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Abstract
Objective: The aim of this study is to investigate the neuroprotective effect of
chrysotoxine (CTX) on sevoflurane-treated nerve cells and uncover the potential
regulation mechanism.
Methods: Nerve cells treated with sevoflurane and CTX were subjected to MTT and
apoptotic detection. Cell apoptosis and oxidative stress were detected by flow cytometry
(FCM) and ELISA assays. In addition, immunoblot assay was performed to study the
signaling pathway affected by CTX treatment.
Results: CTX treatment promoted the cell viability and suppressed the apoptosis of
sevoflurane-treated SH-SY5Y cells. In addition, CTX inhibited the sevoflurane-induced
oxidative stress response and inflammatory response in nerve cells. Mechanically, CTX
ameliorated neurotoxicity through activating the PI3K/AKT/GSK signaling pathway.
Conclusion: Therefore, CTX can serve as a promising drug target for treating
anesthetics-induced neurotoxicity.
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1. Introduction

Inhaled anesthetics are used as sedatives for surgery and also
cause neurotoxic reactions [1, 2]. The neurotoxic reactions
are usually manifested by postoperative cognitive decline and
neurodegenerative diseases [3, 4]. Currently, sevoflurane is
one of the most commonly used inhaled anesthetics. It has
been well favored for its rapid onset, but it was proved to be
able to induce an increase in neurotoxic effects [5]. Notably,
Sevoflurane increased the expression of pro-inflammatory cy-
tokine such as interleukin-6 (IL-6) and activated the nuclear
factor-κB (NF-κB) pathway [6]. In addition, the expression
of oxidative stress factors was increased in isoflurane-treated
human glioma cells [7].
Anesthesia induces the activation of pro-apoptotic proteins

in the rat hippocampus, whichmay lead tomitochondrial mem-
brane rupture, further leading to apoptosis [8–10]. In addition,
anesthetics may induce oxidative stress and inflammation in
the brain, resulting in neurotoxicity [2, 3, 11, 12]. Therefore,
suppressing the apoptosis of brain neurons is an important
means to counteract neurotoxicity induced by anesthetics.
Chrysotoxine (CTX), a monomer isolated fromDendrobium

officinalis, is a kind of biphenyl compounds [13]. It has
been shown to be an effective free radical scavenger, which
has neuroprotective effects [14]. CTX has a protective effect
on SH-SY5Y cells suffering from neurotoxicity induced by
MPP+. CTX can also protect SH-SY5Y cells from 6-OHDA

toxicity through protecting mitochondrial and regulating NF-
κB signaling pathway [15]. In addition, CTX also has a variety
of activities such as mitochondrial protection, ROS inhibition,
cell survival promotion and cell death suppression [15, 16].
In this study, we found CTX treatment promoted

the cell viability and suppressed the cell apoptosis in
sevoflurane-treated SH-SY5Y cells. In addition, CTX
inhibited sevoflurane-induced oxidative stress response and
inflammatory response in nerve cells. Mechanically, we
believe that CTX ameliorated neurotoxicity through activating
the PI3K/AKT/GSK pathway. Therefore, CTX can serve as a
promising therapeutic target for treating sevoflurane-induced
neurotoxicity.

2. Materials and methods

2.1 Cell culture and treatment

The SH-SY5Y neuroblastoma cells were obtained from ATCC
and maintained in DMEM culture medium supplemented with
10% fetal bovine serum (FBS) and incubated at 37 ◦C in a 5%
CO2 incubator. For sevoflurane exposure, cells were kept in
4.1% sevoflurane using calibrated vaporizers (Datex-Ohmeda
Inc., Madison, WI, USA) with flow of 95% air and 5% CO2 by
an anesthesia machine (Excel 210SE; Ohmeda Inc., Madison,
WI, USA) for 2 h, which was administrated for 3 consecutive
days as described previously [17]. The concentrations of CTX
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givenwere 25, 50, 100µMduring the process of cell treatment.

2.2 MTT assay
Cells were plated into the 96-well plates with a density of 800
cells/well and subsequently maintained for 48 hours upon the
indicated treatment. Cells were then treated with MTT for
4 hours. Subsequently, the medium was discarded and the
remaining cells were fully dissolved with 150 µL DMSO. The
OD value was measured at 490 nm wave length.

