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Abstract: Objective: To investigate the effects of dexmedetomidine (Dex) or propofol on
oxidative stress and the activation of endoplasmic reticulum stress (ERS) in renal cells under
hypoxia/reoxygenation (H/R) conditions. Methods: Human tubular epithelial cells (HK-2) were
selected and divided into Control group, hypoxia 24h and reoxygenation24 (H24R4) group, Dex
group and Propofol group. Cell growth was detected by CCK-8 assay kit, malondialdehyde
(MDA) and superoxidase dismutase (SOD) were detected by kits, and the expressions of
ERS-related key genes such as ER chaperone BiP (GRP78) and C/EBP homologous protein
(CHOP) were detected by qPCR. Results: Compared with the Control group, the cell growth
and SOD activity of HK-2 cells in H24R4 group were significantly decreased, while MDA
content and the expressions of GRP78 and CHOP in these cells were significantly increased
(P<0.05). Pretreatment with Dex or propofol could significantly improve the cell growth and
SOD activity of H24R4-treated cells, and reduce intracellular MDA content and GRP78
expression (P<0.05). Dex also obviously alleviated CHOP expression in H24R4-treated cells
(P<0.05). Conclusion:s Dex or propofol pretreatment could reduce oxidative stress and
attenuates ERS activation in H24R4-treated cells. Dex had a stronger inhibitory effect on the
activation of ERS-related apoptosis way compared with propofol.
Keywords: Dexmedetomidine, Propofol, Hypoxia/Reoxygenation, Oxidative Stress,
Endoplasmic Reticulum Stress

INTRODUCTION
Acute kidney injury (AKI) is a common clinical
complication characterized by acute renal
dysfunction. Renal ischemia/reperfusion (I/R) injury
is a major cause of AKI[1]. Renal tubular epithelial
cells are sensitive to ischemia and hypoxia, which
may be triggered by renal hypo-perfusion in many
clinical settings, such as renal or heart surgery and so
on[2] [3]. Previous studies have reported that the
main death modes of renal tubular epithelial cells
during ischemia and hypoxia are apoptosis and
necrosis[4]. In particular, ischemia can notably
induce apoptosis in the early stage. Therefore,
clarifying the mechanism of renal cells apoptosis
induced by ischemia and hypoxia is vital for the
prevention and treatment of AKI.
The mitochondrial pathway and the death receptor
pathway are two classical apoptosis pathways.
Beside, studies also found that endoplasmic
reticulum stress (ERS)-related apoptosis, as a
noncanonical apoptosis pathway, is involved in the
pathogenesis of glomerulonephritis, acute and
chronic kidney disease, and some other renal

diseases[5]. Our previous study also confirmed that
ERS over-activation is an important cause of cell
death and tissue injury in renal I/R injury, however,
no clinical medication have been found to effectively
regulate ERS activation[6].
Dexmedetomidine (Dex) is a highly selective α‐2
adrenoceptor agonist usually used as a sedative in
clinical anesthesia[7]. In addition, Dex protects
against organ I/R injury in the heart, brain, and
kidney through antioxidant, anti-inflammatory, or
anti-apoptotic effects[8]. Researchers further focused
on examining several crucial ERS-related proteins
and apoptosis indicators in some kinds of cells, such
as cardiomyocytes and endothelial cells, and found
that Dex interfered in the ERS signaling pathway
under I/R or hypoxia/reoxygenation (H/R)
conditions[9]. However, few studies have explored
the effect of Dex in human tubular epithelial cell
(HK-2) under H/R condition. propofol, a commonly
used intravenous anesthetic, has also been reported
to have anti-apoptotic, antioxidant and
anti-inflammatory properties, and could alleviate I/R
injury in organs. Su, M., et al have reported propofol
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could downregulate the expression of CHOP and
caspase-12, two ERS-related proteins, in renal tissue
under I/R condition[10]. However, the exact
regulatory effect of propofol on ERS remains
unknown.
Propofol and Dex are the most commonly used
sedative drugs for patients with the highest incidence
of AKI, such as renal surgeries or ICU monitoring.
The impact of drugs selection in clinical settings
with high AKI risk remains an open question. The
aim of this study was to investigate the effects of
Dex or propofol on renal cells under H/R condition
excluding humoral and neural factors, and to explore
the relationship between these effects and ERS
activation.

