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Abstract 
Objective: Ischemic heart disease is a leading cause of death worldwide. Moreover, there 

is no effective therapy for preventing myocardial ischemia-reperfusion (I/R) injury. 

Propofol is widely used in anesthetic and has been shown to control inflammatory 

response, however, the role of propofol on cardiomyocyte H9c2 under hypoxia remains to 

be established. Method: To speculate the effect of propofol on H9c2 cells survival under 

hypoxia, we used new analysis tool iCELLigence system in real time and typical WST-1 

assay as approaches. Results and conclusion: Results showed that propofol reversed 

hypoxia-induced cardiomyocyte H9c2 cells death/ growth inhibition and decreased cell 

viability. 

1. Introduction 

Propofol (2, 6-diisopropylphenol) is widely used for induction and maintenance of 

anesthesia and for sedation in the intensive care unit [1]. The functions of propofol include 

anti-inflammatory, decreasing production of proinflammatory cytokines, altering 

expression of nitric oxide, inhibiting neutrophil function, and antioxidant properties [1, 2]. 

Lin et al. suggested that propofol can protect against myocardial ischemia-reperfusion 

injury in both normal and type 2 diabetic rats, possibly by attenuating endothelial cell 

injury and inhibiting the apoptosis of cardiomyocytes [3]. Moreover, propofol abrogates 

LPS-induced TNF-α production and alleviates cardiac depression through ERK1/2 or p38 

MAPK signal pathway [4]. It also has been reported that propofol ameliorates 

doxorubicin-induced oxidative stress and cellular apoptosis in rat isolated cardiomyocytes 

[5]. Taken together, propofol may serve as an adjuvant agent to protect cardiomyocyte 

damage under ischemia-reperfusion [6]. However, the methodology in detection of cell 

growth, cell proliferation, and cell apoptosis is time end point but not dynamic. Therefore, 

new analysis tools, called the iCELLigence System is a microelectronic biosensor system 

for cell-based assays, providing dynamic, real-time, label-free cellular analysis for a 

variety of research applications in drug development, toxicology, cancer, medical 

microbiology, and virology. According to previous study, the iCELLigence System has 

been reported to monitor endometrial cancer cell proliferation and survival by measuring 

cell-to-electrode responses of the cells seeded in eight-well E-plates with the integrated 

microelectronic sensor arrays [7]. However, the effect of propofol on cardiomyocyte under 

hypoxia analyzed by iCELLigence System using is uncertain. Therefore, we used new 

analysis tool iCELLigence system in real time and typical WST-1 assay as approaches to 

speculate the effect of propofol on H9c2 cells survival under hypoxia.
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2. Material and Methods 

2.1. Cell Lines and Cell Culture 

The embryonic rat heart derived H9c2 cells were 

cultured in cultured at 37°C in T-25 flasks (Corning 

Glassworks, Corning, N. Y., USA) in DMEM (Gibco, New 

York, N. Y., USA) supplemented with 10% fetal bovine 

serum and penicillin-streptomycin (50 U/ml, Sigma, St. 

Louis, Mo., USA) in a 5% CO2 /95% air atmosphere. The 

culture medium was replaced every alternate day. Once the 

cells reached 70–80% confluence, they were trypsinized 

and seeded on 6- or 24-well plastic dishes for the following 

experiments. 

2.2. Dunamic Monitoring of Cell Growth Using 

iCELLigence System 

The indicated number of cells was measured by 

iCELLigence System according to the manufacturer’s 

instructions (ACEA Biosciences Inc, CA, U.S.A.). Briefly, 

cells were seeding into 480 µl of media in E-Plate L8 devices. 

The cell numbers were monitored every 15 minutes for 

indicated time points, depending on the experiments. The cell 

Index at each time point is defined as (Rn-Rb)/4.6, where Rn 

is the cell-electrode impedance of the well when it contains 

cells and Rb is the background impendence of the well with 

the media alone. 

 

2.3. Cell Viability Assay 

Cell viability was measured using WST-1 assay. Cells were 

seeded at a density of 5 x 104 cells/ml in 24-well plates and 

cultured in phenol red-free DMEM containing 0.5% 

heat-inactivated FBS for 24 h. After incubation, cells were 

incubated with indicated concentrations of propofol for 24 h. The 

WST-1 reagent was then added into the medium and incubated at 

37°C for 2 h. The absorbance was measured at 450 nm in a 

microplate reader (Thermo Labsystems, Waltham, MA, USA). 

2.4. Statistical Analysis 

All experiments were performed at least three times, and 

the results are expressed as means 6 SEM. The statistical 

analyses were based on Student t test or the Mann–Whitney 

U test, and all calculations were performed with SigmaPlot 

(Systat Software, San Jose, CA). A p value, 0.05 was 

considered statistically significant. 

3. Results 

3.1. Effect of Propofol on Cardiomyocyte 

Under Hypoxia by iCELLigence System 

To study the effect of propofol on cardiomyocyte under 

hypoxia, we used the iCELLigence System to monitor H9c2 cell 

growth in real time. Results showed that propofol attenuated 

hypoxia-caused growth inhibition or cell death (Fig. 1.). 

 

Fig. 1. Dynamic monitoring the effect propofol on H9c2 cell growth under hypoxia. All data are presented as the mean ± S. E. M. ** p ＜0.01 as compared with 

the control group (0 µM propofol, cell under hypoxia in the absence of propofol treatment). 
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3.2. Effect of Propofol on Cardiomyocyte 

Under Hypoxia by WST-1 Assay 

To further confirm this phenomena, we also used the WST-1 

assay to detect the cell viability under hypoxia in the absence 

or in the presence propofol. We observed that propofol 

protected hypoxia-induced cell death in a dose-dependent 

manner (Fig. 2.). These results suggested that propofol have 

an anti-cell death effect caused by hypoxia in cardiomyocyte. 

