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Abstract

Lidocaine is one of the most common local anesthetics (LA) used in clinical practice and it is neurotoxic. Recent studies
suggested that LA, including lidocaine, could exert protective effect over neurotoxicity by promoting autophagy. However, the
underlying mechanism was not sufficiently elucidated. This study aimed to explore the mechanism behind. Human
neuroblastoma cell line SH-SY5Y was used throughout the whole study. The effect of lidocaine on viability, toxicity of
SH-SY5Y cells were analyzed by MTT and lactate dehydrogenase (LDH) assays, respectively. The relative expression of
miR-145 was assessed by quantitative reverse transcription-polymerase chain reaction. The impact which lidocaine brought
on PI3K/AKT/mTOR pathway and autophagy-related proteins were examined by the western blot assay. LC3B was assessed
by immunofluorescence staining. The interaction between miR-145 and AKT3 was conducted by the dual-luciferase
reporting assay. Lidocaine inhibited viability of SH-SY5Y cells in a time and dose dependent manner and enhanced the
release of LDH in SH-SY5Y cells. Furthermore, the expression of miR-145 and autophagy were enhanced by lidocaine.
Transfection with miR-145 inhibitor inhibited the release of LDH and autophagy. miR-145 targeted AKT3 to inhibit
PI3K/AKT/mTOR pathway. Finally, lidocaine inactivated PI3K/AKT/mTOR pathways via upregulation of miR-145, and it
subsequently promoted autophagy of SH-SY5Y cells. However, silence of miR-145 could reverse the promotion of the
autophagy of SH-SY5Y cells. Our results showed that lidocaine promoted autophagy of nerve cells via regulating miR-145
expression and further inactivation of PI3K/AKT/mTOR signaling pathway.
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Introduction
Local anesthetics (LA) are universally used medicines in clini-
cal settings. When interventional therapies are performed, they
are normally used as a substitute for pain management, which

makes patients suffer less during surgeries. Despite the immense
benefits of LA, contemporary studies suggested that LA are toxic
to various tissues [1,2] and may involve in perioperative nerve
injury [3]. Studies also indicated that LA induced direct nerve
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Figure 1: The growth of SH-SY5Y cells was inhibited by lidocaine. Effects of different concentrations of lidocaine on the viability of SH-SY5Y cells treated with 24 h (A)

and 48 h (B).

damage could already occur at clinical concentration levels [4,5].
Lidocaine, first synthesized in 1943, is one of them, which is the
most widely used LA in clinical practice [6]. However, studies
showed that it might be a potential neuroprotectant, which is to
protect neurons from injury or degeneration [7, 8].

Autophagy is a pivotal process for degradation of cellular
components in a lysosome-dependent manner [9]. Under certain
pathological conditions, autophagy activation could be beneficial
or harmful to cells, depending on cell type and stimulation
[10,11]. Recent study suggests that autophagy is a common pro-
tective response to neurotoxicity caused by different LA. It has
an inhibitory effect on neurotoxicity; however, the regulatory
mechanism is still not sufficiently elucidated [12]. Some stud-
ies indicated that PI3K/AKT/mTOR signaling pathway negatively
regulated autophagy [13,14].

Micro RNAs (miRNAs) are highly conservative non-coding
small RNA molecules, which involve in a variety of cellular
processes by interfering with messenger RNA degradation and
protein expression [15]. Several studies demonstrated that miR-
NAs play a critical role in the major cascades of autophagy
[16–20]. A study showed that miR-145 promoted autophagy by
inhibiting PI3K/AKT/mTOR signaling pathway [21]. Furthermore,
another research indicated that lidocaine inhibited proliferation,
migration and invasion of gastric cancer cells by upregulating
miR-145 [22].

Taken together, we hypothesized that lidocaine promoted
neuronal autophagy and protected nerve cells by upregulating
miR-145 and inhibiting PI3K/AKT/mTOR pathway.

Materials and Methods
Cell culture

Human neuroblastoma cells SH-SY5Y were obtained from ATCC
and were cultivated in Dulbecco’s modified Eagles medium
(Gibco, Carlsbad, CA, USA), which contained 10% fetal bovine
serum. SH-SY5Y cells were kept in the environment at a
temperature of 37◦C and 5% CO2.

MTT assay

Lidocaine was purchased from Sigma Chemical Company
(St Louis, MO). Cell viability was measured by the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
method. Briefly, cells were treated with lidocaine (0, 0.1, 0.5, 1,

2, 4 and 8 mM) for 24 h or 48 h, respectively. Cells grown in 96-
well plates were treated with MTT (Sigma, M2128), in a final
concentration of 500 μg/mL, at 37◦C for 4 h. The formed crystals
were solubilized in 100 μL of dimethyl sulfoxide and the color
was read photometrically at 570 nm on Synergy HT plate reader
(Bio-Tek Inc., Winooski, VT, USA). Assays were performed on six
parallel wells. At least five independent viability assays were
carried out. The percentage of survived cells over controls was
calculated.

LDH assay

The CytoTox96 nonradioactive assay kit (Cell Biolabs inc., San
Diego, CA, USA) was used in the LDH assay. SH-SY5Y cells were
seeded in 96-well plates, exposed to different dose of lidocaine
and cultured for 48 h. Then the plates were centrifuged (at
430 × g) for 5 min, and the cells was moved to another new
96-well plates (50 μL/well). They were kept under a dark envi-
ronment for 30 min after adding LDH substrate to each well
(50 μL/well). To terminate the reaction, 1 N hydrochloric acid
(HCl) (25 μL/well) was added to each well. The absorbance was
assessed at 490 nm. Control experiments were performed with
0.1% (w/v) Triton X-100 set as 100% cytotoxicity. All experiments
were carried out in triplicate.