MATERIALS AND METHODS
Materials
HK-2 cells were obtained from China Center for
Type Culture Collection. Fetal bovine serum (FBS)
and trypsin were purchased from Gibco. Cell
Counting Kit-8 (CCK8) assay kit was purchased
from Dojindo (Tokyo, Japan). Malondialdehyde
(MDA) and superoxidase dismutase (SOD) were
purchased from Nanjing jiancheng Bioengingeering
institute. Trizol reagent were purchased from
Invitrogen. The ReverTra Ace qPCR RT Master Mix
and SYBR® Green Realtime PCR Master Mix were
purchased from TOYOBO. Dex was provided by
Jiangsu Hengrui Medicine Co., Ltd.(Jiangsu, China).
propofol was purchased from Sigma-Aldrich.
Cell Culture and Treatment
The HK-2 cells were cultured in DMEM with 10%
FBS and grown at 37°C in a humidified atmosphere
of 5% CO2 in air. We used H/R model to mimic I/R
injury. 70-80% confluent cells were cultured with

low-glucose and serum-deprived DMEM under
low-oxygen (95% N2+5%CO2) condition in a
humidified hypoxia chamber for 24h (Galaxy 48R,
Eppendorf, Hamburg, Germany), and then
transferred back to normal-oxygen condition (95%
air+5%CO2) for 4 h (H24R4). Cells in the Control
groups were incubated in normal-oxygen conditions
for 28 h. Cells treated with Dex were incubated in
DMEM with 1nM Dex for 1h before H/R stimulation.
Cells treated with propofol were incubated in
DMEM with 15μM propofol for 1h before H/R
stimulation.
CCK8 assay
HK-2 cells were transplanted into 96-well plates at a
density of 5000 cells per well. At the end of each
stimulation, CCK-8 assay kit was used to test the cell
growth using a microplate reader, according to the
manufacturer's introduction.
Assessments of intracellular MDA and SOD
After each treatment, the cells were rinsed twice with
PBS. Scrape off cells with a cell scratch carefully
and the supernatant was removed after centrifugation
(3000rpm, 10 min). The intracellular MDA and SOD
levels were determined with the relevant kits
according to the manufacture’s introduction.
Quantitative Real-Time PCR (qRCR)
Total RNA extracted from HK-2 cells were isolated
using Trizol reagent. Using NanoDrop-1000
spectrophotometer to detect the quality and
concentration of RNA. ReverTra Ace qPCR RT
Master Mix was used to perform Reverse
transcription. Quantitative analysis of GRP78
mRNA and CHOP mRNA were conducted with
qRCR using SYBR® Green Realtime PCR Master
Mix with Roche LightCycler 1.1. GAPDH was used
as the housekeeping gene.

Table 1 Primer sequences of genes.
Gene Forward Reverse
GRP78 CCGAGGAGGAGGACAAGAAGGAG ACACGCCGACGCAGGAGTAG

CHOP CTGCTTCTCTGGCTTGGCTGAC CTCCCTTGGTCTTCCTCCTCTTCC

GAPDH GTCATCCCTGAGCTGAACGG CCACCTGGTGCTCAGTGTAG

Statistical Analysis
Statistical analysis was performed using SPSS 13.0
(SPSS Inc., Chicago, IL) software. Multiple
comparisons among different groups were analyzed
using one-way ANOVAs followed by Tukey post
hoc comparisons. Quantitative data are presented as
mean±SD. p< 0.05 was considered as statistically
significant different.

RESULTS

Effects of Dex or propofol on HK-2 cells growth
under H24R4 condition
The result in Fig. 1 showed that H24R4 treatment
significantly reduced HK-2 cells growth. However,
Dex or propofol pretreatment significantly alleviated
the inhibitory effect of H24R4 on HK-2 cell growth
(p<0.05), and there was no significant difference
between Dex and propofol
Effects of Dex or propofol on oxidative stress in
HK-2 cells under H24R4 condition
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H24R4-induced oxidative stress can lead to HK-2
cells death, so the we evaluated the relevant
indicators of oxidative stress, including MDA and
SOD. As shown in Fig. 2A-B, compared with
Control group, H24R4 treatment significantly

increased the content of MDA and decrease the
activity of SOD in HK-2 cells (p<0.05). While Dex
and propofol markedly ameliorated the increase of
MDA content and improved SOD activity in
H24R4-treated HK-2 cells (p<0.05).
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Fig. 1. Effects of dexmedetomidine (Dex) or propofol on HK-2 cells growth under 24h hypoxia and 4h
reoxygenation (H24R4) condition. HK-2 cells growth in different groups. Data are presented as the mean ± SD
(n=5). *p<0.05 vs Control; #p<0.05 vs H24R4 group.
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Fig. 2. Effects of dexmedetomidine (Dex) or propofol on oxidative stress in HK-2 cells under 24h hypoxia and
4h reoxygenation (H24R4) condition. A Content of malordiaolehyde (MDA). B Activity of superoxide
dismutase (SOD). Data are presented as the mean ± SD (n=5).*p<0.05 vs Control; #p<0.05 vs H24R4 group.

