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Propofol is a widely used intravenous anesthetic agent with antioxidant/antiapoptotic properties. Aldose
reductase (AR) has been implicated in oxidative stress and apoptosis in endothelial cells. AR inhibition
may protect cells from cardiovascular injury. Although the cytoprotective effect of propofol against hydrogen
peroxide (H>O2)-induced injury has been widely studied, there is no information about the effects of propofol
on AR. We therefore investigated the effect of propofol on H,O.-mediated injury and on aldose reductase
expression. We found that propofol protected HUVECs against H,O»-induced damage and apoptosis and
ameliorated AR expression induced by H,O,. Propofol also inhibited H,O»-induced p38 MAPK, JNK and
Akt phosphorylation. Epalrestat (an AR inhibitor) or ablation of AR siRNA had a similar effect to propofol.
The results suggest that propofol may be a preemptive anesthetic in patients with cardiovascular disease

and inhibition of AR might be a new cytoprotective pathway for propofol.

1. Introduction

Vascular endothelial cells have important physiologic func-
tions in maintaining cardiovascular stability. Many risk factors
may cause endothelial cell dysfunction and result in apoptosis.
Oxidative stress and reactive oxygen species (ROS) are regarded
as critical pathogenic factors in endothelial cell damage and the
development of cardiovascular diseases (Cai 2005). As one of
the major ROS, hydrogen peroxide (H,O,) plays a central role
in vascular pathophysiology. Many studies have revealed that
H,0; can induce cell damage and apoptosis in endothelial cells,
and the underlying mechanisms are related to Mitogen activated
protein kinases (MAPKs) and Akt (Chen et al. 2010; Wang
et al. 2007). Among the MAPK members, JNK and p38 MAPK
are preferentially activated in response to various stresses and
pro-apoptotic signals in numerous cell types. The Akt pathway
is generally associated with survival pathways against multi-
ple pro-apoptotic stimuli that induce its activation (Ryter et al.
2007). Therefore, blockade of these pro-apoptotic/pro-oxidative
pathways in endothelial cells is considered to be an attractive
therapeutic strategy to prevent or ameliorate the progression of
H,0O,-induced cardiovascular diseases.

Propofol (2,6-diisopropylphenol) is a widely used intravenous
agent for anesthesia and sedation. Its structure is similar to the
endogenous antioxidant a-tocopherol (vitamin E) (Murphy et al.
1992). Propofol has antioxidant and antiapoptotic effects, but
its effect varies among different cell types and involves multiple
mechanisms (Chen et al. 2010; Ansley et al. 1999; Chen et al.
2011; Wang et al. 2009). Propofol differentially activates certain
MAPKSs, ERK, p38-MAPK, and JNK, depending on the cell
type and experimental conditions (Chen et al. 2010; Gu et al.
2013; Liang et al. 2011). Although the cytoprotective effect of
propofol against H,O;-induced injury has been widely studied,
the underlying mechanisms remain unclear.
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Aldose reductase (AR), a rate-limiting enzyme in the polyol
pathway of glucose metabolism, has been studied for its involve-
ment in the pathogenesis of secondary diabetic complications.
AR activation may cause oxidative stress and mediates car-
diovascular dysfunction and complications via oxidative stress
(Ramasamy and Goldberg 2010). Conversely, oxidative stress
has been shown to activate AR (Kaiserova et al. 2006). AR inhi-
bition may therefore be a useful therapy against oxidative stress.
On the other hand, AR, as a member of the NADPH-dependent
aldo-keto reductase family, exhibits broad substrate specificity
for reactive aldehydes that are down-stream products of lipid
peroxidation, suggesting that this enzyme may be involved in
protection against oxidative injury (Ramana et al. 2000). More-
over, it has been reported that AR can attenuate cell apoptosis by
inhibiting oxidative stress and AR is a critical regulator of apop-
totic signaling in endothelial cells (Ramana et al. 2004). Despite
the above contradictory reports, AR may play an important role
in ROS-mediated cytotoxicity.

However, no evidence has been reported concerning the direct
effect of propofol on AR. We hypothesized that propofol atten-
uates oxidative stress and cell apoptosis via AR and thereby
confers its protection. The results suggested that the protective
effect of propofol on H,O;-induced HUVEC dysfunction was
involved in AR. Further study demonstrated the involvement of
p38 MAPK, JNK and Akt pathways in this process.