2.3 Immunoblot
The cells were homogenized with RIPA lysis buffer and about
30 ug proteins were separated by SDS-PAGE. After trans-
ferred onto PVDF membrane, membranes were sealed with
5% skim milk and subsequently conjugated with the following
primary antibodies against β-actin (1 : 10000 dilution, A1978,
Sigma), BNDF (1 : 1000 dilution, ab108319, Abcam), Bax (1
: 1000 dilution, ab32503, Abcam), Bcl-2 (1 : 1000 dilution,
ab182858, Abcam), cleaved-caspase 3 (1 : 1000 dilution;
ab32042, Abcam), PI3K (1 : 1000 dilution, ab32089, Abcam),
p-AKT (1 : 500 dilution, ab38449, Abcam), AKT (1 : 1000 di-
lution, ab8805, Abcam), GSK3β (1 : 1000 dilution; ab32391,
Abcam) and p-GSK3β (1 : 1000 dilution; ab75814, Abcam)
at 4 ℃ overnight. Then the membranes were subjected to
HRP-conjugated secondary antibodies for 1 h. Signals were
visualized by an ECL kit.

2.4 Caspase-3 activity detection
The activity of the Caspase-3 in the SH-SY5Y cells was de-
tected with the caspase-3 activity detection kit (ab252897,
Abcam) according to manufacturer’s instructions.

2.5 Assessment of antioxidant activity
The levels of MDA, SOD, GSHwere assessed by the detection
kits of Nanjing Jiancheng Bio-engineering Institute (Jiangsu,
China) in accordance to the manufacturer’s instructions.

2.6 Lactate dehydrogenase (LDH) release
activity
The experiment was based on previous research [4]. LDH
release activity was detected with an LDH cytotoxicity de-
tection kit (Clontech laboratories Inc., CA, USA), following
the manufacturer’s protocol. Briefly, 100 µL of culture super-
natant from each well were added with 100 µL of the LDH
reaction solution, and then incubated at room temperature for
30 min. Then, the optical densities of the samples at 490 nm
was measured using a microplate reader.

2.7 Quantitative PCR
The experiment was based on previous research [8].
Total RNAs were extracted by Trizol (Invitrogen, USA)
reagent according to manufacturer’s protocol. The reverse
transcription was conducted with reverse transcriptase
(M1701, Promega, Wisconsin, USA) to establish cDNA
profiles of each sample. Quantitative PCR was conducted
by using SYBR Ex Taq kit (Takara, Japan), and the

expression levels of target genes were normalized to β-
actin level. Primers used in this assay are listed below:
β-actin: forward: 5′-ACGGCCAGGTCATCACTATTG-
3′; reverse: 5′-TGGATGCCACAGGATTCCA-3′; TNF-
α forward: 5′-GAACTGGCAGAAGAGGCACT-3′,
reverse 5′-GGTCTGGGCCATAGAACTGA-3′; IL-6
forward 5′-CTGATGCTGGTGACAACCAC-3′, IL-6
reverse: 5′-CAGAATTGCCATTGCACAAC-3′; IL-1b:
forward 5′-GCATCAACTTTGTGGGAATG-3′, reverse: 5′-
CGGTTCAAGCTTGCCAAA-3′.

2.8 Statistics

GraphPad 7.0 was used for all the statistical analysis in this
study. Data were expressed as mean ± SD. Statistical anal-
ysis was performed by one-way ANOVA analysis, in which
Bonferroni post hoc test was used. p < 0.05 is considered as
significant difference.

3. Results

3.1 CTX treatment promoted the cell
viability of sevoflurane-treated nerve cells

To explore the role of CTX in sevoflurane-induced neuro-
toxicity in nerve cells, MTT assay was performed to detect
cell viability following sevoflurane exposure. As shown in
Fig. 1A, sevoflurane exposure resulted in obvious defect in
cell viability. CTX treatment rescued cell viability in a dose
dependent manner (Fig. 1A). Besides, CTX treatment reversed
the decreased expression of BDNF induced by sevoflurane
treatment (Fig. 1B). Taken together, these results indicated
CTX relieved the sevoflurane-induced neurotoxicity.

