothelial dysfunction that occurred during
hyperglycemia.

Akt is a downstream effector of PI3K and a multifunctional
regulator of priming apoptosis, cell survival, cell cycle, anti-
oxidation, angiogenesis and protein synthesis, for example.
Meanwhile Akt mediates tumor and diabetes pathological pro-
cesses in carcinogenesis and diabetes (Abraham and Dashwood
2008). Akt regulates cell apoptosis and metabolism by Akt-
Thr308 and Akt-Ser473 sites phosphorylation (Berk et al. 2001;
Coutinho et al. 1999). Phosphorylation of Ser473 is very impor-
tant to maximize Akt activity (Franke etal. 1997). Recent studies
show that the PI3k/Akt pathway plays an important role in pre-
venting high glucose-induced cell injury.

Akt activity reduced by high glucose results in the inhibi-
tion of GLUT4-mediated glucose transportation (Hernandez
et al. 2001; Tremblay et al. 2001). It is plausible that
hyperglycemia-induced uncoupling of post-receptor insulin
signaling at PI3k-Akt in ECs may be responsible for the devel-
opment of vascular complications in diabetes. High glucose
concentration has been reported to increase ECs apoptosis (Liu
et al. 2004). The need for research into the role of Akt signaling
in the pathophysiology of complications of diabetes mellitus has
been emphasized (Zdychova and Komers 2005).

Apoptosis is particularly prominent in models of hyperglycemic
injury, affecting a significant proportion of vascular endothe-
lium in the tissue damage (Ceriello et al. 2002; Nakagami
et al. 2001; Zou et al. 2002). Apoptosis is implicated in
hyperglycemia-induced endothelial dysfunction (Ayalasomaya-
jula and Kompella 2003; Gryglewski et al. 2001; Meeking et al.
2000). It is likely that hyperglycemia inhibits the PI3k/Akt
pathway in ECs, thus resulting in reduced ECs viability and
proliferation, with increased ECs apoptosis. ECs apoptosis
contributes to the pathogenesis of atherosclerosis and throm-
boembolization.

Recent studies have shown that certain factors, by up-regulating
PI3K/Akt pathway, promoted Akt phosphorylation, decreased
cells apoptosis, attenuated endothelial dysfunction. And appli-
cation of PI3K inhibitors inhibited Akt activity and enhanced
cells apoptosis. In our study, we gained some similar results.
Our results showed unequivocally the role of Akt in high glu-
cose induced effects in HUVECs. Expectedly, we observed that
the treatment of HG in HUVECs induced apoptosis, decreased
cell viability, and demonstrated that high glucose could pro-
mote cell apoptosis. However, whether ibrolipim attenuates cell
apoptosis induced by high glucose is unclear. In our study, we
chose an appropriate concentration of ibrolipim (8 wM) to carry
on a follow-up study through in a dose- and time-dependent
manner experiment. At first, we investigated the effect of five
different concentrations (2 uM, 4 uM, 8 uM, 16 uM, 32 uM) of
ibrolipim and five different time points (6, 12, 24, 48, 72 h) of
8 wM ibrolipim on high glucose accelerated endothelial cell dys-
function. We also found anti-apoptotic effect of 8 wM ibrolipim
for 24 h was best. We found that ibrolipim could inhibit cell apo-
ptosis induced by high glucose in HUVECs (Fig. 5C), improved
cell viability (Fig. 4), and alleviated the direct toxicity of high
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Table: Primer sequence for RT-PCR

Gene Name Forward primer Reverse primer Annealing (°C) Product (bp) Accession no.
ET1 TGACCCACAACCGAGCACA TCCCCAGATGAAAGAAGAGACC 57 258 NMO001955
vWF AAGAAGAGGAAGGGCGAGTAGG CGAGGTGAGCATTGCGTGAC 58 470 NM199121
Akt CTGTGGCACTCCAGAATA CAAGAGCCCTGAAAGCAA 56 225 NMO005465
GAPDH TCACCATCTTCCAGGAGCGAG TGTCGCTGTTGAAGTCAGAG 60 697 NMO002046

glucose and its metabolites on endothelial cells. Moreover, pre-
treatment with the PI3K/Akt inhibitor LY294002 significantly
increased the rate of cell apoptosis (Fig. 5D).

We explored the possible mechanism of the anti-apoptotic
effect of ibrolipim on high glucose-induced HUVECs. In this
study, we found that lower concentration ibrolipim attenuated
high glucose-induced apoptosis in cultured HUVECs by up-
regulation Akt phosphorylation of threonine 308 and serine
473, increased Akt activity, and inhibited apoptosis. The study
indicated that Akt (Thr308) and Akt (Ser473) might be signal
cascade sensitive components in ibrolipim influenced apopto-
sis of endothelial cells. Pretreatment with inhibitors LY294002
obviously blocked Akt phosphorylation to levels similar to
those under high glucose alone, inhibiting ibrolipim antiapop-
totic function, and leading to cell apoptosis. It has been shown
that Akt activation has an antiapoptotic effect in endothe-
lial cells, ibrolipim might exert antiapoptotic effects under
hyperglycemic conditions at least in part through PI3-K/Akt
pathways. Ibrolipim might directly enhance Akt activity to
inhibit apoptosis and might markedly decrease the expression of
endothelial markers such as vWF and ET-1, so endothelial func-
tion was improved. Therefore, ibrolipim may exert a beneficial
effect in preventing diabetes-associated cardiovascular com-
plications by increasing Akt activity and antiapoptotic effect.
Therefore, further studies will be needed to clarify the mecha-
nism of ibrolipim effects on endothelial dysfunction induced by
high glucose.

