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 Background: Compound porcine cerebroside and ganglioside injection (CPCGI) has been widely applied in clinical practice 
in China to treat functional confusion caused by brain diseases. Sevoflurane, a frequently-used inhalational 
anesthetic, was discovered to have neurotoxicity that can cause neurological damage in patients. The present 
study was performed to investigate the protective effect of CPCGI on sevoflurane-induced nerve damage and 
to reveal the neuroprotective mechanisms of CPCGI.

 Material/Methods: Firstly, the hippocampal neurons were separated from Sprague-Dawley embryonic rats, and were stimulated 
by 3% sevoflurane for different times (0, 2, 4, and 6 h). Then, cell viability and cell apoptosis were assessed by 
thiazolyl blue tetrazolium bromide (MTT) and flow cytometry (FCM), respectively. Western blot analysis was 
used to determine the apoptosis-related protein expression levels.

 Results: The results demonstrated that 3% sevoflurane significantly inhibited cell viability but induced cell apoptosis 
in neurons in a time-dependent manner. Treatment with 3% sevoflurane also promoted the Bax [B cell leuke-
mia/lymphoma 2 (Bcl2)-associated X protein] and cleaved caspase3 protein expressions, and suppressed Bcl-2 
and pro-caspase3 expressions in hippocampal neurons. In addition, phosphorylated (p)-p38 and p-p65 expres-
sion and the ratio of p-p38/p38 and p-p65/p65 were upregulated in a time-dependent manner after 3% sevo-
flurane treatment. Further analysis indicated that all the effects of 3% sevoflurane on hippocampal neurons 
were reversed by CPCGI pre-treatment.

 Conclusions: We demonstrated the neuroprotective role of CPCGI in sevoflurane-stimulated neuronal cell damage via regu-
lation of the MAPK/NF-kB signaling pathway.
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Background

Sevoflurane, an inhalational anesthetic, is frequently used in 
clinical practice [1]. Because of its fast induction, aromatic 
taste, and recovery properties, sevoflurane has been widely 
used in various procedures, such as surgical operations, cesar-
ean deliveries, and pediatric surgery [2,3]. Additionally, several 
reports have demonstrated that sevoflurane use in newborn 
rats resulted in neurocognitive dysfunction in the central ner-
vous system, including behavioral and developmental disabil-
ities [4]. Furthermore, increasing evidence has indicated that 
sevoflurane can trigger significant damage in many neuronal 
and non-neuronal cells and tissues [5]. Therefore, it is impor-
tant to find effective strategies to protect neurons from sevoflu-
rane-stimulated cell injury and to understand the pathomech-
anism of the neurotoxic effects of sevoflurane.

CPCGI (drug approval H22026472, China) has widespread clin-
ical use for Alzheimer’s disease, craniocerebral injury, spinal 
cord injury, and traumatic peripheral nerve injury therapy in 
China [6–8]. In addition, monosialotetrahexosyl ganglioside 
(GM-1) and hypoxanthine, the main components of CPCG, can 
promote the metabolism of brain tissue, are involved in neuron 
growth, differentiation, and regeneration, and accelerate the 
brain blood circulation [9–14]. The effective ingredients of CPCGI 
(polypeptide, GM-1, and hypoxanthine) have also been reported 
to possess a significant curative effect for stroke treatment in 
rats [6]. However, the protective response of CPCGI to neuronal 
damage stimulated by sevoflurane has not yet been described.

Cell apoptosis, also referred to as programmed cell death, can 
prevent dysfunctional cells from disturbing the balance of 
normal tissues, but abnormal apoptosis can lead to cell dam-
age or death [15]. Multiple reports have shown that sevoflu-
rane can accelerate the activation of cysteine aspartate-spe-
cific protease (caspase) and apoptosis signaling pathway [16]. 
Phosphorylation of p38 MAP kinase (p38MAPK) and nuclear 
translocation of NF-kB p65 are both involved in the signaling 
pathway, playing a vital role in cell growth and apoptosis [17]. 
Recent reports have suggested that sevoflurane neurotoxici-
ty involves apoptosis-related elements, including caspase-3, 
B cell lymphoma-2 (Bcl-2), and Bcl-2-associated X (Bax) [18,19]. 
Therefore, we explored whether CPCGI participates in sevoflu-
rane-induced neurons damage via the p38MAPK/NF-kB pathway.