Dex or propofol inhibited the expressions of
ERS-related genes in HK-2 cells under H24R4
condition
The expressions of GRP78 and CHOP were analyzed
by qPCR. The results showed that H24R4 treatment
significantly increased the expressions of GRP78
and CHOP in HK-2 cells (p<0.01). However, Dex

alleviated the increases of GRP78 and CHOP
expressions in HK-2 cells induced by H24R4
(p<0.05). Although, propofol could relieve the
increased GRP78 expression in HK-2 cells induced
by H24R4 (p<0.05), there was no significant
difference in CHOP expression between propofol
pretreatment and H24R4 treatment HK-2 cells.
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Fig. 3. Effects of dexmedetomidine (Dex) or propofol on the expressions of ERS-related genes in HK-2 cells
under 24h hypoxia and 4h reoxygenation (H24R4) condition. A The level of GRP78 mRNA expression. B The
level of CHOP mRNA expression. Data are presented as the mean ± SD (n=5). *p<0.05 vs Control; #p < 0.05
vs H24R4 group.
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DISCUSSION
I/R-induced AKI may occur in many clinical settings,
such as major renal surgery or cardiovascular surgery,
which may be caused by transient insufficiency of blood
flow in the kidney[3]. Renal tubular epithelial cells are
sensitive to ischemia and hypoxia, which may lead to
cell death. The main forms of cell death are discrepant in
different stages of ischemia and hypoxia. Transient renal
ischemia leads to apoptosis, while long-term persistent
renal ischemia leads to cell necrosis[11]. Therefore,
relieving apoptosis during renal I/R injury may be an
effective treatment for AKI.
As a selective alpha2-adrenoceptor agonist, Dex
possesses sedative, antalgic, anxiolytic and
sympatholytic properties, so it is widely used in clinical
anesthesia[12].
Previous studies have demonstrated that Dex could
alleviate cells apoptosis and exhibits protective effects
against I/R injury in the heart, liver, and kidney[13]. Of
particular importance, several clinical studies have
shown that Dex has a protective effect on perioperative
AKI[14, 15]. Experimental studies also reported that
Dex significantly reduced renal oxidative stress and cell
apoptosis during early stage of LPS-induced AKI [16].
Nevertheless, the exact role of Dex in renal tubular
epithelial cells apoptosis under hypoxia and
reoxygenation conditions has not been fully elucidated.
Propofol, as a commonly used intravenous anesthetic in
clinical anesthesia, has many other functions, such as
anti-inflammation, anti-oxidation and anti-apoptosis[10].
It also can reduce I/R injury of brain, liver and kidney,
but its effects on apoptosis of renal cells during hypoxia
and reoxygenation conditions is not well understood.
Oxidative stress is considered to be one of the important
contributors to the pathogenesis of AKI, especially in
I/R-induced AKI. MDA is the final product of lipid
peroxidation and an effective biomarker for monitoring
and measuring oxidative stress. SOD as an antioxidant
enzyme involved in the defense mechanism of reducing
oxidative stress. They are often used to assess oxidative
stress[17]. According to the results of current study,
H24R4 treatment could significantly increase MDA
content and inhibit SOD activity of HK-2 cells, however,
Dex or propofol significantly lowered the content of
MDA while restoring the activity of SOD. Meanwhile,
Dex or propofol improved the growth of H24R4-treated
cells, which may be related to the antioxidant effects of
these two drugs.
Our previous studies have found that activation of
ERS-related apoptotic pathways induced by oxidative
stress is an important cause of renal cell death and renal
tissue injury during renal I/R. However, no effective
inhibitors of ERS have been found in clinical practice.
There's growing evidence that some anesthetic drugs can
alleviate oxidative stress and inflammation, and play
protective roles in oxidative stress-related pathological
processes. Therefore, we selected Dex and propofol, two
commonly used anesthetics with antioxidant properties,

to observe their effects on the activation of
ERS-related apoptotic pathway in renal cells
under H24R4 condition. We examined the
expressions of genes involved in ERS
activation, including GRP78 and CHOP. We
found that the expressions of GRP78 and
CHOP were significantly increased in
H24R4-treated HK-2 cells. Propofol
pretreatment could significantly inhibited
GRP78 expression in HK-2 cells under
H24R4 condition, but it has no obviously
inhibitory effect on CHOP expression.
However, Dex pretreatment could not only
inhibit GRP78 expression, but also
effectively reduce CHOP expression in
H24R4-treated cells. CHOP, as a
pro-apoptotic transcription factor, plays a
crucial role in ERS response, it is the most
distinctive regulator in the transition from
ERS to apoptosis[18]. So based on the
evidence above, we believed that Dex had a
stronger inhibitory effect on ERS-related
apoptosis in H24R4-treated cells compared
with propofol.
In conclusion, pretreatment with Dex or
propofol could lead to lower levels of
oxidative stress in H24R4-treated cells.
Although both Dex and propofol could inhibit
ERS activation, Dex had a stronger inhibitory
effect on the activation of ERS-related
apoptosis way compared with propofol.
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