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Abstract. �is study aims to determine the e�ect of sevo�urane (Sev) on nasopharyngeal carcinoma 
(NPC) in malignant behavior and mitochondrial membrane potential (MMP). NPC cells (5-8F and 
CNE2) were exposed to Sev at di�erent concentrations and then tested for proliferation by CCK-8 
and colony formation assays, apoptosis by �ow cytometry, and invasion and migration by Transwell 
assays. In addition, the Warburg e�ect was examined by measurements of glucose consumption, 
lactic acid production, and adenosine triphosphate (ATP). Mitochondrial function was evaluated 
by reactive oxygen species (ROS) production, oxidative stress-related indexes, and mitochondrial 
membrane potential. Sev suppressed 5-8F and CNE2 cell proliferation, invasion, and migration, and 
enhanced apoptosis. Moreover, Sev dampened the Warburg e�ect by reducing glucose consumption, 
lactic acid production, and ATP, as well as decreasing hexokinase 2 and pyruvate kinases type M2 
protein expressions. Also, Sev induced ROS production and malondialdehyde content and reduced 
superoxide and glutathione peroxidase levels. Finally, Sev caused damage to mitochondrial homeo-
stasis through induction of cleaved caspase-3, cleaved caspase-9, and cytochrome c protein expres-
sion and reduction of MMP. Sev inhibits the malignant behavior of NPC cells by regulating MMP. 
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Introduction

The term “nasopharyngeal carcinoma (NPC)” refers to 
all squamous cell carcinomas including keratinized, non-
keratinized, and basaloid carcinoma subtypes (Bossi et al. 
2021). NPC is a  malignant epithelial tumor occurring in 
the mucosa of the nasopharynx, and its endemic variation 
is always associated with Epstein-Barr virus and usually 
manifests as undi�erentiated histological subtypes (Chua 
et al. 2019). It is thought that di�erences in dietary habits, 
lifestyle, and exposure to harmful environmental factors 

may be the root cause of the geographical di�erences in the 
incidence of NPC (Lee et al. 2019). At present, in addition to 
minimally invasive surgery and immunotherapy, intensity-
modulated radiotherapy and chemotherapy strategies have 
contributed to improved survival and reduced toxicity (Lam 
and Chan 2018; Chen et al. 2019).

It is well-known that mitochondrial dysfunction is a hall-
mark of tumors, and targeting tumor mitochondria has 
become a promising anticancer therapy. In particular, unique 
mitochondrial characteristics in tumors have been used as 
targets, signals, triggers, or driving forces for speci�c sensing/
diagnostic/imaging of characteristic mitochondrial changes, 
delivery of targeted drugs on mitochondria, delivery/accumu-
lation of targeted drugs on mitochondria, or stimulus-induced 
drug release in mitochondria (Cho et al. 2020). In tumor tis-
sues, mitochondria can alter metabolic phenotypes to meet 
high energy requirements and the challenges of macromo-
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Figure 1. Sev inhibits the malignant behaviors of NPC cells. Cell proliferation rate was detected by CCK-8 assay (A) and colony forma-
tion assay (B). C. Cell invasion and migration were assessed by Transwell assays. D. Cell apoptosis rate was calculated by �ow cytometry. 
Data were expressed as mean ± SD (n = 5). * p < 0.05. NPC, nasopharyngeal carcinoma; Sev, sevo�urane.

lecular synthesis. In addition, mitochondria can crosstalk the 
tumor microenvironment, and signals from cancer-associated 
�broblasts can shock mitochondria (Roth et al. 2020). Sevo-
�urane (Sev) was �rst discovered by Ross Terrell, synthesized 
by Regan in 1968, completed phase III clinical trials in 1986, 
and was �rst approved for clinical use by the Japanese drug 
administration in 1990. �e LD50 of Sev in rats is 0.47 ml/kg 
(Morohashi et al. 2016). In recent years, it has been praised 
as a landmark drug in inhalation anesthesia by many famous 
anesthesiologists (Terrell 2008). Sev has been shown to inhibit 
the development and progression of tumors through a variety 
of pathways. For example, high concentrations of Sev (4%) 
increase the rate of apoptosis of breast cancer cells by regu-
lating calcium homeostasis (Deng et al. 2020). Sev can also 
inhibit the proliferation and migration of gastric cancer cells 
(Yong et al. 2021). Notably, Sev has been found to modulate 
mitochondrial dysfunction to in�uence nerve cell iron death 
as well as neuronal damage (Zhang et al. 2020; Zhang et al. 
2022). In cancer cells, Sev can inhibit the proliferation and 
invasion by interfering with mitochondrial function of cells, 
which is mainly achieved by activating the Ca2+ dependent 
calmodulin-dependent protein kinase II/c-Jun N-terminal 
kinase cascade (Han et al. 2020). However, the e�ect of Sev 
on mitochondrial function in NPC cell lines remains unclear.