2. Investigations and results

2.1. Effects of propofol or epalrestat on H;O;-induced
cytotoxicity in HUVECs

After incubation with 100, 200, 300, 400 and 500 uM H,O,
for 4 h, the viability of HUVECs was reduced significantly in a
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Fig. 1: Effects of H,O, and/or propofol/epalrestat on HUVEC viability and apoptosis. (A-C) Cell viability was measured using a CCK-8 assay. HUVECs were incubated with or
without H,O; for 4 h. C, DMSO, P, and epalrestat are plain control, vehichle control, propofol control, and epalrestat control, respectively. (A) H,O, decreased the
HUVEC viability in a concentration-dependent manner. (B) HUVECs were pretreated for 30 min with propofol or epalrestat in the presence or absence of H,O, (400 uM)
for 4h. (C) Cell viability was not significantly affected by propofol (1, 5, 25, 50 wM), epalrestat (25 uM) or vehicle (DMSO). (D, F) Cell apoptosis was evaluated using
Annexin V/PI staining. (E) Caspase-3 activity was measured using Fluorometric CaspACE™. The results were expressed as mean + SD (n=5). *P<0.05, P <0.01,

P <0.001 vs C group; *P <0.05, #P <0.01, #* P <0.001 vs H group.

dose-dependent manner (Fig. 1A). When the cells were treated
with 400 uM H,O, for 4 h, the cell viability was approximately
50%. Thus, 400 uM H,0, was chosen for subsequent experi-
ments based on these results.

Because the initial concentration of propofol for sedation is
approximately 1 wM and steady-plasma propofol concentra-
tions in the clinical setting are 10 to 50 uM (McMurray
et al. 2004; McDermott et al. 2007), we initially examined
the effect of propofol from sedation to anesthesia at con-
centrations of 1-50 wM. Propofol pretreatment inhibited the
H,0;-induced cytotoxicity in a concentration-dependent man-
ner. Pretreatment with 25 M epalrestat (an AR inhibitor) also
suppressed HUVEC viability, but there was no significant dif-
ference (Fig. 1B).

Propofol or epalrestat alone did not affect cell viability. Propofol
was diluted in dimethyl sulfoxide (DMSO), whose concentration
in the medium was 0.1%. DMSO had no effect on H,O,-induced
cell viability (Fig. 1C). Moreover, we eventually chose the level
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of 50 uM propofol for subsequent experiments based on the
following AR expression and on similar methods described
in the scientific literature (Wang et al. 2007). Because similar
results were obtained using AR-antisense and inhibitors, an AR
inhibitor was used for most of the subsequent experiments.

2.2. Effects of propofol or epalrestat on H,0;-induced
apoptosis in HUVECs

Annexin V/PI staining was used to examine the protective role of
propofol or epalrestat in H, O,-induced apoptosis. The apoptosis
rate was the sum of both early and late apoptosis events. As
shown in Fig. 1D and 1E, after 4 h treatment with 400 uM H, O,
the proportion of apoptotic/necrotic cells was more than three
times higher than that of the untreated control. Pretreatment with
propofol or epalrestat significantly decreased the percentage of
apoptotic cells following H,O, treatment.
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Fig. 2: Effects of Propofol or epalrestat on H>O;-induced production of ROS in HUVECs, MDA and NO in cell culture medium. HUVECs were pretreated with propofol or
epalrestat for 30 min followed by 400 uM H, O, treatment for 4 h. C, P, and epalrestat are plain control, propofol control, and epalrestat control, respectively. (A)
Morphological observation using a fluorescent microscope (magnification 200 x ). (B) Quantification of ROS production. (C, D) The levels of MDA and NO. The results

Hk

were expressed as mean + SD (n=5). P <0.01,

We also examined the effect of propofol or epalrestat on
H,0,-induced caspase-3 activity. As shown in Fig. 1F, H,O,
treatment significantly increased caspase-3 activity compared
with the control. Propofol or epalrestat pretreatment signifi-
cantly decreased this H,O,-induced caspase-3 activation.

2.2.1. Effects of propofol or epalrestat on H,Oz-induced
ROS generation

To investigate whether ROS are involved in H,0,-induced
HUVEC:sS injury, we examined ROS levels in the presence or
absence of propofol or epalrestat. H,O, induced a significant
increase in intracellular ROS levels, which was attenuated in
cells pretreated with propofol or epalrestat (Fig. 2A and 2B).
Propofol or epalrestat alone caused no significant changes in
the ROS level in HUVECsS.

