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Abstract: Purpose: The aim of this study was to investigate the possible mechanism of lidocaine neurotoxicity. Meth-
ods: Forty rats were randomly divided into four groups: the control, sham, saline, and lidocaine groups. Neurobe-
havioral tests were performed on rats in each group before and 1-4 days after the intrathecal administration. On 
the fourth day, the spinal cords of all rats from L2 to L6 were taken out and immediately stored in liquid nitrogen. In 
the control and lidocaine groups, parts of the spinal cord tissues of three rats in each group were selected for gene 
microarray analysis, revealing that compared with the control group, TMEM16F (ano6) expression was upregulated 
in the lidocaine group. To verify the expression of ano6 at the mRNA and protein levels, five rats in each group un-
derwent real-time quantitative polymerase chain reaction (RQ-PCR) and five underwent western blot analysis. The 
SK-N-SH cells were cultured and randomly assigned into control, lidocaine, and ano6 siRNA + lidocaine groups. The 
expression level of ano6 in each group was detected, and flow cytometry was used to detect apoptosis. Results: The 
expression of ano6 in spinal cord neurons was up-regulated for lidocaine neurotoxicity and induced neurobehavioral 
changes in rats. Knockdown of ano6 could alleviate the apoptosis of neurons induced by lidocaine. Conclusions: 
Neuronal apoptosis induced by lidocaine neurotoxicity might be due to the upregulation of ano6 expression. Inhibi-
tion of ano6 expression alleviated the apoptosis induced by lidocaine neurotoxicity.
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Introduction

Represented by lidocaine, local anesthetics 
(LAs) are widely used to induce regional and 
intraspinal anesthesia [1, 2]. The mechanism 
of LAs is mainly to block the voltage-gated  
sodium channel of neurons reversibly, thereby 
blocking the transmission of nerve impulses 
[3]. The complications caused by LA neuroto- 
xicity, such as transient neurologic symptoms 
and cauda equina syndrome, are rare, but usu-
ally with severe outcomes. The mechanism of 
LA neurotoxicity has always been the focus of 
research, but the “overall view” is still unclear 
[4].

Previous reports have shown that lidocaine is 
highly neurotoxic among commonly used LAs 
[5-7]. Now, gene chip technology is widely used 
to screen a variety of differentially expressed 
genes. Through this technology, the differen-
tially expressed genes caused by lidocaine neu-

rotoxicity in the position regulation of apoptotic 
process were detected and verified. Cell experi-
ments were conducted to investigate the poten-
tial mechanism of lidocaine neurotoxicity.

Material and methods

Ethical assessment

In the present study, all the plans were exam-
ined and approved by the Animal Research and 
Ethics Committee of the First Affiliated Hospital 
of Xi’an Jiaotong University, Shaanxi Province. 
All technical processes were implemented fol-
lowing the Principles of the Helsinki Declaration.

Animals

The experimental animals were produced by 
the experimental animal center of the Medical 
College of Xi’an Jiaotong University. They includ-
ed 40 rats of 260-280 g, which were all male 
Sprague Dawley rats. The animals were fed at 
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room temperature (25 ± 1°C), the light-dark 
cycle was 12 h and the relative humidity was 
40%-60%. The animals were given standard rat 
feed and water at will and kept individually. 
They were randomly split into four groups: con-
trol group; sham group, received only intrathe-
cal catheter insertion; saline group, saline was 
injected intrathecally; and lidocaine group, 10% 
lidocaine was injected intrathecally (n = 10 per 
group).

Intrathecal catheter insertion

Reference to previous studies, intrathecal cath-
eterization was executed [2]. In brief, the  
injection of 10% chloral hydrate at the dose of 
300-350 g/kg intraperitoneally was used to 
anesthetize rats. After the intervertebral spa- 
ce of L4-L5 and ligamentum flavum were 
exposed, a heat-connected polyethylene cath-
eter was inserted 2 cm within the subara- 
chnoid space. Hind leg twitching or tail swing 
indicated that the catheter was inserted, and 
the cerebrospinal fluid outflowing indicated its 
successful insertion. Then, 10 µL of saline was 
used to flush the catheter. Before suturing the 
incision, the end of catheter was sealed off  
and subcutaneously fastened. Once the rats 
were awake after anesthesia, their movement 
and clamped foot were monitored to detect  
any nerve injury caused by the intubation pro-
cess. The rats with nerve injury were excluded. 
One day after catheterization, the rats in each 
group, except group C, were injected with 20  
µL of 1% lidocaine intrathecally. The lidocaine 
screening test was positive for the paralysis of 
both lower limbs within 30 s. The exclusion cri-
teria were as follows: paralysis of limbs, dyski-
nesia, negative lidocaine test, or paralysis of 
unilateral limbs after a puncture. Three rats 
were excluded and three others supple- 
mented.