Considering the signi�cance of mitochondrial function, 
the current study exploited whether Sev interferes with 
tumor progression in NPC by modifying mitochondrial 
membrane potential (MMP), targeting to support the clinical 
application of Sev in tumor therapy.

Materials and Methods

Cell culture

NPC cells 5-8F (C486) and CNE2 (C488) (Shanghai Enzyme-
linked Biotechnology Co., Ltd., China) were cultured in 
RPMI-1640 medium (Gibco) containing 10% fetal bovine 

serum (Gibco) and kept in a humid incubator at 37°C and 5% 
CO2. �e cells were identi�ed by STR (short tandem repeat).

Sev exposure

5-8F and CNE2 cells were placed in an airtight container in 
a humid environment of 37°C. Sev (Seebio Biotech, Shang-
hai) was mixed with 95% air and 5% CO2 in a volatile tank 
and its concentration was adjusted to 1.7%, 3.4%, and 5.1%, 
respectively using a gas monitor (PM 8060; Drager). 5-8F 
and CNE2 cells were then treated with di�erent concentra-
tions of Sev for 6 h. Normal air-treated 5-8F and CNE2 cells 
served as a control group.

Cell counting kit (CCK)-8 experiment

5-8F cells and CNE2 were inoculated into 96-well plates at 
5000 cells/well, with 5 repeat wells set for each sample. Next, 
100 µl culture medium was introduced into each well, and 
10 µl CCK-8 solution (Dojindo, Japan) was given at di�er-
ent time points (24, 48, and 72 h) and incubated without 
light exposure for another 2 h. Absorbance was measured 
at 450 nm using a microplate reader (�ermo Fisher, USA).

Colony formation experiment

5-8F and CNE2 cells (about 4×103 cells/wells) were inoculated 
in 6-well plates overnight, treated with Sev, and then allowed to 
grow for 14 days, changing the medium every 3 days. On day 14, 
cells were �xed with 4% paraformaldehyde for 15 min and then 
stained with crystal violet dye for 25 min. �en, each well was 
rinsed with phosphate bu�ered saline (PBS) and then allowed to 
air dry. �e colonies were then counted using ImageJ so�ware.

Apoptosis analysis

5-8F and CNE2 cells were analyzed with Annexin V-Fluores-
cein isothiocyanate (FITC) apoptosis detection kit (Vazyme). 
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Cells were rinsed with cold PBS (Sangon, Shanghai, China) 
and resuspended in a binding bu�er, followed by a mixture 
with 5 µl Annexin V-FITC and 5 µl propidium iodide and cul-
ture darkly at room temperature for 15 min. Finally, apoptosis 
was estimated by �ow cytometry (Beckman Coulter, USA).

Transwell assays

Transwell chambers (Corning, USA) with an 8 μm pore size 
polycarbonate �lter were utilized to assess migration and 
invasion of 5-8F and CNE2 cells. 5×104 cells from serum-free 
medium were inoculated into the upper cavity pre-covered 
or uncovered with Matrigel (Corning, BD356230). In the 
meantime, 600 μl 10% fetal bovine serum medium was added 
to the lower cavity. A�er culture, the cells were removed 
from the upper surface of the �lter. Cells that migrated or 
invaded the lower surface of the �lter were then immobilized 
in 95% ethanol for 15 min and stained with 0.1% crystal 
violet for 20 min, which were measured and averaged under 
a microscope (Leica Microsystems, Germany) in 5 regions.

Measurement of glucose consumption, lactic acid production, 
and ATP production

Growth medium and cell �ltrates were obtained to evaluate 
glucose intake and lactate production in 5-8F and CNE2 
cells grown in 96-well plates. Glucose uptake levels were 
measured using a  glucose uptake kit (BioVision, USA). 
Lactic acid was detected by lactic acid Kit II (BioVision), 
and ATP production was determined using ATP colorim-
etry (BioVision).