We investigated the neuroprotective role of CPCGI in sevoflu-
rane-stimulated hippocampal neurons, and sought to elucidate 
the underlying mechanism. Our goal was to provide new in-
sights into the function of CPCGI and to develop a neuroprotec-
tive strategy for sevoflurane-induced neuronal injury. To test the 
hypothesis that miR-155 has a protective function in the mac-
rophage immune response, we investigated miR-155-mediated 
CASP-3 mRNA modulation in LPS-activated RAW 264.7 cells.

Material and Methods

Nerve cell culture and sevoflurane treatment

We purchased pregnant (18 days) adult Sprague-Dawley rats 
from the Experimental Animal Center of Shanghai and housed 
them in standard surroundings (22–24°C, 55–65% humidity, 
12-h light/dark cycle). The experiments with animals were con-
ducted following the National Institutes of Health guidelines 
for the care and the use of laboratory animals and the study 
was approved by the Ethics Committee of the Experimental 
Animal Center of Affiliated Hospital of Shaanxi University of 
Traditional Chinese Medicine. The adult rats were killed us-
ing cervical dislocation and soaked with alcohol. Then, we 
removed the embryos and separated the hippocampus tis-
sues under aseptic conditions. Nerve cells were collected and 
grown in neurobasal medium (Gibco, USA) containing 2% B27, 
10 mmol/l HEPES, and 0.5 mmol/l glutamine, at 37°C in an in-
cubator containing 5% CO2.

We used 3% sevoflurane to induce the nerve damage 
model [20]. Cells were first cultured in phosphate-buffered 
saline (PBS) or CPCGI for 6 h, then the cells were stimulated 
with 3% sevoflurane (Sigma-Aldrich, USA) for 6 h and assigned 
into 1 of 4 groups: control, sevoflurane, sevoflurane+PBS (ve-
hicle), and sevoflurane+CPCGI. CPCGI was obtained from the 
Jilin Buchang Pharmaceutical Group (Jilin, China). For sevoflu-
rane treatment, the cells were treated with 3% sevoflurane 
for indicated times.

MTT assay

The MTT assay was performed to evaluate cell viability. 
The nerve cells were cultivated in 96-well plates (BD Bioscience) 
and cultured in an incubator at 37°C with 5% CO2. Then, the 
culture medium was removed and sevoflurane or CPCGI was 
added to treat cells for 0, 2, 4, and 6 h. After that, 10 μl MTT 
solution (Beyotime, Shanghai, China) was added for 4 h fol-
lowing the manufacturer’s protocols. The formazan crystals 
were then solubilized with dimethylsulfoxide (DMSO). Finally, 
optical density (OD) at 490 nm was measured using a multi-
functional plate reader (BD, USA).

Flow cytometry (FCM) analysis

The hippocampal neuronal cell apoptosis was assessed by an-
nexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) 
double-stain analysis (Beyotime, Shanghai, China) following the 
manufacturer’s protocols. In this experiment, the cells were treat-
ed with 3% sevoflurane or CPCGI for indicated times. Then, cells 
were collected, centrifuged, and re-suspended in 100 μl bind-
ing buffer containing 5 μl annexin V/FITC and 2.5 μl PI. After 
co-incubation for 15 min in the dark, flow cytometry (Beckman 
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Coulter, USA) was performed to assess cell apoptosis. The data 
were analyzed using FlowJo software (version 7.6.1; FlowJo LLC).

Western blot assay

Western blot assay was used to evaluate the levels of apop-
tosis-related proteins (Bax, Bcl-2, pro-caspase3, and cleaved 
caspase3) and signaling pathway-related factors (p-p38, p38, 
p-p65, and p65). The neuronal cell total proteins were sepa-
rated and quantified using the Bicinchoninic Acid (BCA) Protein 