Intrathecal drug injection

Behavioral tests were conducted 1 day after 
catheterization. Then, each rat in the saline 
group was injected 20 μL of saline into the sub-
arachnoid space. Each rat in the lidocaine 
group was injected with 20 μL of 10% lidocaine 
(L5647-15G, Sigma, MO, USA), diluted with 
saline, into the intrathecal space [2]. Sub- 
sequently, 10 µL of saline was used to flush the 
catheter. The saline and lidocaine solutions 
were injected manually at a rate of about 10 
µL/15 s through a microinjector (Shanghai 

Gaopigeon Industry and Trade Co. Ltd., China) 
at a single dose.

Neurobehavioral tests

A researcher who did not aware of the experi-
mental conditions fulfilled all neurobehavioral 
tests in rats. The sensory and motor functions 
of rats in each group were measured using the 
thermal withdrawal latency (TWL) and the  
score of hindlimb motor dysfunction. A ther- 
mal stimulator (PL-200, Chengdu Taimeng 
Software Co. Ltd., China) was used to measure 
TWL. Under a 3 mm thick glass plate was a 
plexiglass box. After the rats were placed on 
the glass plate quietly, one third of the an- 
terolateral part of the hind sole of the rats was 
irradiated with the thermal stimulator. TWL was 
the time between the beginning of irradiation 
and the occurrence of leg-raising avoidance in 
rats. The longest time of irradiation was 30 s  
to prevent tissue damage. TWL was measured 
five times at 5-min intervals, and the test 
results of each rat were taken as the average 
value of five tests. The standard for evaluating 
hindlimb motor dysfunction was as follows: 
hindlimbs could move independently, gait was 
steady and could bear weight, score 0; hin- 
dlimbs could not bear weight, gait was not 
steady, and when pressed or clamped, the 
hindlimbs had evasive reactions, score 1; 
hindlimbs could not move independently and 
when pressed or clamped, no evasive reaction 
occurred in the hindlimbs, score 2. Neurobe- 
havioral tests were performed in each group 
before injection (T0) and 1 day (T1), 2 days (T2), 
3 days (T3), and 4 days (T4) after the intrathe-
cal injection.

Tissue preparation

The fourth day after subarachnoid injection, 
neurobehavioral tests were performed on rats 
in each group. Then, the injection of 10% chlo-
ral hydrate at the dose of 300-350 g/kg intra-
peritoneally was used to anesthetize rats. The 
spinal cords (lumbar enlargement) of all rats 
from L2 to L6 were taken out and immediately 
stored in liquid nitrogen.

Microarray analysis and hierarchical clustering

Parts of spinal cord tissues of three rats were 
randomly selected from both the control and 
lidocaine groups for microarray analysis. The 
TRIzol reagent (Life Technologies, CA, USA)  
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and the RNeasy mini kit (Qiagen, CA, USA) were 
successively used to extract and purify the 
total RNA of spinal cord tissues. According to 
the standard Affymetrix protocol, an Ambion 
WT Expression Kit was utilized to prepare the 
biotinylated cDNA from 150 ng total RNA. 
Fragmented cDNA was labeled and then hy- 
bridized on the gene chip Affymetrix Clariom D 
rat array (Affymetrix) at 45°C for 16 h. After 
that, the Affymetrix Fluidics Station 450 was 
chosen to wash and stain the gene chips. All 
chips were scanned with the Affymetrix Gene- 
Chip Operating Software (GCOS) installed in a 
GeneChip Scanner 3000 7G. Robust multichip 
analysis (RMA) algorithm was used for data 
analysis, and methods of normalization were 
global scaling and Affymetrix default analysis 
settings. The values were presented as log2 
RMA signal intensity. Differentially expressed 
genes between the two groups were discern- 
ed basing on the results of the Student t test. 
The identification criteria for the up- and  
downregulation of genes were as follows: a  
fold change > 1.5 and a P value < 0.05. The 
hierarchical clustering tab, an effective way to  
analyze various large genome datasets, was 
used for the hierarchical clustering of data.  
The correlation between samples was calculat-
ed by the expression of selected differentially 
expressed genes. Similar samples were clus-
tered, and the genes in the same cluster had 
similar biological functions. The Cluster_
Treeview software developed by Stanford 
University (CA, USA) was used for hierarchical 
clustering based on differentially expressed 
mRNA.