3.2 CTX treatment suppressed the
sevoflurane-induced neuronal cell apoptosis

Then, the effects of CTX on the apoptosis of SH-SY5Y cells
treated with sevoflurane were detected by using FCM, ELISA
and Immunoblot assays. FCM analysis results showed that
sevoflurane treatment obviously elicited the nerve cell apopto-
sis, suggesting its neurotoxic effect. Importantly, the treatment
of CTX (25, 50, and 100 µM) suppressed the sevoflurane-
induced apoptosis in a dose dependent manner (Fig. 2A).
Caspase-3, a marker of cell apoptosis, can be used for detecting
apoptosis. Compared with control group, caspase-3 activity of
cell in sevoflurane treatment group was significantly increased
(Fig. 2B). CTX treatment dramatically counteracted the in-
creasing effect of sevoflurane on caspase-3 activity of SH-
SY5Y cells (Fig. 2B). Immunoblot assays results revealed that
sevoflurane treatment leaded to obvious high Bax and cleaved-
caspase 3 expression and low Bcl-2 expression (Fig. 2C).
As expected, CTX-treatment reversed the alteration of Bax,
cleaved-caspase 3 and Bcl-2 expression induced by sevoflu-
rane, suggesting that CTX treatment suppressed the sevoflu-
rane induced cell apoptosis in nerve cells.
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FIGURE 1. CTX treatment promoted the survival of sevoflurane-treated nerve cells. (A) The cell viability in the
indicated groups. (B) The expression of BDNF in control, sevoflurane, sevoflurane + CTX (25 µM), sevoflurane + CTX (50
µM), sevoflurane + CTX (100 µM) groups. Three independent experiments were performed. **, p < 0.01 vs control group, #, p
< 0.05, ##, p < 0.01 vs sevoflurane group.

FIGURE 2. CTX treatment suppressed the apoptosis of sevoflurane-induced SH-SY5Y cells. (A) Cell apoptotic ratio in
the indicated groups. (B) The activity of caspase 3 in the indicated groups. (C) The level of Bcl-2, cleaved caspase 3 and Bax
in control, sevoflurane, sevoflurane + CTX (25 µM), sevoflurane + CTX (50 µM), sevoflurane + CTX (100 µM) groups. Three
independent experiments were performed. **, p < 0.01 vs control group, #, p < 0.05, ##, p < 0.01 vs sevoflurane group.

3.3 CTX inhibited sevoflurane-induced
oxidative stress response in nerve cells

To examine the antioxidant effect of CTX, the level of
SOD, GSH and MDA were detected in nerve cells treated
with sevoflurane and CTX. Compared with Control group,
expression of SOD and GSH in sevoflurane-treated group
were significantly decreased, whereas MDA was markedly
enhanced in the sevoflurane-treated group (Fig. 3A). CTX
treatment totally reversed the oxidative stress response
dramatically (Fig. 3A,B,C). Furthermore, sevoflurane leaded
to a sharp increase in LDH release and CTX treatment
alleviated the alterations (Fig. 3D). These data suggested
CTX treatment effectively exerted an antioxidative effect on
sevoflurane treated nerve cells.

3.4 CTX inhibited the inflammatory
response in nerve cells
To detect the inflammation status in sevoflurane treated cells,
the mRNA and protein level of TNF-α, IL-6, and IL-1β were
detected in nerve cells. TNF-α, IL-6, and IL-1β level were
elevated by sevoflurane treatment. Following CTX treatment,
TNF-α, IL-6, and IL-1β mRNA and protein level were sig-
nificantly reduced in a dose dependent manner (Fig. 4A,B).
These results suggest that CTX decreased sevoflurane-induced
cytokine expression in nerve cells, indicating alleviating the
inflammatory response.
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FIGURE 3. CTX inhibited sevoflurane-induced oxidative stress response in nerve cells. (A, B, C, D) MDA, SOD, GSH,
LDH level in the indicated groups were detected with respective ELISA kit. Three independent experiments were performed. **,
p < 0.01 vs control group, #, p < 0.05, ##, p < 0.01 vs sevoflurane group.

3.5 CTX ameliorated neurotoxicity through
activation of the PI3K/AKT/GSK pathway

PI3K/AKT pathway affected the pathogenesis of anesthetics-
induced nerve injury. Thus, we speculated CTX might exert
anti-apoptotic and anti-inflammatory effect through regulating
PI3K/AKT/GSK signaling pathway. To prove the hypothesis,
the expression level of PI3K, p-AKT, AKT, p-GSK-3β and
GSK-3β was analyzed in nerve cells. In sevoflurane treated
cells, PI3K, p-AKT and p-GSK-3β were obviously inhibited
in nerve cells, which was significantly ameliorated by CTX
treatment (Fig. 5). Thus, these findings suggested that CTX
improved neurotoxicity through activating the PI3K/ AKT
/GSK signaling pathway.