Assay Kit (Sigma, USA). Then, proteins (30 μg/lane) were iso-
lated by 10% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE), and blotted onto a polyvinylidene flu-
oride (PVDF) membrane. After incubating in 5% skim milk for 
2 h at room temperature, the membranes were cultured at 
4°C in specific primary antibodies (Abcam) at 1: 1000 dilution. 
GAPDH was used as internal control overnight. Subsequently, 
the membranes were cultured with secondary antibody (Abcam; 
1: 2000 dilution) for 2 h. The protein bands were detected by 
enhanced chemiluminescence (ECL) detection system reagents 
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Figure 1.  Sevoflurane suppressed hippocampal neurons cell growth and induced apoptosis. The hippocampal neurons cells were 
treated with 3% sevoflurane for indicated lengths of time (0, 2, 4, and 6 h). (A) MTT assay was performed to measure cell 
viability in different groups. (B) The FCM assay was carried out to evaluate the apoptosis rates of hippocampal neuronal 
cells. (C) The bar charts present the percentage of positive cells. (D) The apoptosis-related proteins expression levels were 
determined by Western blot assay. The data are presented as means±SD. * p<0.05, and ** p<0.01 compared to 0 h.
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(GE Healthcare Life Sciences, UK) following the manufacturer’s 
instructions. Proteins were quantified using ImageJ software 
(version 1.38X; National Institutes of Health).

Statistical analysis

The data were evaluated using GraphPad Prism 5 (San Diego, 
CA, USA) and are presented as the mean±standard deviation 
(SD). The statistical differences between groups were analyzed 
by t test or one-way analysis of variance (ANOVA). p<0.05 was 
considered to indicate a significantly significant difference.

Results

Sevoflurane inhibited cell viability and induced rat 
hippocampal neuronal cell apoptosis.

First, we assessed cell proliferation and apoptosis in sevo-
flurane-treated nerve cells by treating cells with 3% sevoflu-
rane for specified lengths of time (0, 2, 4, and 6 h). MTT assay 

was carried out to determine hippocampal neural cell viabil-
ity, and the neuronal cell apoptosis was detected by flow cy-
tometry. Our results showed that 3% sevoflurane treatment 
significantly inhibited the cell viability of neurons in a time-
dependent (2, 4, 6 h) manner compared to sevoflurane treat-
ment for 0 h (Figure 1A). Sevoflurane treatment induced cul-
tured neuronal cell apoptosis in a time-dependent manner 
compared with the 0 h treatment group (Figure 1B, 1C). Next, 
we assessed apoptosis in sevoflurane-induced neuronal cell 
injury, and Western blot assay was conducted to evaluate the 
expressions of apoptosis-related proteins (Bcl-2, Bax, pro-cas-
pase3, and cleaved caspase3) in neuronal cells after sevoflurane 
treatment. The results from Western blot assay demonstrated 
that the Bcl-2 and pro-caspase3 protein levels were lower and 
the Bax and cleaved caspase3 levels were higher after sevo-
flurane treatment (Figure 1D). These results indicated the cy-
totoxicity effect of sevoflurane in hippocampal neuronal cells.
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Figure 2.  Sevoflurane regulated the MAPK/NF-kB signaling pathway in neurons. Hippocampal neuronal cells were treated with 3% 
sevoflurane for different lengths of time (0, 2, 4, and 6 h). (A, C) Western blot analysis was used to assess protein expression 
levels of p38, p65, p-p38, and p-p65. (B, D) The ratio of p-p38/p38 (B) and p-p65/p65 (D) were quantified using Image J 
software. The results are expressed as means±SD. * p<0.05, and ** p<0.01 compared to 0 h.
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Sevoflurane treatment activated the MAPK/NF-kB 
signaling pathway in hippocampal neuronal cells.

To further explore the potential mechanism of sevoflurane-in-
duced hippocampal neuronal cell apoptosis, we investigated 
the MAPK/NF-kB signaling pathway. Western blot assay was 
carried out to measure the expression levels of major proteins 
in the MAPK/NF-kB signaling pathway, including p38, p-p38, 
p65, and p-p65. As shown in Figure 2A and 2C, the expression 