Reactive oxygen species (ROS) detection

5-8F and CNE2 cells (about 6×105 cells/wells) were inoculat-
ed into 6-well plates, collected by centrifugation, suspended 
in PBS, and loaded with 20 µM dichloro-dihydro-�uorescein 
diacetate (DCFH-DA) at 37°C for 30 min. A�er that, cells 
were washed twice with PBS and analyzed immediately on 
a �ow cytometer (Beckman Coulter) at 480 nm.

MMP assessment

MMP was assessed using the JC-1 test kit. 5-8F and CNE2 cells 
(5×105 cells/well) were inoculated on a 6-well plate, centrifuged, 
suspended in PBS, and stained with JC-1 at 37°C for 20 min. 
�e cells were then collected and rinsed twice in JC-1 staining 
bu�er (1×) and analyzed immediately using �ow cytometry.

Oxidative stress index detection

Malondialdehyde (MDA), superoxide (SOD), and glu-
tathione peroxidase (GSH-Px) in the cells were measured 

using commercial kits (Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China).

Western blot

Proteins were isolated from cells using radioimmunoprecipi-
tation assay lysis bu�er (�ermo Fisher) and quanti�ed using 
a bicinchoninic acid kit (BioVision, USA). �e proteins were 
separated on a 10% sodium dodecyl sulfate polyacrylamide 
gel and transferred to a polyvinylidene �uoride membrane 
(Thermo Fisher). The membrane was incubated in 5% 
milk and then with the primary antibody overnight and 
with the secondary antibody conjugated with horseradish 
peroxidase (BD Biosciences) at room temperature for 1 h. 
Protein bands were evaluated using the SynGene system 
and GeneSnap so�ware (SynGene, USA). Primary anti-
bodies: glyceraldehyde-3-phosphate dehydrogenase (2118, 
Cell Signaling Technology), cleaved caspase-3 (9664, Cell 
Signaling Technology), cleaved caspase-9, and cytochrome c 
(Cyto C) (37BA11, Invitrogen).

Data analysis

Data were expressed as mean ± standard deviation (SD). 
All data were performed with at least �ve biological rep-
licates. Normality test was conducted using Shapiro-Wilk, 
and bilateral comparison was compared by Student t-test 
whilst multiple comparisons were by one-way analysis of 
variance and Tukey HSD. p < 0.05 suggested a signi�cant 
di�erence.

Results

Sev inhibits the malignant behaviors of NPC cells

To elucidate the e�ects of Sev on the biological charac-
teristics of NPC cells, 5-8F and CNE2 cells were exposed 
to Sev at concentrations of 1.7%, 3.4%, and 5.1%. �e 
results from the CCK-8 assay indicated a concentration-
dependent suppression of cell proliferation upon Sev 
administration (Fig. 1A). Furthermore, colony formation 
assay demonstrated that treatment with Sev signi�cantly 
curtailed the quantity of cellular colonies (Fig. 1B). We 
further examined the invasive and migratory capacities of 
these cells using Transwell assays. �e data, as depicted in 
Figure 1C, show that Sev diminished the number of cells 
capable of invasion and migration in a  concentration-
dependent manner. Flow cytometric analysis post-Sev 
treatment revealed a notable elevation in cell apoptosis 
rates (Fig. 1D). �ese �ndings collectively underscore the 
potential of Sev in substantially impeding the malignant 
progression of NPC.



296 Peng and Zhou

Fi
gu

re
 3

. S
ev

 e�
ec

tiv
el

y 
pr

om
ot

ed
 R

O
S 

pr
od

uc
tio

n 
in

 N
PC

. A
. F

lu
or

es
ce

nc
e p

ro
be

 D
C

FH
-D

A
 an

d 
�o

w
 cy

to
m

et
ry

 d
et

ec
te

d 
RO

S 
ch

an
ge

s i
n 

ce
lls

. C
om

m
er

ci
al

 k
its

 d
et

ec
te

d 
M

D
A

 
(B

), 
SO

D
 (C

) a
nd

 G
SH

-P
X

 (D
). 

D
at

a 
w

er
e 

ex
pr

es
se

d 
as

 m
ea

n 
± 

SD
 (n

 =
 5

). 
* p

 <
 0

.0
5.