2.2.2. Effects of propofol or epalrestat on H,Oz-induced
the production of MDA and NO

It has been reported that AR is an important component of
antioxidant enzymes involved in the detoxification of reactive
aldehydes generated by lipid peroxidation (Wen et al. 2013),
and MDA is widely used as a marker of lipid peroxidation.
AR and nitric oxide synthase share NADPH as an obligate cofac-
tor. Therefore, we examined the production of MDA and NO in
the presence or absence of propofol or epalrestat. H,O, sig-
nificantly increased the levels of MDA and NO, which were
attenuated in cells pretreated with propofol or epalrestat (Fig. 2C
and 2D). These results indicate that propofol or inhibition of AR
sequesters oxidative stress to protect against H,O,-induced cell
damage. Propofol or epalrestat alone have no evident effects on
MDA and NO.
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P <0.001 vs C group; #P<0.01 vs H group.

2.3. Induction of AR expression in H,0;-treated
HUVECs

When HUVECSs were incubated with 400 uM H,O,, AR expres-
sion increased significantly, reaching a maximum of 5.7-fold
after 12 h (Fig. 3A and3B). Considering the majority of opera-
tion time and anesthesia duration, we chose HUVECSs incubation
with H,O, for 4 h for all experiments.

2.4. Effects of propofol on H,0,-induced AR expression
in HUVECs

H,0; significantly increased AR expression in HUVECs, which
was attenuated by propofol in a dose-dependent manner. Propo-
fol pretreatment (50 wM) significantly decreased AR protein
expression induced by H, O, (Fig. 3C and 3D).

To further examine the role of AR in H,O,-induced cellular
damage, the effects of gene silencing were examined (data not
shown). A pool of siRNA against human AR, but not of control
siRNA, reduced AR protein expression in HUVECs.

2.5. Effects of propofol, epalrestat or AR siRNA on
H;0;-induced p38 MAPK/JNK /Akt phosphorylation in
HUVECs

To determine the mechanisms of propofol’s action, p38 MAPK,
p-p38 MAPK, JNK p-INK, Akt, and p-Akt (serine 473) were
detected using western blotting. The results showed that H,O,
significantly activated p38 MAPK, JNK and Akt signaling
pathways. Pretreatment of cells with propofol or epalrestat atten-
uated the effect of HO, (Fig. 4).

To rule out nonspecific effects of epalrestat, we silenced AR in
HUVECs using AR siRNA to investigate whether the pheno-
typic absence of AR will have similar effects in HUVECs as do
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Fig. 3: Induction of AR expression in HUVECs by H, O, and effects of propofol on H,O»-induced AR protein expression. C, DMSO, and P are plain control, vehicle control, and
propofol control, respectively. (A, B) Cells was incubated with 400 uM H, O, for the indicated times. (C, D) HUVECs were pretreated with propofol for 30 min followed
by H>O; (400 uM) for 4 h. Western blotting was performed to examine AR protein expression. GAPDH expression or 3-actin was also examined for protein loading
control. The results were expressed as mean & SD (n=5). “P<0.05, ™ P <0.001 vs C group; *P <0.05, *#*P <0.001 vs H group.
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Fig. 4: Effects of propofol/epalrestat/AR siRNA on the H,O,-induced phosphorylation of p38 MAPK/JNK/Akt. HUVECs were pretreated with propofol or epalrestat or AR
siRNA for 30 min followed by 400 uM H, O, treatment for 4 h. C, P, epalrestat and AR siRNA are plain control, propofol control, epalrestat control and AR siRNA control,
respectively. (A) Representative western blot of phosphorylated p38 MAPK/INK/Akt. (B,C,D) Densitometric analysis of p-p38 MAPK/p-p INK/p-p Akt, and the bands
are normalized against GAPDH. The results were expressed as mean # SD (n=5). “*P<0.01, “*P<0.001 vs C group; *P <0.05, #P <0.01 *#*P <0.001 vs H group.
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AR inhibitors. As shown in Fig. 4, AR ablation using a siRNA
significantly inhibited p38 MAPK, JNK and Akt signaling path-
ways induced by H,O, in HUVECs, which was similar to AR
inhibition.

3. Discussion

Cultured HUVECs are particularly prone to oxidative damage
and H,O; has been extensively used as an apoptotic inducer in
in vitro models. Propofol has been shown to have anti-oxidative
and antiapoptotic effects (Marik 2005). In this study, after expo-
sure to a high H, O, concentration, HUVECs showed remarkable
cytotoxicity, which is characterized by loss of cell viability, and
an increase in caspase-3 activity and the apoptosis rate. This
cytotoxic effect could be attenuated by propofol pretreatment,
which was consistent with previous reports (Wang et al. 2007,
2009; Gu et al. 2013). In addition, incubation of HUVECs with
H,O; strikingly increased the production of ROS, MDA and NO,
and this increase was significantly suppressed by pretreatment
with propofol. Chen et al. (2010) also reported that propofol
had the ability to scavenge ROS that were induced by H,O,
in endothelial cells. These results indicate that propofol can
protect HUVECs against H,O,-induced injury. In addition, we
found that propofol ameliorated cell injury accompanied by a
down-regulation of AR expression.