of p-p38 and p-p65 were increased in the sevoflurane treat-
ment group in a time-dependent manner compared with the 
0 h treatment group. The p-p38/p38 protein ratio (Figure 2B) 
and p-p65/p65 protein ratio (Figure 2D) were increased in 3% 
sevoflurane-treated hippocampal neuronal cells. These results 
suggested that sevoflurane activated the p38 MAPK/NF-kB sig-
naling pathway in hippocampal neuronal cells.
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Figure 3.  CPCGI blocked sevoflurane-stimulated hippocampal nerve injury. Hippocampal neurons were exposed to CPCGI or PBS for 
6 h. Subsequently, the cells were treated with 3% sevoflurane for another 6 h. (A) Cell viability of hippocampal nerve cells 
was measured by MTT assay. (B) Flow cytometry assay was conducted to assess cell apoptosis. (C) Apoptosis was evaluated 
after sevoflurane or CPCGI treatment. (D) The apoptosis-related protein levels, including Bax, cleaved caspase3, Bcl-2, and 
pro-caspase3, were measured using Western blot assay in different groups. Results are shown as means±SD. ** p<0.01 
compared with control group; ## p<0.01 compared with sevoflurane treatment groups.
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CPCGI rescued the sevoflurane-stimulated hippocampal 
neuronal cell damage

To determine whether CPCGI exhibited protective effects on 
sevoflurane-stimulated neuronal cell injury, hippocampal neu-
rons were exposed to CPCGI or PBS for 6 h. Subsequently, 
the hippocampal neurons were treated with 3% sevoflurane 
for another 6 h. Our data revealed that sevoflurane significantly 
inhibited neuronal cell growth and promoted apoptosis com-
pared to the control group (Figure 3A–3C), and these results 
were significantly reversed by CPCGI treatment. To further ver-
ify the regulatory function of CPCGI on sevoflurane-induced 
neuronal cell apoptosis, Western blot assay was used to eval-
uate Bax, Bcl-2, pro-caspase3 and cleaved caspase3 levels. 
Our results suggested that sevoflurane suppressed the Bcl-2 
and pro-caspase3 levels and enhanced Bax and cleaved cas-
pase3 protein levels compared to the control group (Figure 3D). 
However, CPCGI treatment increased Bcl-2 and pro-caspase3 
expression, and decreased Bax and cleaved caspase3 expres-
sion levels in sevoflurane-injured neurons. These results show 
that CPCGI had an anti-apoptotic effect in sevoflurane-treat-
ed neuronal cells.

CPCGI suppressed activation of the p38MAPK/NF-kB 
pathway in neuronal cells after sevoflurane treatment.

To further investigate the effect of CPCGI on neuronal cell dam-
age, the expression level of MAPK/NF-kB-related proteins was 
detected by Western blot assay in sevoflurane-treated neuronal 
cells. As presented in Figure 4A, p-p38 and p-p65 levels were 
significantly increased in the sevoflurane treatment groups 
compared to the control group, while these effects were re-
versed by CPCGI treatment, indicating that CPCGI participates 
in MAPK/NF-kB signaling pathway regulation. In addition, the 
ratio of p-p38/p38 protein (Figure 4B) and p-p65/p65 pro-
tein (Figure 4C) were increased in sevoflurane-treated neu-
rons, which was reversed by CPCGI treatment. These results 
show that CPCGI protected against sevoflurane-induced neu-
ronal cell injury by inhibiting nerve cell apoptosis through the 
MAPK/NF-kB signaling pathway.
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Discussion

Neurovirulence in many diseases has become an important 
research focus [21,22]. Sevoflurane, which is frequently used 
as an inhalation anesthetic in many surgeries, is reported to 
commonly lead to neurological injury and cognitive dysfunc-
tion [23,24]. Therefore, it is important to develop effective ways 
to prevent anesthetic-induced neurotoxicity. CPCGI, which is 
a potent treatment for many diseases, is involved in reduc-
ing cell apoptosis and enhancing synaptic functions. Previous 
studies have reported that CPCGI promotes neurogenesis by 
mediating cell apoptosis in hippocampal neurons, and its neu-
roprotective effects in MCAO-induced injury models have also 
been documented [6]. However, whether CPCGI participates in 
the progression of sevoflurane-stimulated injury in hippocam-
pal neuronal cells has been unclear. Thus, in this study, we ex-
plored prevention of neuronal cell damage and revealed the 
underlying molecular mechanism of CPCGI.