GO enrichment analysis

Gene Ontology Database, commonly known as 
the GO database, which is a cross-species, 
comprehensive, and descriptive database. The 
GO enrichment analysis annotated the diff- 
erentially expressed genes based on the GO 
database and obtained all the functions of 
gene participation. Then, Fisher’s exact and 
multiple comparison tests were chosen to com-
pute the significance level (P value) and the 
false discovery rate of each function. The crite-
rion of significance screening was the P value 
less than 0.01.

Cell culture

The Stem Cell Bank of Chinese Academy of 
Sciences kindly provided the human neuroblas-

toma cell line SK-N-SH for this study. All cell 
lines were cultured in the Hyclone minimum 
essential medium, added penicillin and stre- 
ptomycin, each at a concentration of 50 μg/
mL, containing 10% fetal bovine serum. All  
cells were cultured at 37°C in a moist environ-
ment containing 5% carbon dioxide.

Ano6 inhibition in SK-N-SH

Ano6 siRNA (sc-96071, Santa Cruz Biotech- 
nology, Inc., TX, USA) or negative control  
siRNA-A (sc-37007, Santa Cruz Biotechnology, 
Inc.) was transfected into SK-N-SH cells using 
Lipofectamine 2000 (11668019, Invitrogen, 
MA, USA) in the light of the manufacturer’s  
protocol. Transfection occurred when the cell 
growth covered 80% of the bottom of the  
Petri dish (60 mm in diameter). After 48 h of 
siRNA transfection, the knockdown efficiency 
was evaluated with RQ-PCR and western blot 
analysis.

SK-N-SH exposed to lidocaine

After successful ano6 siRNA transfection, the 
cells cultured under the same conditions were 
divided into three groups: control, lidocaine, 
and ano6 siRNA + lidocaine (exposed to lido-
caine after knockdown of ano6). The cells in 
the lidocaine and ano6 siRNA + lidocaine 
groups were cultured in fresh culture medium 
containing lidocaine (7.1 mM, L5647-15G, 
Sigma, MO, USA) referring to the result of a  
previous study [8], which concentration could 
establish the early apoptosis model of nerve 
cells, while those in the control group were  
cultured in fresh culture medium and served as 
a negative control. The three groups of cells 
were cultured for 24 h in the same environ-
ment. Afterwards, western blot analysis and 
RQ-PCR were used to appraise the expression 
of ano6 in each group, and the apoptotic rate 
was evaluated with flow cytometry.

RNA extraction and RQ-PCR

The TRIzol reagent (Life Technologies) was  
chosen to extract the total RNA from spinal 
cord tissue and SK-N-SH cells for RQ-PCR in 
the light of the manufacturer’s protocols. After 
that, the reverse transcription program of  
cDNA was implemented by using a RevertAid 
First Strand cDNA Synthesis Kit (Thermo Fi- 
sher Scientific, MA, USA). RQ-PCR was per-
formed with SYBR Premix Ex Taq II (TaKaRa, 
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Tokyo, Japan). The primers for SK-N-SH cells 
were ano6(h)-PR (sc-96071-PR, Santa Cruz 
Biotechnology, Inc.) and glyceraldehyde-3-pho- 
sphate dehydrogenase (GAPDH)(h)-PR (sc-
35448-PR, Santa Cruz Biotechnology, Inc.), 
and those for spinal cord tissue were synthe-
sized by Sangon Biotech (Shanghai) Co., Ltd. 
(Supplementary Table 1). The 2-ΔΔCt method was 
used to count the relative expression level of 
ano6, with the cycle threshold value standard-
ized with GAPDH as an internal reference.