 F
or

 a
bb

re
vi

at
io

ns
, s

ee
 F

ig
ur

e 
1.

A B
C

D



297Sevo�urane inhibits nasopharyngeal carcinoma

Sev e�ectively reduces the Warburg e�ect in NPC

Subsequently, we examined the impact of Sev on the Warburg 
e�ect in 5-8F and CNE2 cells. Demonstrated in Figure 2A, 
Sev signi�cantly reduced glucose consumption at various 
concentrations. Moreover, lactate production, a hallmark of 
altered cancer metabolism, was also concentration-depend-
ently decreased by Sev, as shown in Figure 2B. Notably, Sev 
treatment led to a reduction in ATP production, evident in 
Figure 2C. We further investigated the expression of War-
burg e�ect-related proteins through Western blot. Figure 2D 
shows that Sev notably decreased the expression of hexoki-
nase 2 (HK2) and pyruvate kinases type M2 (PKM2), key 
enzymes in glycolytic pathways. �ese �ndings collectively 
underscore that Sev exerts a dose-dependent suppression 
of the Warburg e�ect in NPC cells, shedding light on its 
potential role in modulating cancer cell metabolism.

Sev e�ectively promotes ROS production in NPC

To probe the linkage between Sev-induced apoptosis and the 
suppression of proliferation, invasion, and migration in NPC 
cells with ROS generation, we assessed intracellular ROS dy-
namics via the DCFH-DA �uorescent probe. Figure 3A illus-
trates a dose-dependent escalation in ROS concentrations upon 
Sev administration. Furthermore, subsequent to Sev exposure, 
an upsurge in MDA levels was observed, concurrent with a de-
cline in SOD and GSH-PX concentrations (Fig. 3B–D). �ese 
outcomes suggest that Sev signi�cantly enhances ROS produc-
tion, thereby precipitating cellular oxidative damage – a pivotal 
insight into its mechanistic role in cancer cell modulation.

Sev e�ectively disrupts mitochondrial homeostasis in NPC 
cells

Mitochondrial dysfunction, marked by reduced membrane 
potential, is a key precursor to ROS generation. In this context, 
we probed the e�ect of Sev on the MMP of 5-8F and CNE2 
cells. Employing the JC-1 probe for assessing MMP altera-
tions, our �ndings, as presented in Figure 4A, revealed that 
Sev induced a concentration-dependent decrease in MMP. 
Subsequent analysis focused on mitochondrial apoptotic 
pathway proteins. Figure 4B shows a signi�cant upregulation 
in the levels of cleaved caspase-3, cleaved caspase-9, and Cyto 
C post-Sev treatment. �ese results underscore Sev’s capacity 
to dose-dependently destabilize mitochondrial equilibrium, 
lowering MMP in NPC cells, and thus triggering apoptosis.

Discussion

NPC is a  malignant head and neck tumor with a  high 
incidence in Southeast Asia, but its pathogenesis remains 

unclear. Sev is a kind of anesthetic widely used in surgery 
and is considered a safe reagent for clinical use (Yu and Bai 
2022). In the context of NPC, this paper probed the spe-
ci�c mechanism of Sev in controlling tumor cell malignant 
progression. As discovered, Sev prevented NPC cells from 
malignant growth by MMP regulation.