Ithas been reported that AR overexpression, even without hyper-
glycemia, is sufficient to perturb the redox balance and induce
cell death. Oxidative stress has been shown to increase glu-
cose flux through the polyol pathway (Ramasamy and Goldberg
2010), and to activate AR in ischemic conditions (Kaiserova
et al. 2006). In turn, AR activation may cause oxidative stress
(Chung et al. 2003). In the present study, AR expression was
activated by H,O, in HUVECs, which was inhibited by propo-
fol in a concentration-dependent manner. To further determine
the role of AR, investigation of AR inhibition’s role in pre-
venting or exacerbating H,O; injury in exposed HUVECsS is
required. Epalrestat, an AR inhibitor, exhibited similar effects
to propofol on apoptosis and oxidative stress; epalrestat atten-
uated HUVEC injury similar to propofol. The observation
that AR inhibition prevents endothelial injury suggests that
AR inhibitor could be useful in preventing endothelial injury.
In agreement with a previous study, they reported that AR
inhibition suppressed lipopolysaccharide (LPS)-induced NO
synthesis in macrophages (Ramana et al. 2007). Ramana et al.
(2004) found that AR inhibition protects vascular endothe-
lial cells against TNF-a-mediated apoptosis. Other studies also
show that AR inhibition or ablation prevents LPS-induced apo-
ptosis in macrophages and human lens epithelial cells (Ramana
et al. 2007; Pladzyk et al. 2006). The mechanisms by which AR
inhibition promotes cell survival remain unclear, but they may
relate to AR-induced changes in the cellular redox state. Inhi-
bition of AR catalysis that consumes NADPH has been thought
to improve the intracellular reducing environment.

However, the roles of AR in oxidative damage are controversial.
Our findings showed that AR inhibition decreased MDA produc-
tion while some studies reported that AR inhibition increased
the lipid peroxidation products and led to increased cell apo-
ptosis (Wen et al. 2013; Kang et al. 2011). AR overexpression
suppressed the increase in intracellular ROS and attenuated
apoptotic cell death induced by ultraviolet B radiation (Kang
etal. 2011). Wen et al. (2013) found that AR inhibition resulted
in redox imbalance and further exacerbated the oxidative stress-
induced damage and apoptosis in the ischemic intestine. AR
was also shown to be an innate protective factor in an intesti-
nal ischemia/reperfusion model. These researchers suggested
that AR up-regulation may represent an adaptive response that
removes toxic aldehydes and contributes to an endogenous and
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complex self-defense mechanism, ensuring an increased cellu-
lar resistance against toxic injury. The disparities between our
findings and these reports may be related to the inconsistent
and uncertain effects of AR inhibitors on different organs or
tissues. These may include differences in organs or tissues and
animal models, and differences in the specificity and selectiv-
ity of AR inhibitors in different tissues or organs. Most likely,
AR is a significant regulator of the cellular redox state and
apoptotic signaling, and its pro-oxidant/pro-apoptotic or antiox-
idant/antiapoptotic effects depend on the metabolic context that
requires AR catalysis.

The regulatory mechanisms of AR expression under oxidative
stress are poorly understood in endothelial cells. Among cell
signaling pathways, MAPKs and Akt are essential for the death
or survival of endothelial cells, respectively (Chavakis and Dim-
meler 2002). A previous study has shown that H,O, activates
p38 proteins in HUVECs, and the mediation of cell death by
ROS may be closely related to MAPK signaling (Chen et al.
2010). MAPKSs and Akt pathways are involved in AR expres-
sion (Kang et al. 2011; Nishinaka and Yabe-Nishimura 2001;
Ramana et al. 2004; Pladzyk et al. 2006; Yadav et al. 2013). Our
results showed that p38 MAPK, JNK and Akt were significantly
activated by oxidative stress in cultured HUVEC, which were
inhibited by epalrestat or AR siRNA.

Propofol inhibition of p38 MAPK, JNK and Akt is similar to
epalrestat and AR siRNA. Moreover, the effect of propofol on
JNK in H,O;-treated HUVECsS has never been investigated. We
observed that activation of p38 MAPK and JNK phosphoryla-
tion was induced by H,O, and suppressed by pretreatment with
propofol. We also found that treatment with H,O, for 4 h sig-
nificantly increased Akt phosphorylation and pretreatment with
propofol dramatically inhibited H,O;-induced Akt phosphory-
lation in HUVEC:s. This effect was not expected and it seems to
contradict the results of other studies (Wang et al. 2007, 2009;
Junetal. 2011). Cell types, extracellular conditions, the changed
cellular redox status and/or timing of Akt measurement may
explain the discrepancy between these results.