Western blot analysis

The radio immunoprecipitation assay bu- 
ffer containing protein inhibitors (Beyotime, 
Guangzhou, China) was used to extract the  
proteins from spinal cord tissues and SK-N- 
SH cells. After that, they were electrophoresed 
(30 μg/lane) on 10% sodium dodecyl sulfate-
polyacrylamide gel and transferred onto po- 
lyvinylidene fluoride (PVDF) membranes. At 
room temperature, the PVDF membranes were 
immersed for 1 h in a sealed solution (5% 
skimmed milk), followed by incubation at 4°C 
overnight with primary antibodies. After incu-
bated at room temperature for 1 h with the 
horseradish peroxidase (HRP)-conjugated sec-
ondary antibody, a chemiluminescent HRP  
substrate (WBKLS0100, Millipore Corporation, 
MA, USA) was used to treat the membranes. 
The signals were visualized with a luminescent 
image analyzer (Amersham Imager 600, GE 
Healthcare Bio-Sciences AB, Sweden). The 
expression levels of ano6 were standardized  
to those of β-actin. Quantification analysis was 
implemented through Image Lab software  
(Bio-Rad, CA, USA). The following were antibod-
ies applied in this procedure: anti-β-actin anti-
body (1:2000, ab8227, Abcam, MA, USA); anti-
ano6 antibody (1:2000, PA5-88322, Invitrogen, 
MA, USA); and goat anti-rabbit immunoglobulin 
G (IgG) H&L (HRP) (1:10000, ab6721, Abcam).

Flow cytometry analysis

An Annexin V-phycoerythrin (PE)/7-amino-ac- 
tinomycin D (7-ADD) apoptosis detection kit 
(KGA1018, Jiangsu Kaiji Biotechnology Co., 
Ltd., China) was utilized to assess the apop- 
totic ratio of cells in each group. In the light of 
manufacturer’s protocols, the following was  
the operation procedure: SK-N-SH cells in each 
group were digested with trypsin without EDTA 
and collected in centrifugal tubes. Cold phos-

phate-buffered saline was utilized to washed 
the cells twice. Then, adding 5 μL of 7-ADD dye 
solution to 50 μL of binding buffer and mixed. 
Further, the solution was mixed in each sam- 
ple and kept in dark place at room tempera- 
ture for 10 min. After that, 1 μL of Annexin V-PE 
dye solution and 450 μL of binding buffer  
were added to each sample cell, mixed, and 
kept away from light at room temperature for 
10 min. Flow cytometry (BD FACSCanto II; BD 
Biosciences, CA, USA) with BD Diva software 
installed immediately was used to analyze the 
percentages of apoptotic cells within 1 h. For 
each sample, at least 10,000 cells were ana-
lyzed, and the experiment was repeated three 
times for each group.

Statistical analyses

The mean ± standard error was used to ex- 
press the measurement data of normal distri-
bution. One-way analysis of variance followed 
by the least significant difference test was 
applied to assess the diversities among gro- 
ups. The grade data of non-normal distribution 
were expressed as median (quantile range, 
QR), and the Kruskal-Wallis H test was utilized 
to compare the differences among groups. A  
P value less than 0.05 was considered to sig-
nificant statistical difference. The statistical 
analysis and the creation of all figures were 
done using SPSS 20.0 (SPSS Inc., IL, USA) and 
GraphPad Prism 8.0 (GraphPad Software Inc., 
CA, USA), respectively.

Results

Lidocaine neurotoxicity resulted in the prolon-
gation of TWL in neurobehavioral tests in rats

No significant difference was found in TWL 
baseline values among groups before intraspi-
nal injection (T0). On 1-4 days after intrathecal 
administration, the TWL in the Lido group was 
significantly longer than in the Con, Sham, and 
saline groups (P < 0.01). Nevertheless, among 
the Con, Sham, and saline groups, no signifi-
cant difference was found (P > 0.05, Figure  
1). In motor dysfunction scores of hindlimbs, 
among the four groups, either before or 1-4 
days after intraspinal administration, no signifi-
cant difference was observed. (P > 0.05, 
Supplementary Table 2).
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Microarray, cluster, and GO enrichment 
analyses showed that contrasted with the Con 
group, TMEM16F (ano6) expression in the 
Lido group was upregulated