4. Discussion

In the last few years, it is generally believed that general anes-
thetics have a reversible effect on the central nervous system
[18]. Anesthetics will not produce any toxic and side effects to
central nervous system once they are completely metabolized,
and the central nervous system can be restored to its initial state
[19]. More studies have shown that general anesthetics have
obvious neurotoxic effects on the brain tissues of developing
animals [20]. In vivo and in vitro experiments have confirmed

that exposure to isoflurane and sevoflurane, which are common
clinical general anesthetics, can cause toxic changes in the
nervous system [21]. Continued use of narcotic drugs can
cause extensive neuronal death and certain neurological se-
quelae. Sevoflurane (2.5%) treatment in neurodevelopmental
primates can induce and maintain effective anesthesia and
lead to changes in gene expression that results in neuronal
damage [22]. In this study, we successfully constructed a
sevoflurane-induced neuron injury model and explored an ef-
fective treatment to alleviate the neurotoxicity. We found that
CTX, a traditional Chinese medicine extract, could effectively
alleviate the neurotoxicity induced by sevoflurane.
The various biological activities of CTX have been widely

revealed [16]. CTX has the anti-tumor activity in several
types of tumors [13]. The inhibitory effect of CTX on can-
cer cell metastasis has been proved [23]. Previous stud-
ies have demonstrated CTX has a neuroprotective effects on
neuro cells [24]. CTX suppressed 6-hydroxydopamine in-
duced apoptosis in SH-SY5Y cells via mitochondria protection
and the regulation of NF-κB pathway [15]. Additionally, CTX
could decrease the neurotoxicity in dopaminergic SH-SY5Y
cells [16]. Similarly, we found CTX attenuated sevoflurane-
induced neurotoxicity in vitro in this study. We successfully
constructed a cell model of sevoflurane-induced neurotoxicity.
CTX improved the cell viability of nerve cells treated by
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FIGURE 4. CTX inhibited inflammatory response in nerve cells. (A, B) The mRNA and protein level of TNF-a, IL-6 and
IL-1b in control, sevoflurane, sevoflurane + CTX (25 µM), sevoflurane + CTX (50 µM), sevoflurane + CTX (100 µM) groups.
Three independent experiments were performed. **, p < 0.01 vs control group, #, p < 0.05, ##, p < 0.01 vs sevoflurane group.

FIGURE 5. CTX ameliorated neurotoxicity through the activation of PI3K/AKT/GSK signaling pathway. The protein
level of PI3K, AKT and GSK in control, sevoflurane, sevoflurane + CTX (25 µM), sevoflurane + CTX (50 µM), sevoflurane +
CTX (100 µM) group detected by immunoblot assay. Three independent experiments were performed. **, p < 0.01 vs control
group, ##, p < 0.01 vs sevoflurane group.

sevoflurane. In addition, suggested that CTX counteracted
the sevoflurane-induced cell apoptosis and ROS production
revealed by FCM assays and ELISA assays. Moreover, CTX
suppressed the inflammatory response induced by sevoflurane.
These findings, together with the previous studies, confirmed
the neuroprotective effects of CTX.
This study gave the evidence that CTX attenuated

sevoflurane-induced neurotoxicity through the inhibition

of apoptosis. In fact, several anesthetics could induce the
activation of several pro-apoptotic proteins in hippocampus,
further leading to apoptosis [25]. Consistent with previous
study, anesthetics also induced oxidative stress and
inflammation, resulting in the neurotoxicity in brain.
Therefore, suppressing the apoptosis is critical to combat
neurotoxicity induced by anesthetics. As expected, CTX
attenuated sevoflurane-induced neurotoxicity via inhibiting



190

apoptosis.
The immunoblot assays confirmed that CTX attenuated

sevoflurane-induced neurotoxicity via regulating
PI3K/AKT/GSK pathway [16]. It has been widely
reported that the PI3K/AKT signaling pathway can affect
the pathogenesis of anesthetics-induced nerve injury [13].
This pathway also regulates a variety of cellular processes,
including inflammatory response, oxidative stress, and
apoptosis, which is was further confirmed by our findings
[26]. A variety of drugs can exert neuroprotective effects
through this pathway, which also suggests that this pathway
can be a potential target for the treatment of related diseases.
It is worth noting that free radicals have a wide range of

effects on the nervous system [21]. In this study, we found
that CTX attenuated sevoflurane-induced neurotoxicity, and
the free radicals scavenging ability of CTX on in vivo should
be further studied.
In conclusion, we successfully constructed a cell model of

sevoflurane-induced neurotoxicity, and found CTX treatment
promoted the cell survival and suppressed the sevoflurane-
induced apoptosis in nerve cells. CTX could also inhibit
sevoflurane-induced oxidative stress response and inflamma-
tory response. Mechanically, CTX ameliorated neurotoxicity
via targeting the PI3K/AKT/GSK signaling pathway. We
therefore thought CTX could serve as a promising therapeutic
target for treating sevoflurane-induced neurotoxicity.
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