Based on the above findings, propofol inhibits up-regulation of
H,0,-induced AR expression. Propofol seems to play a sim-
ilar role to that of epalrestat or AR siRNA in cytoprection of
HUVEC:s. These cytoprotective effects might be in part medi-
ated by AR inhibition or induction. Therefore, AR inhibition
or induction using pharmacological inhibitors or inducers may
represent a novel target for therapeutic intervention. Propo-
fol, a frequently used anesthetic, which has antioxidant and
antiapoptotic effects, may act as the target for AR therapeutic
intervention.

There are several limitations to this study. First, propofol in the
presence or absence of an AR inhibitor was required to enhance
or reverse the protective effect. Second, further studies involving
the use of specific signal pathway inhibitors, the measurement
of AR activity, and AR at mRNA levels that are involved in
various signaling pathways for varying periods are required to
clarify the effects of propofol on endothelial cell injury.

In conclusion, propofol protected HUVECs from H, O,-induced
injury. Propofol’s protective effects on H,O;-induced injury
may involve AR. The mechanism may be mediated via the p38
MAPK, JNK and Akt signaling pathways. These findings sug-
gest that propofol may be a preemptive anesthetic in patients
with cardiovascular disease, and highlight AR as a potential and
promising target for therapeutic interventions.

4. Experimental
4.1. Chemicals

Propofol (purity >97%; Lot number: D126608) was purchased from Sigma
Aldrich (St. Louis, MO, USA). Epalrestat was obtained from Key Organ-
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ics (Camelford, UK). The Cell Counting Kit-8 (CCK-8) was obtained
from Dojindo Laboratories (Kumamoto, Japan), and the bicinchoninic
acid (BCA) protein assay kit was purchased from Beyotime Institute of
Biotechnology (Haimen, China). Rabbit polyclonal antibodies against Akt,
p-Akt, p38MAPK, p-p38MAPK, JNK, p-JNK, B-actin and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) were obtained from Cell Signaling
Technology (Beverly, MA, USA). AR siRNA was purchased from Ribo
Bio (Guangzhou, China). Dimethyl sulfoxide (DMSO) was purchased from
Biosharp (Hefei, China). All other chemicals and reagents used were com-
mercially available and of standard biochemical quality.

4.2. Cell culture and treatment

HUVECs were obtained from human umbilical cord veins by digestion with
0.1% collagenase type II (Sigma). The cells were cultured in Dulbecco’s
modified eagle medium (DMEM, Hyclone, UT, USA) supplemented with
heat-inactivated 15% fetal bovine serum, endothelial cell growth supple-
ment, 100 U/ml penicillin, and 100 pg/ml streptomycin. The cells were
then incubated at 37 °C in 5% CO; and 95% air. HUVECS at passage 2-5
were used for the experiments. Blood vessels were labeled using the anti-von
Willebrand factor antibody. After 1 week of culture, HUVECs were iden-
tified using immunofluorescence staining with anti-von Willebrand factor
antibody (Al-Mohanna et al. 1997).

HUVECs were cultured and divided into several groups depending on the
treatment: Group C without any treatment was used as the control; cells in
group DMSO, P, epalrestat and H were incubated with 0.1% DMSO, 50 uM
propofol, 25 uM epalrestat or 400 uM H,O», respectively, for 4 h; cells in
group AR siRNA were incubated with 50 nM AR siRNA for 48 h. In Group
P1+H, P5+H, P25 +Hand P50 + H, cells were treated with 1, 5, 25, 50 uM
propofol, respectively, for 30 min, and then incubated with 400 uM H,O,
for 4 h. In group AR siRNA+H, cells were treated with 50 nM AR siRNA
and then incubated with 400 uM H,O, for 4 h. Propofol was prepared in
0.1% DMSO and diluted with a culture medium immediately before the
experiment.

4.3. Cell viability assay

Cell viability was tested using CCK-8, according to the manufacturer’s
instructions. Briefly, 2 x 103 cells/well were seeded in a 96-well flat-
bottomed plate and treated with different conditions at 37 °C. After 24 h,
10 L WST-8 dye was added into each well and the cells were incubated at
37°C for 1 h, followed by measurement of optical density at 450 nm using
a microplate absorbance reader (Bio-Tek, EIx800, USA). Cells stained pos-
itively with the CCK-8 solution were considered viable and are presented
as a percentage compared with the control cells.