Sev has the opposite e�ect on cancer progression, de-
pending on its concentration and the type of cancer (Hirai 
et al. 2020; Yun et al. 2023). Given that, this research on 
NPC studied the action of Sev at di�erent concentrations 
(1.7%, 3.4%, and 5.1%). As the results observed, Sev a�ected 
NPC cell activities in a concentration-dependent way. To 
start, Sev treatment suppressed NPC cell proliferation by 
decreasing cellular proliferative rate and the number of cell 
clones. �e inhibition of mitochondrial function leads to 
the disturbance of cell energy metabolism and a�ects the 
regulation of key points of cell cycle (Luo et al. 2020). Cells 
may not successfully pass the G1/S or G2/M checkpoint, 
resulting in cell cycle arrest (Leal-Esteban and Fajas 2020). 
Such changes directly a�ect the cell’s ability to proliferate 
and reduce the number of cell clones, as observed in the 
study. Also, Sev treatment dampened NPC cell invasion 
and migration, whilst elevating cell apoptosis rate. Due to 
the central role of mitochondria in regulating apoptosis, 
inhibition of mitochondrial function leads to activation of 
apoptosis signaling pathways. Increased permeability of 
the mitochondrial outer membrane leads to the release of 
apoptosis-e�ector molecules such as Cyto C, activation of 
caspase family proteins, and ultimately an increase in apop-
tosis (Bock and Tait 2020). In accordance with a published 
paper, Sev exerts a  time-dependent and dose-dependent 
e�ect on the proliferation/migration inhibition rate of gas-
tric cancer cells (Chen et al. 2020). Additionally, Sev shows 
concentration-dependent migration and invasion inhibi-
tion of colorectal cancer cells, in which the mechanism is 
mediated by the extracellular signal-regulated kinase/ma-
trix metalloproteinase-9 pathway and miR-203/Robo1 axis 
(Fan et al. 2019). �e fact that Sev represses ovarian cancer 
cell proliferation, migration, and invasion and induces 
apoptosis, and these e�ects are positively correlated with 
Sev dose have been determined (Kang and Wang 2019). 
Remarkably, Sev has been reported to reduce viability and 
even stimulate apoptosis of laryngeal squamous cell car-
cinoma cells by upregulating miR-26a-targeted Forkhead 
Box Protein O1 (Liu et al. 2021). Meanwhile, Yang et al. 
(2018) have checked the signi�cant inhibition of head and 
neck squamous cell carcinoma cell growth following Sev 
exposure at di�erent concentrations (2 and 4%). In com-
bination with these reports, our study further supported 
the anti-tumor potential of Sev.

Tumor cells maintain and induce long-term survival by 
trimming metabolism, which is characterized by increased 
glucose uptake and the fermentation of glucose into lactic 
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Figure 4. Sev e�ectively disrupts mitochondrial homeostasis in NPC cells. A. �e changes of mitochondrial membrane potential (MMP) 
were detected by JC-1 probe and �ow cytometry. B. Mitochondrial apoptosis pathway-related proteins, cleaved caspase-3, cleaved cas-
pase-9, and cytochrome c (Cyto C), were detected by Western blot. Data were expressed as mean ± SD (n = 5). * p < 0.05. For abbrevia-
tions, see Figure 1.
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acid. �is phenomenon is observed even when mitochondria 
function is perfectly normal and is known as the “Warburg 
e�ect” (Liberti and Locasale 2016). In this work, it could be 
observed that Sev suppressed glucose consumption, lactate 
production, ATP production, and protein expression of HK2 
and PKM2 to achieve an anti-glycolytic e�ect on NPC cells. 
However, if mitochondrial function is impaired, tumor cells 
may not be able to e�ectively use oxidative phosphorylation 
to produce energy, leading to energy crisis and metabolic 
stress (Wu et al. 2022). Consistently, a study has obtained 
validation of the e�ective role of Sev to prevent glycolysis and 
proliferation in lung cancer (Sun et al. 2022). ROS can acti-
vate pro-tumor signaling, enhance cell survival and prolifera-
tion, and drive DNA damage and genetic instability. Besides, 
ROS also initiates oxidative stress-induced tumor cell death, 
and tumor cells express high levels of antioxidant proteins to 
detoxify elevated ROS levels and establish a REDOX balance 
while maintaining pro-tumor signaling and resistance to ap-
optosis (Moloney and Cotter 2018). Here, our study noticed 
that Sev increased ROS production and oxidative injury in 
NPC cells, as well as damaged mitochondrial homeostasis 
by upregulating cleaved caspase-3, cleaved caspase-9, and 
Cyto C protein expressions. Notably, Sev can suppress the 
mitochondrial function of glioma cells by promoting ROS 
production and reducing MMP (Han et al. 2020). At present, 
the downside is that not enough evidence can further prove 
the action of Sev in mitochondrial dysfunction and oxidative 
injury in the tumor microenvironment.

Collectively, this research con�rms the anti-NPC action 
of Sev through suppression of tumor growth and disruption 
of mitochondrial homeostasis. �e main conclusion has pro-
vided more possibilities for Sev application in tumor treat-
ment. Nevertheless, the molecules and signaling pathways 
involved in Sev-mediated management of NPC development 
are not identi�ed in the current study.
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