Between the Con and Lido groups, the total 
number of differentially expressed genes was 
2316, with 1539 upregulated and 777 down-
regulated (Figure 2A). Unsupervised hierarchi-
cal clustering and TreeView analysis were uti-
lized to analyze the data on differentially 
expressed genes. The differential expression 
profiles of mRNA between the two groups were 
displayed through the heat map (Figure 2B). 
Then, the Go analysis was executed on the  
differentially expressed genes. The GO value 
was -LgP (negative logarithm of P value), which 
indicated the correlation between gene ex- 
pression and related biological processes. A 
larger LgP represented a smaller P value. The 
top 10 lidocaine-induced upregulated GOs 
(upGOs) contained a positive regulation of 
apoptotic process (Figure 2C), and the impor-
tant gene TMEM16F (ano6) involved in the 
apoptotic process was upregulated. Figure  
2D shows the top 10 downregulated GOs. We 

have uploaded the microarray data to the  
NCBI Gene Expression Omnibus (GEO) and 
GSE136833 is its GEO Series accession 
number.

lidocaine upregulating the expression of ano6 
was confirmed through RQ-PCR and western 
blot analysis

The expression of ano6 of each group was 
detected by RQ-PCR (n = 5) and western blot 
analysis (n = 5) at the mRNA level and protein 
level, respectively. The results showed that 
contrasted with the Con, Sham, and saline 
groups, the relative expression levels of ano6 
were significantly higher in the Lido group (P < 
0.01), while among the Con, Sham, and saline 
groups, no significant difference was found (P > 
0.05, Figure 3A and 3B).

Ano6 inhibition in SK-N-SH cells

RQ-PCR and western blot analysis results 
showed that transfection of ano6 siRNA effec-
tively knocked down the expression level of 
ano6 (Figure 4A and 4B). Contrasted with  
control group, the expression levels of ano6 
were significantly higher in the lidocaine group 
(P < 0.01), and in the ano6 siRNA + lidocaine 
group these levels were significantly lower  
than the lidocaine group (P < 0.01, Figure 4C 
and 4D). This indicated that ano6 siRNA trans-
fection significantly reduced the lidocaine-
induced upregulation of ano6 expression.

Knockdown of ano6 could reduce the apopto-
sis induced by lidocaine neurotoxicity

Contrasted with control group, the percentage 
of apoptotic cells in the lidocaine group was  
significantly higher (P < 0.01), while the ano6 
siRNA + lidocaine group was significantly lower 
than the lidocaine group (P < 0.01, Figure 5).  
In a word, knockdown of ano6 could reduce 
neuronal apoptosis induced by the lidocaine 
neurotoxicity.

Discussion

The phospholipids (PS) in the plasmalemma of 
mammalian cells are not evenly distributed 
between the two leaflets of the bilayer [9, 10]. 
Negatively charged PS is distributed mainly in 
the inner leaflet. The production and mainte-
nance of this asymmetric distribution are due 

Figure 1. TWL test results of rats in each group be-
fore intrathecal injection and 1-4 days after the in-
jection. On the first (T1), second (T2), third (T3), and 
fourth (T4) days after the injection, contrasted with 
the Con, Sham, and saline groups, the TWL in the 
Lido group was significantly longer (**P < 0.01 vs 
the Con, Sham, and saline groups, n = 10). TWL, 
Thermal withdrawal latency; T0, before intrathecal in-
jection; and T1-T4: the first, second, third, and fourth 
day after injection, respectively.
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to the action of phospholipid 
translocase (the P4 subfa- 
mily of P-type ATPases) [11]. 
However, under certain condi-
tions, the activation of Ca2+-
dependent “scramblase” can 
catalyze the rapid externaliza-
tion of PS on the cell surface 
to eliminate asymmetry. PS 
externalization is involved in 
many important physiological 
and pathological processes in 
various types of cells [12]. At 
present, it is generally be- 
lieved that PS externalization 
is a characteristic manifesta-
tion of apoptosis [13]. The 
presence or modification of 
many proteins and sugar moi-
eties on the surface of apop-
totic cells are considered to 
the identification signal of 
phagocytes. However, PS ex- 
ternalization has so far been 
the best characteristic signal 
for apoptotic cells to be re- 
cognized by phagocytes [14]. 
PS externalization occurs in 
the early stages of apoptosis 
[10, 15], that is, before the 

Figure 2. Comparison of differentially expressed genes in spinal cord tissue between the control and lidocaine 
groups. A. Between the Con and Lido groups, the total number of differentially expressed genes was 2316 (n = 3; 
fold change > 1.5; P < 0.05), with 1539 upregulated and 777 downregulated. B. Hierarchical clustering of differ-
entially expressed mRNAs between the Con and Lido groups. Orange and blue represent upregulated and down-
regulated genes, respectively. The GO analysis of differentially expressed mRNA. C. The top 10 upGOs induced by 
lidocaine comprised the positive regulation of the apoptotic process. D. The top 10 downGOs.