4.4. Annexin V-fluorescein isothiocyanate/propidium iodide
(AV-FITC/PI) double- staining assay

HUVECs treated with propofol and/or H,O, were collected via trypsin
digestion, washed with cold phosphate-buffered solution (PBS), and resus-
pended in Annexin V binding buffer. AV-FITC (Becton Dickinson (BD)
Biosciences, USA) at a final concentration of 1 wg/mL and 250 ng of PI
was added to a mixture containing 100 wL each of cell resuspension and
binding buffer (BD Biosciences). The mixture was incubated in the dark
for 15min at room temperature. Cells were washed once with binding
buffer and resuspended in 400 p.L of binding buffer prior to flow cytometric
analysis using a BD FACScan Flow Cytometer (BD, Mountain View, CA,
USA). AV-FITC-negative/PI-negative cells were considered to be healthy
cells. Annexin V-FITC-positive/PI-negative cells were mainly early apop-
totic cells. Annexin V-FITC-positive/PI-positive population represented late
apoptotic or necrotic cells.

4.5. Caspase-3 activity assay

HUVECs were lysed and caspase-3 activity was measured in the cell
lysate using the colorimetric CaspACE™ Assay System. The colorimet-
ric, caspase-3 specific substrate N-acetyl-Asp-Glu-Val-Asp-p-nitroaniline
that was provided within the assay system is labeled with the chromophore
p-nitroaniline (pNA). Free pNA produces a yellow color that is monitored
using a spectrophotometer at 405 nm. The amount of yellow color pro-
duced upon cleavage is proportional to the amount of DEVDase (caspase-3)
activity present in the sample.

4.6. ROS measurement

Intracellular ROS were measured fluorometrically with the DCFH-DA
probe. After the indicated treatments, the cells were washed with PBS
and incubated with 10 wmol/L DCFH-DA at 37 °C for 30 min. and excess
DCFH-DA was removed. Subsequently, the cells were washed three times
using PBS and fluorescence was measured using a fluorescence plate reader
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at excitation (485 nm) and emission (538 nm) wavelengths. Relative ROS
production is expressed as a change in fluorescence.

4.7. Measurement of MDA and NO

The levels of malondialdehyde (MDA) and nitric oxide (NO) in the super-
natants of cultured HUVECs were measured by spectrophotometry using
kits from Jiancheng Bioengineering Institute (Nanjing, China) according to
the manufacturer’s recommendations.

4.8. Gene silencing with small interfering RNA

Small interfering RNAs (siRNAs) were designed to target the human aldose
reductase coding sequence. The nucleotide RNAs were designed and then
chemically synthesized, purified, and annealed (5'-AAC GCA TTG CTG
AGA ACT TTA-3') by Ribo Bio, China. Control, nonsilencing siRNA was
also obtained from Ribo Bio. HUVECs were grown in DMEM that contained
15% FBS and 1% penicillin and streptomycin at 37 °C and 5% CO, and
seeded on 6-well plates or 96-well plates. When the cells reached 70-80%
confluence, the medium was replaced with fresh DMEM without serum,
and the cells were transfected with 50 nmol/L control siRNA or siRNA
designed against nucleotides of the human AR mRNA sequence, and the
RNAiFect transfection reagent (lipo 2000) as per the supplier’s instructions.
After incubation for 15 min at 25 °C, the medium was aspirated and replaced
with fresh DMEM that contained 10% serum added drop-wise to the cells.
The cells were cultured for 48h at 37°C and 5% CO;, and changes in
aldose reductase were determined by measuring aldose reductase protein on
western blots using anti-aldose reductase antibodies.

4.9. Western blotting

Cells in a 6-well plate were washed with PBS and lysed using lysis
buffer containing phenylmethanesulfonyl fluoride (PMSF) at 4 °C for 5 min.
Then the lysates were collected and centrifuged at 14,000 rpm and 4 °C
for 15min, and the supernatant was collected for protein analysis using
an enhanced BCA protein assay kit. The whole protein samples were
boiled for 15min in 5 x loading buffer and separated using 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Samples
(50 pg/lane) were loaded on 10% SDS-PAGE, and proteins were transferred
to polyvinylidene fluoride (PVDF) membranes at a current of 300 mA for
90 min. The membranes were incubated in Tris-buffered saline (TBS) con-
taining 0.1% Tween-20 and 5% dry milk, and then incubated overnight with
anti-GAPDH, AR, p38MAPK, p-p38MAPK, JNK, p-JNK, Akt or p-Akt
antibody. After 2h of incubation with anti-rabbit horse-radish peroxidase
(HRP)-conjugated secondary antibodies, the protein bands were detected
using an enhanced chemiluminescence (ECL) kit. The immune complexes
were visualized via fluorography using an enhanced ECL system (Millipore,
USA).