 

Fig. 2. Propofol reversed hypoxia-suppressed cell viability in a 

dose-dependent manner. N: normoxia. H: hypoxia. All data are presented as 

the mean ± SEM. n=3. **p < 0.01 compared to the control. #p < 0.05 

compared to the corresponding data (cell under hypoxia in the absence of 

propofol treatment). 

4. Discussion 

Propofol is widely used for patients with coronary artery 

disease are prior to cause myocardial ischemia, which is an 

important factor leading to vital ventricular arrhythmias. 

Moreover, Liu et al. reported that propofol preconditioning 

suppresses ischemia-induced ventricular arrhythmias in the rat 

heart, which are proposed to be caused by mitochondrial 

KATP channels [8]. Similar results were shown in previous 

study, Xu et al. reported that propofol attenuates 

hyperglycemia-induced cardiac hypertrophy and dysfunction 

via heme oxygenase-1/signal transducer and activator of 

transcription 3 signaling pathway in streptozotocin-induced 

type 1 diabetes rats [9]. Sun et al. also suggested that propofol 

protected doxorubicin-induced toxicity in rat cardiomyocytes 

via PI3K-Akt-Bad signaling pathway and associated with 

ROS production [10]. Moreover, it is also have been reported 

that propofol protects the immature rabbit heart against 

ischemia and reperfusion injury. Shirakawa et al. reported that 

the efficacy of propofol at 2 µg/mL was similar effect of 

cyclosporine A on cardiomyocyte protection. They also 

concluded that propofol at a clinical concentration is 

cardioprotective in the immature heart [11]. Tang et al. 

suggested that propofol significantly improved myocardial 

depression and increased survival rate of mice after 

lipopolysaccharide (LPS) treatment and are associated with 

reduced myocardial TNF-α production, gp91phox, ERK1/2, 

and p38 MAPK [4]. In our knowledge, the progress in 

therapeutic drugs and devices to treat heart failure (HF) 

caused by ischemia during the last few years, the clinical 

outcome of this disease remains deleterious. Impaired left 

ventricular function leads to the imbalance of the redox 

homeostasis toward increased concentrations of reactive 

oxygen species (ROS) and causes inflammatory processes 

within the vasculature in heart failure [12]. Interestingly, it is 

well known that neutrophils play an importantly role in acute 

and chronic inflammatory processes, including myocardial 

ischemia/reperfusion injury [13]. Furthermore, Yang et al. also 

reported that propofol significantly reduced superoxide 

generation, elastase release, and chemotaxis in human 

neutrophils activated by fMLF [13]. Therefore, we hypotheses 

propofol may have therapeutic or preventive potential to 

attenuate hypoxia or ischemia causes cardiomyocyte cell 

death via neutrophils-ROS-inflammatory cascade, however, 

we need more evidences to prove it. 

Interestingly, the whole plant methanolic extract of 

Enicostemma littorale protect to ROS cause Islets of 

Langerhans to apoptosis [14]. Moreover, Kuo et al. reported 

that induction of apoptosis in HSC-T6 by oridonin, which is a 

diterpenoid extracted from Rabdosia rubescens is associated 

with a decrease in cellular GSH level and increase in ROS 

production [15]. Oridonin has also been reported that has the 

potential to be developed as an anticancer agent, and the 

combination of oridonin with those agents leading to 

reduction of caspase-9 expression in the human laryngeal 

cancer HEp-2 cells could represent a novel approach to human 

laryngeal cancer treatment [16]. Similar results were shown 

tht β-Elemene is a natural anticancer compound extracted 

from the Chinese medicinal herb Curcuma Wenyujin. 

β-elemene is proapoptotic effective in rheumatoid arthritis 

fibroblast-like synoviocytes (RA-FLS), which is mediated 

through induction of ROS formation via mitochondria and p38 

MAPK activation. Authors suggested that β-Elemene may 

thus have therapeutic benefits for rheumatoid arthritis [17]. 

Methylophiopogonanone A (MO-A), an active 

homoisoflavonoid of the Chinese herb Ophiopogon japonicus 

which has been shown to have protective effects on cerebral 

ischemia/reperfusion (I/R) injury via ROS and MMP-9 

associated pathways [18]. Resveratrol, a natural polyphenolic 

phytochemical, has been reported that it has growth-inhibitory 

effect on HepG2 cells via caspase-9 and caspase-3 pathways. 

After combonation of matrine, a natural component extracted 

from the traditional Chinese medical herb Sophora flavescens 

Ait, results showed that it ehanced the resveratrol, 

growth-inhibitory effect of resveratrol on HepG2 cells, which 

could be assocaited with activation of caspase-3 and caspase-9, 

downregulation of survivin, induction of reactive oxygen 

species (ROS) generation and disruption of mitochondria 

membrane potential (∆ψm) [19]. Importantly, it also has been 

reported that the Nardostachyos Radix et Rhizoma (NRR) is a 
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well-known medicinal herb widely used in Chinese, Uyghur 

and Ayurvedic medicines for the treatment of cardiovascular 

diseases. Additionally, NRR volatile oil prevented the 

oxidative stress-induced H9c2 cell death in cells via reducing 

intracellular ROS production, inducing antioxidant enzymes 

and activating Akt phosphorylation [20]. Salvianolic acid B 

(SalB), the main water-soluble bioactive compounds isolated 

from the traditional Chinese medical herb Danshen, has been 

reported that induces apoptosis in human glioma U87 cells via 

p38-mediated ROS generation [21]. Taken together, we 

suggest that the traditional Chinese medicine extract or natural 

compouds may represent a novel approach to human disease 

in the future. 
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