Figure 3. Effect of lidocaine on the expression of ano6 in the spinal cord of 
rats. A. Western blot representative bands of ano6 expression in the spinal 
cord of rats in each group (n = 5). B. RQ-PCR results of the relative expres-
sion level of ano6 in each group (n = 5). Contrasted with the Con, Sham, and 
saline groups, the ano6 expression was significantly higher in the Lido group 
(**P < 0.01 vs the Con, Sham, and saline groups).

Figure 4. Ano6-siRNA transfection significantly reduced the upregulation of 
ano6 expression induced by lidocaine in SK-N-SH cells. A and B. Western blot 

and RQ-PCR analyses of ano6 
siRNA knockdown efficiency (**P 
< 0.01 vs negative control siRNA-
A). C and D. Western blot and RQ-
PCR analyses of ano6 expression 
level in each group. Ano6-siRNA 
transfection significantly reduced 
the upregulation of ano6 expres-
sion induced by lidocaine in SK-N-
SH cells (**P < 0.01 vs Con, ##P < 
0.01 vs Lido). Typical bands and 
data from three separate experi-
ments expressed as the mean ± 
SD of each group. NC, negative 
control siRNA-A group; siRNA, 
ano6 siRNA group; Con, control 
group; Lido, lidocaine group; siR-
NA + Lido, ano6 siRNA + lidocaine 
group.
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loss of membrane integrity or DNA degradation, 
but after the appearance of membrane bleb-
bing [10].

TMEM16F is a member of the transmembrane 
protein (TMEM) family, also known as anocta-
min 6 (ano6), which has the functions of Ca2+-
dependent phospholipid scramblase and Ca2+-
activated chloride channel [16]. However, it is 
also believed that TMEM16F is only a channel 
rather than a phospholipid scramblase be- 
cause the overexpression of ano6 in HEK-293 
cells does not result in significant PS external-
ization [17]. This may be due to cell specificity. 
Some studies found that ano6 is activated  
during apoptosis [18, 19]. Forschbach et al.  
discovered that in the three-dimensional cul-
ture of Madin-Darby canine kidney renal cysts, 
the knockout of ano6 inhibited cell apoptosis 
[20]. Varied opinions existed about the spe- 
cific mechanism of ano6 in apoptosis. One  
view is that the ability of ano6 to scramble 
membrane phospholipids is may be the me- 
chanism of cell death induced by it [21]. 
However, Martins et al. hold another view that 
ano6 promotes apoptosis through its activity 
as outwardly rectifying Cl- channel (ORCC) 
because Cl- efflux contributes to cell shrink- 
age, which is a typical feature of apoptosis  
[19]. Besides, the activation of ano6-induced 
apoptosis may also be associated with mem-
brane blebbing [22], membrane shedding [23], 
and increase in intracellular Ca2+ concentra-
tion. In addition, the present study found that 
ano6 is also activated in the process of ne- 
croptosis, pyroptosis, and ferroptosis [24-28] 
besides apoptosis. Therefore, some scholars 
proposed that a novel way to induce cancer cell 

death could be achieved by activating ano6 
[29].

In the present study, the rats were injected  
with 10% lidocaine intrathecally to establish  
a neurotoxic model. Neurobehavioral tests 
showed that on 1-4 days (T4) after intrathecal 
administration, the TWL in the Lido group  
was significantly longer than that in the other 
groups. It is suggested that lidocaine neuro- 
toxicity of to the sensory impairment of lower 
limbs in rats, which is consistent with previous 
findings [2]. However, in motor dysfunction 
scores of hindlimbs, among the four groups, 
either before or 1-4 days after intraspinal 
administration, no significant difference was 
observed, which is inconsistent with the previ-
ous research results [2], this may be the rea- 
son of different scoring methods and standards 
for evaluation. Therefore, it is urgent to estab-
lish a unified scoring standard.