4.10. Statistical analysis

Results were analyzed using GraphPad Prism 5.0 (GraphPad Software Inc.,
San Diego, CA). The data are expressed as the mean =+ standard deviation
(SD), and statistical analyses were performed using a one-way analysis of
variance (ANOVA). P <0.05 was considered significant.

Acknowledgements: This work was partly supported by the National Nat-
ural Science Foundation of China (No. 81270429) and by Huaian Science
and Technology Bureau Project (No. HAS05021).

References

Al-Mohanna F, Collison K, Parhar R, Kwaasi A, Meyer B, Saleh S, Allen
S, Al-Sedairy S, Stern D, Yacoub M (1997) Activation of naive xeno-
geneic but not allogeneic endothelial cells by human naive neutrophils: a
potential occult barrier to xenotransplantation. Am J Pathol 151: 111-120.

Ansley DM, Sun JH, Visser WA, Dolman J, Godin DV, Garnett ME, Qayumi
AK (1999) High dose propofol enhances red cell antioxidant capacity
during CPB in humans. Can J Anesth 46: 641-648.

Cai H (2005) Hydrogen peroxide regulation of endothelial function: origins,
mechanisms, and consequences. Cardiovasc Res 68: 26-36.

Chavakis E, Dimmeler S (2002) Regulation of endothelial cell survival
and apoptosis during angiogenesis. Arterioscl Throm Vascul Biol 22:
887-893.

Chen J, Chen W, Zhu M, Zhu Y, Yin H, Tan Z (2011) Propofol attenuates
angiotensin II-induced apoptosis in human coronary artery endothelial
cells. BrJ Anaesth 107: 525-532.

Pharmazie 70 (2015)


http://www.ingentaconnect.com/content/external-references?article=0002-9440()151L.111[aid=10505718]

ORIGINAL ARTICLES

Chen J, Gu 'Y, Shao Z, Luo J, Tan Z (2010) Propofol protects against hydro-
gen peroxide-induced oxidative stress and cell dysfunction in human
umbilical vein endothelial cells. Mol Cell Biochem 339: 43-54.

Chung SS, Ho EC, Lam KS, Chung SK (2003) Contribution of polyol
pathway to diabetes-induced oxidative stress. J Am Soc Nephrol 14:
$233-236.

Gu J, Chi M, Sun X, Wang G, Li M, Liu L, Li X (2013) Propofol-induced
protection of SH-SYSY cells against hydrogen peroxide is associated with
the HO-1 via the ERK pathway. Int J Med Sci 10: 599-606.

Jun JH, Cho JE, Shim YH, Shim JK, Kwak YL (2011) Effects of propofol
on the expression of matric metalloproteinases in rat cardiac fibroblasts
after hypoxia and reoxygenation. Br J Anaesth 106: 650-658.

Kaiserova K, Srivastava S, Hoetker JD, Awe SO, Tang XL, Cai J, Bhatnagar
A (2006) Redox activation of aldose reductase in the ischemic heart. J
Biol Chem 281: 15110-15120.

Kang ES, Iwata K, Tkami K, Ham SA, Kim HJ, Chang KC, Lee JH, Kim JH,
Park SB, Kim JH, Yabe-Nishimura C, Seo HG (2011) Aldose reductase
in keratinocytes attenuates cellular apoptosis and senescence induced by
UV radiation. Free Radic Biol Med 50: 680-688.

Liang C, Xue Z, Wang H, Li P (2011) Propofol Upregulates Heme
Oxygenase-1 Through Activation of ERKs in Human Umbilical Vein
Endothelial Cells Under Oxidative Stress Conditions. J Neurosurg Anes-
thesiol 23: 229-235.

Marik PE (2005) Propofol: an immunomodulating agent. Pharmacotherapy
25: 28S-33S.

McDermott BJ, McWilliams S, Smyth K, Kelso EJ, Spiers JP, Zhao Y, Bell D,
Mirakhur RK (2007) Protection of cardiomyocyte function by propofol
during simulated ischemia is associated with a direct action to reduce
pro-oxidant activity. J Mol Cell Cardiol 42: 600—608.

McMurray T, Johnston J, Milligan K, Grant I, Mackenzie S, Servin F, Janvier
G, Glen J (2004) Propofol sedation using DiprifusorTM target-controlled
infusion in adult intensive care unit patients. Anaesthesia 59: 636-641.

Murphy P, Myers D, Davies M, Webster N, Jones J (1992) The antiox-
idant potential of propofol (2, 6-diisopropylphenol). Br J Anaesth 68:
613-618.