In this study, we separated hippocampal neurons from 
Sprague-Dawley embryonic rats, and used 3% sevoflurane to 
induce a neuronal cell injury model [20]. We used 3% sevoflu-
rane to stimulate the nerve injury, as previously described [20]. 
However, 3% sevoflurane is quite high and this level is rarely 
used in clinical practice, which is a limitation of the present 
study. MTT and FCM analysis were carried out to measure the 
effects of 3% sevoflurane on neuronal cell growth and apop-
tosis at 0, 2, 4, and 6 h. Consistent with a previous study [20], 
we found that 3% sevoflurane inhibited neuronal cell viability 
and promoted cell apoptosis in a time-dependent manner, so 
we chose to treat neuronal cells with 3% sevoflurane for 6 h 
in subsequent experiments. Abnormal apoptosis can also sup-
press cell growth, and sevoflurane neurotoxicity is associated 
with increased apoptosis, such as abnormal regulation of Bcl-2 
family members and caspases [25,26]. Bcl-2 family members 
(Bax, Bcl-2, and Bcl-XL) participate in the regulation of apop-
tosis [27,28]. Caspase3, which belongs to the cysteine-aspartic 
proteases family, plays a vital role in mediating cellular com-
ponents and promoting cellular apoptosis [29]. In accordance 
with previous reports, our results suggested that 3% sevo-
flurane remarkably enhanced the Bax and cleaved caspase3 
protein expression levels, and inhibited the Bcl-2 and pro-cas-
pase3 expression levels in neurons.

Recently, numerous studies have suggested that various path-
ways are involved in sevoflurane-stimulated injury in neurons, 
such as the p38MAPK, NF-kB p65, and PKA signaling path-
ways [30–32]. It was also reported that inhibition of MEK/ERK 
and mTOR phosphorylation is part of the mechanism of an-
esthetic-stimulated neurovirulence in the many diseases [33]. 
In the present study, we used Western blot assay to deter-
mine the relative protein expression level of MAPK/NF-kB. 

Guo et al. [30] suggested that sevoflurane treatment signifi-
cantly activated the NF-kB pathway in rats. Lyu et al. [32] re-
ported that phosphorylated-p38 MAP kinase (p38) protein 
expression was significantly enhanced in sevoflurane-treated 
newborn rats, indicating activation of the p38MAPK signaling 
pathway. Consistent with those results, our results demon-
strated that the expressions of p-p38 and p-p65 were signifi-
cantly enhanced by 3% sevoflurane treatment in hippocampal 
neurons, and the protein ratios of p-p38/p38 and p-p65/p65 
were also increased. In summary, these results indicate that 
sevoflurane treatment inhibits hippocampal neuronal cell viabil-
ity and promotes cell apoptosis by activating the MAPK/NF-kB 
signaling pathway.

We finally evaluated the protective response of CPCGI dur-
ing sevoflurane-induced hippocampal neuronal cell damage. 
Neurons were first treated with CPCGI or PBS for 6 h, and then 
treated with 3% sevoflurane for another 6 h. The results from 
MTT and FCM analysis showed that treatment with CPCGI sig-
nificantly reversed the effects of sevoflurane on neuronal cell 
viability and sevoflurane-induced apoptosis. Also, sevoflurane 
treatment enhanced protein levels of Bax and cleaved cas-
pase3, and CPCGI treatment reversed the effects of sevoflurane 
treatment in reducing Bcl-2 and pro-caspase3 protein levels 
in neuronal cells. These results indicate that CPCGI can inhibit 
apoptosis in sevoflurane-induced neuronal cell injury. To bet-
ter understand the potential mechanism underlying the role 
of CPCGI in neuronal cell damage induced by sevoflurane, we 
assessed the role of the MAPK/NF-kB pathway in sevoflurane-
induced neuronal cell injury [30,32]. The results suggested that 
CPCGI protects neuronal cells against sevoflurane-stimulated 
neurotoxicity by inhibiting p-p38 and p-p65 protein expression 
levels, indicating that CPCGI inhibits the MAPK/NF-kB signal-
ing pathway in sevoflurane-treated neuronal cells. However, 
we did not investigate the effect of CPCGI on nerve cells treat-
ed with sevoflurane in vivo, which is a limitation of this study, 
and we intend to assess this in future research.

Conclusions

Our results show that CPCGI can enhance cell viability and sup-
press apoptosis of hippocampal neurons injured by sevoflu-
rane via regulating the p38MAPK/NF-kB pathway. This study 
provides a new strategy for preventing neuronal cell injury in-
duced by anesthetics in clinical practice. The role of CPCGI in 
sevoflurane-stimulated behavioral variation in vivo needs to 
be further explored in the future.
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