The mechanism of LA neurotoxicity has be- 
come a hot topic recently. Previous reports 
have indicated that among commonly used 
LAs, lidocaine is highly neurotoxic [5-7]. 
However, some studies have shown no signifi-
cant difference in neurotoxicity among Las [8, 
30]. This inconsistency may be due to diff- 
erent dosage and concentration of administra-
tion and different evaluation methods. Recent 
studies suggest that apoptosis induced by  
lidocaine neurotoxicity may be due to its eff- 
ects on the phosphatidylinositol 3-hydroxy 
kinase (PI3K) pathway [31], intrinsic caspase 
pathway [32], and mitogen-activated protein 
kinase (MAPK) pathway [33]. However, as an 
important apoptosis related protein, the role  

Figure 5. Knockdown of ano6 could reduce the apoptosis of SK-N-SH cells induced by lidocaine neurotoxicity. The 
apoptotic rate was evaluated with flow cytometry. (A-C) Representative images and (D) data from three separate 
experiments expressed as the mean ± SD of each group (**P < 0.01 vs Con, ##P < 0.01 vs Lido). Con, control group; 
Lido, lidocaine group; siRNA + Lido, ano6 siRNA + lidocaine group.
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of ano6 has not been mentioned. Microarray 
technology is commonly used to detect differ-
entially expressed genes, which is mostly used 
in tumor related research, but its application in 
lidocaine neurotoxicity research has not been 
reported. In this research, the results of gene 
chip analysis of the spinal cord tissue of rats 
indicated that in the lidocaine group, the 
expression of ano6 related to apoptosis was 
significantly upregulated, which was confir- 
med by subsequent gene- and protein-level 
detection. To further study the role of ano6  
in lidocaine-induced neurotoxicity, ano6-siRNA 
was used to knockdown the expression of  
ano6 in SK-N-SH cells. The cell experiments 
showed that lidocaine could significantly up- 
regulate the expression of ano6 and increase 
the apoptotic rate of SK-N-SH cells. Knock- 
down of ano6 could alleviate apoptosis induc- 
ed by lidocaine neurotoxicity. Therefore, apop-
tosis induced by lidocaine neurotoxicity might 
be related to the upregulation of ano6 expres-
sion. The mechanism might be as follows: (1) 
Some studies suggested that lidocaine neuro-
toxicity is related to the increase in intracellu- 
lar Ca2+ concentration [32]. High intracellular 
Ca2+ concentration could activate calcium-
dependent phospholipid scramblase ano6, 
thereby increasing the apoptosis caused by 
facilitating PS externalization. (2) It is now 
believed that apoptosis induced by lidocaine 
neurotoxicity is related to a variety of signaling 
pathways, as mentioned above. However, cas-
pase inhibitors, such as B-cell lymphoma 2, or 
inhibitors of transcription or translation (block-
ing apoptotic processes at any stage) can in- 
hibit PS externalization [10]. As an important 
phospholipid scramblase in the apoptotic pro-
cess, ano6 may be activated by the apoptotic 
signaling pathways, as above mentioned, medi-
ated by lidocaine neurotoxicity. That is, the 
upregulation of ano6 and PS externalization  
is downstream of these apoptotic signaling 
pathways.

In conclusion, the neuronal apoptosis induced 
by lidocaine neurotoxicity might be due to the 
upregulation of ano6 expression, while knock-
down of ano6 could alleviate the apoptosis, 
which allows new strategy to prevent and treat 
complications caused by lidocaine neurotoxi- 
city.
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Supplementary Table 1. Quantitative real-time PCR primers
Gene Sequence (5’-3’)
Ano6 F: CCGCCACCAGAAGTCGCATTG

R: ACAGGAGGTAACGCTCGCTAGG
GAPDH F: GGTGGACCTCATGGCCTACA

R: CTCTCTTGCTCTCAGTATCCTTGCT

Supplementary Table 2. Motor dysfunction score of hindlimbs
Group N T0 T1 T2 T3 T4
Con 10 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Sham 10 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Saline 10 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Lido 10 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Values are expressed in median (QR). No significant difference was found in 
motor dysfunction scores of hindlimbs among the four groups, either before 
intraspinal administration or 1-4 days after intraspinal administration (P > 
0.05). Therefore, the intrathecal injection of 10% lidocaine did not cause mo-
tor dysfunction in rats. T0, before intraspinal injection; T1, the first day after 
the injection; T2, the second day after the injection; T3, the third day after the 
injection; and T4, the fourth day after the injection.