Nishinaka T, Yabe-Nishimura C (2001) EGF receptor-ERK pathway is
the major signaling pathway that mediates upregulation of aldose

Pharmazie 70 (2015)

reductase expression under oxidative stress. Free Rad Biol Med 31:
205-216.

Pladzyk A, Reddy ABM, Yadav UCS, Tammali R, Ramana KV, Srivastava
SK (2006) Inhibition of aldose reductase prevents lipopolysaccharide-
induced inflammatory response in human lens epithelial cells. Invest
Ophthalmo Vis Sci 47: 5395-5403.

Ramana KV, Bhatnagar A, Srivastava SK (2004) Aldose reductase regulates
TNF-alpha-induced cell signaling and apoptosis in vascular endothelial
cells. FEBS Lett 570: 189-194.

Ramana KV, Dixit BL, Srivastava S, Balendiran GK, Srivastava SK, Bhatna-
gar A (2000) Selective recognition of glutathiolated aldehydes by aldose
reductase. Biochemistry 39: 12172-12180.

Ramana KV, Reddy ABM, Tammali R, Srivastava SK (2007) Aldose
reductase mediates endotoxin-induced production of nitric oxide and
cytotoxicity in murine macrophages. Free Rad Biol Med 42: 1290-1302.

Ramasamy R, Goldberg 1J (2010) Aldose Reductase and Cardiovascular
Diseases, Creating Human-Like Diabetic Complications in an Experi-
mental Model. Circ Res 106: 1449-1458.

Ryter SW, Kim HP, Hoetzel A, Park JW, Nakahira K, Wang X, Choi AM
(2007) Mechanisms of cell death in oxidative stress. Antioxid Redox
Signal 9: 49-89.

Wang B, Luo T, Chen D, Ansley DM (2007) Propofol reduces apoptosis
and up-regulates endothelial nitric oxide synthase protein expression in
hydrogen peroxide-stimulated human umbilical vein endothelial cells.
Anesth Analg 105: 1027-1033.

Wang B, Shravah J, Luo H, Raedschelders K, Chen DDY, Ansley DM (2009)
Propofol protects against hydrogen peroxide-induced injury in cardiac
HOc2 cells via Akt activation and Bcl-2 up-regulation. Biochem Biophys
Res Commun 389: 105-111.

Wen SH, Ling YH, Li Y, Li C, Liu JX, Li YS, Yao X, Xia ZQ, Liu
KX (2013) Ischemic postconditioning during reperfusion attenuates
oxidative stress and intestinal mucosal apoptosis induced by intestinal
ischemia/reperfusion via aldose reductase. Surgery 153: 555-564.

Yadav UC, Naura AS, Aguilera-Aguirre L, Boldogh I, Boulares HA, Cal-
houn WJ, Ramana KV, Srivastava SK (2013) Aldose reductase inhibition
prevents allergic airway remodeling through PI3K/AKT/GSK3beta path-
way in mice. PLoS One 8: e57442.

109


http://www.ingentaconnect.com/content/external-references?article=0891-5849()31L.205[aid=10505728]
http://www.ingentaconnect.com/content/external-references?article=0891-5849()31L.205[aid=10505728]
http://www.ingentaconnect.com/content/external-references?article=0006-2960()39L.12172[aid=10505725]
http://www.ingentaconnect.com/content/external-references?article=0007-0912()68L.613[aid=10505729]
http://www.ingentaconnect.com/content/external-references?article=0007-0912()68L.613[aid=10505729]
http://www.ingentaconnect.com/content/external-references?article=0003-2409()59L.636[aid=10505730]

	Propofol attenuation of hydrogen peroxide-induced injury in human umbilical vein endothelial cells involves aldose reductase
	Introduction
	Investigations and results
	Effects of propofol or epalrestat on H2O2-induced cytotoxicity in HUVECs
	Effects of propofol or epalrestat on H2O2-induced apoptosis in HUVECs
	Effects of propofol or epalrestat on H2O2-induced ROS generation
	Effects of propofol or epalrestat on H2O2-induced the production of MDA and NO

	Induction of AR expression in H2O2-treated HUVECs
	Effects of propofol on H2O2-induced AR expression in HUVECs
	Effects of propofol, epalrestat or AR siRNA on H2O2-induced p38 MAPK/JNK /Akt phosphorylation in HUVECs

	Discussion
	Experimental
	Chemicals
	Cell culture and treatment
	Cell viability assay
	Annexin V-fluorescein isothiocyanate/propidium iodide (AV-FITC/PI) double- staining assay
	Caspase-3 activity assay
	ROS measurement
	Measurement of MDA and NO
	Gene silencing with small interfering RNA
	Western blotting
	Statistical analysis

	Acknowledgements
	References