In summary, endothelial dysfunction induced by high glucose
might be an important mechanism in the pathological changes
of cardiovascular complications in diabetes. We found that
ibrolipim, a lipoprotein lipase activator, decreased the expres-
sion of ET-1 and vWF, inhibited high glucose-induced apoptosis
of cultured HUVECs through upregulating Akt activity. And
we demonstrated that ibrolipim had the potential to attenuate
endothelial dysfunction and lower the risk of diabetes-associated
vascular diseases. Further studies are required to determine the
effect of ibrolipim on the development of endothelial dysfunc-
tion.

4. Experimental

4.1. Reagents

Agent ibrolipim (NO-1886), [4-(4-bromo-2-cyano-phenylcarbamoyl)-
benzyl]- phosphonic acid diethyl ester, CAS 133208-93-2, Lot.No.
CO0C99H74SM, was synthesized in the new drug research laboratory of
Otsuka pharmaceutical factory Inc., (Tokushima, Japan). DMEM medium
and fetal bovine serum were purchased from GIBCO/BRL. D-glucose was
obtained from Sigma Chemicals (St. Louis, MO, USA). RevertAidTM
First Strand cDNA Synthesis Kit was purchased from Fementas Inc., (MD,
USA). Antibodies of Akt, P-Akt (Ser473) and P-Akt (Thr308) were pur-
chased from Cell Signaling Technology (Danvers, MA, USA). Enhanced
chemiluminescence (ECL) detection kit was purchased from Santa Cruz
Biotechnology, Inc. (CA, USA). LY294002, antibodies ET-1, vWF and anti-
B-actin, Hoechst33258 fluorescein stain apoptosis Kit were obtained from
Beyotime Institute Biotechnology. All other reagents used were high grade
commercially available products.

4.2. Cell culture

HUVECs-12 were obtained from Central South University (CSU) (Chang-
sha, China) and were cultured in normal glucose (5.5 mM) Dulbecco’s
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modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), 100 U/ml penicillin, 100 mg/ml streptomycin and maintained
at 37°C in a humidified 5% CO, in air incubator. Cells at passages 2-5
were used in this study. After serum-starvation for 12h, HUVECs were
incubated in normal glucose (control group, 5.5 mM) for 72 h, high glucose
(HG group, 33 mM) for 72 h, ibrolipim (2, 4, 8, 16, 32 wM) for 24 h plus
high glucose, 8 uM ibrolipim (6, 12, 24, 48, 72 h) plus high glucose, pre-
treated with LY294002 (10 wM) for 30 min before ibrolipim (8 uM) plus
high glucose.

4.3. Reverse transcription-PCR

Total RNA was isolated from the cells using Trizol reagent according to the
manufacturer’s instructions. Two pg of total RNA was used for reverse tran-
scription in a total volume of 20 w1 with the RevertAid™ First Strand cDNA
synthesis Kit. Aliquots of 2 ul cDNA were subsequently amplified in a total
volume of 20 ul using the MasterMix PCR kit following conditions rec-
ommended by the manufacturer. The sense and antisense primer sequences
and PCR conditions are listed in the Table. PCR products were analyzed by
electrophoresis on a 1.5% agarose gel viewed by ethidium bromide (EB)
staining. The data were acquired with Alpha Imager 2200 software.

4.4. MTT assay

Cell viability was assessed by the 3-(4,5-dimethylthiazol-z-yl)-2, 5-
diphenyl tetrazolium bromide (MTT) assay. Briefly, cells seeded on 96-well
microplates at 2000 cells/well were incubated with the test compounds for
indicated period. After exposure, 20 L of the MTT solution (5 mg/mL) was
added into each well, and the plates were incubated for an additional 4 h.
After removing the medium, DMSO (150 pL) was added into each well.
The plates were read on a enzyme immunoassay analyzer (Bio-Tek Inc.,
ELx-800, USA) at 490 nm.

4.5. Cell apoptosis

HUVECs were collected, cells were washed with cold PBS twice and then
fixed with 4% formaldehyde for 10 min at 4 °C. After fixation, the cells
were washed with PBS twice and stained with Hoechst 33258 in the dark to
counterstain nuclei. Cells were observed and photographed under a Nikon
fluorescence microscope.

4.6. Western blot analysis

The cells were rapidly washed with ice cold PBS and lysed in sample buffer.
Lysates were boiled for 5 min, and equal amounts of total cell protein were
separated with 10% SDS-PAGE under denaturing conditions. After the pro-
teins were electrotransferred to nitrocellulose, the membranes were soaked
in 5% nonfat dry milk for 4 h and incubated overnight at 4 °C with the anti-p-
Akt (Ser-473) or anti-p-Akt (Thr-308) polyclonal antibody (diluted 1:500)
or anti- Akt or anti-B-actin. After incubation with horseradish peroxidase-
conjugated secondary antibody (diluted 1:5000) for 2 h at room temperature,
the immune complexes were visualized by enhanced chemiluminescence
methods; the band intensity was measured and quantitated. The p-Akt or
Akt band intensity was relative to the B-actin band intensity. The resulting
digital images were quantified using Alpha Imager 2200 software.

4.7. Statistical analysis

All data were presented as mean =+ S.D., and statistical significance was
analyzed with one-way ANOVA followed by LSD and Dunnett’s T3 test
using SPSS 12.0. P value < 0.05 was deemed statistically significant in all
experiments.
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