Western blot assay

Western blotting was carried out as described before [18, 19].
Cell lysates were then prepared using lysis buffer (50 mM
Tris,150 mM NaCl,0.5% sodium deoxycholate, pH 7.4, 0.5 mM
ethylenediaminetetraacetic acid, 0.1% sodium dodecyl sulfate
[SDS] and 1% NP-40). After centrifugation at 7900 × g for 10 min,
the supernatants were subjected to protein assay. An equivalent
amount of protein (30 μg) was separated by SDS-polyacrylamide
gel and transferred to Immobilon-P membrane (Millipore Corp.,
Bedford, MA, USA). After blocking with 5% fat-free milk, the
membrane was incubated with the corresponding primary
antibodies (anti-LC3I, anti-LC3II, anti-Beclin 1, anti-p62, anti-
p-mTOR, anti-mTOR, anti-p-AKT, anti-AKT, anti-p-PI3K, anti-
PI3K and anti-GAPDH) overnight at 4◦C and then incubated
with the appropriate secondary antibody (HRP-conjugated). The
blots against GAPDH were used as a loading control. Signals
were detected using the ECL kit and quantified by scanning
densitometry.
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Figure 2: Lidocaine upregulated miR-145 and inhibited PI3K/AKT/mTOR pathway. (A) LDH release level on different concentrations of lidocaine. (B) Effect of different

concentrations of lidocaine on the expression of miR-145 tested by qRT-PCR. (C) PI3K/AKT/mTOR pathway-associated protein expression in SH-SY5Y cells detected by

the western blot assay.

Immunofluorescence Staining

Cells seeded in 96-well plates were fixed with 4% paraformalde-
hyde solution, permeabilized with 0.5% Triton X-100 for 10 min,
and incubated for 30 min at room temperature in a blocking
buffer containing 5% bovine serum albumin. The cells were then
incubated with LC3B antibody (1:50 dilution) overnight at 4◦C.
Ultimately, we incubated the cells with a fluorescently labeled
secondary antibody (Alexa Fluor 488, 1:400, Gongsi) for 1 h at
room temperature in the dark, and then for 10 min with 0.1%
DAPI. We observed and recorded LC3B positive staining using an
inverted fluorescence microscope.

Cell transfection

miR-145 inhibitor and negative control were transfected into SH-
SY5Y cells and incubated for 24 h. This method was used to
decrease the expression of miR-145 in SH-SY5Y cells. Then they
were diluted into a density of 2 × 105 cells/well, seeded in new
plates and incubated until 70–80% confluent cells were reached.
miR-145 inhibitor (5′-AGGGAUUCCUGGGAAAACUGGAC-3′) and
negative control (5′-CAGUACUUUUGUGUAGUACAA-3′) were sup-
plied by GenePharma Co. (Shanghai, China). For transfection,
Lipofectamine 3000 reagen was used (Invitrogen, Carlsbad, CA,
USA).

Dual-luciferase reporting assay

The 3′-UTR of the wild-type AKT3 and a variant containing
mutations in the putative binding site were inserted down-
stream of the firefly luciferase reporter into the psiCHECK-
2 vector (Promega, Madison, WI, USA). Constructed luciferase
reporter plasmids (wild-type or mutant AKT3 plasmids) were
co-transfected with miR-145 inhibitor or miR-NC into cells
using Lipofectamine 2000. After 48 h, the luciferase activity
was determined using Dual-Luciferase Reporter Assay System

according to the manufacturer’s protocol (Promega, Madisoon,
WI, USA).

qRT-PCR analysis

Quantitative reverse transcription-polymerase chain reaction
(qRT-PCR) assay was used to evaluate miR-145 expression. TRIzol
reagent (Life Technologies Corporation, Carlsbad, CA, USA)
was used to extract total cellular RNA. Reverse transcription
was achieved by the Taqman MicroRNA Reverse Transcription
Kit (Thermo Fisher scientific, Waltham, MA, US). Moreover, to
amplify complementary DNA (cDNA), Taqman Universal Master
Mix II was used. The TaqMan MicroRNA Assay used new target-
specific stem-loop primers during cDNA synthesis to generate a
template for real-time PCR, and then to determine the expression
of miR-145 (Applied Biosystems, Foster City, CA, USA). miR-145
was normalized to U6 small nuclear RNA.

Statistical analysis

All results are presented as means ± standard deviation (SD).
Data analysis was performed using Graphpad Prism version
6.0 software (Graph Pad Software, San Diego California, USA).
The Student t-test and one-way analysis of variance were used
according to the data characteristics. The statistical significance
level was set at P < 0.05.

Results
Lidocaine inhibited growth and induced death
of SH-SY5Y cells

The SH-SY5Y cell viability was assessed when cells were treated
with lidocaine. In MTT assay, cell viability was inhibited after
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Figure 3: Lidocaine promoted autophagy in SH-SY5Y cells. (A,B) Autophagy-related protein expression detected by the western blot assay. (C) Effect of different

concentrations of lidocaine on the expression of LC3B tested by immunofluorescence staining.

cells were incubated with different concentrations of lidocaine
(0, 0.1, 0.5, 1, 2, 4 and 8 mM). The inhibition of cells was in a
time and dose dependent manner (Fig. 1). As show in Fig. 1, we
determined the induction concentrations of lidocaine were: low
concentration 0.5 mM, medium concentration 2 mM and high
concentration 8 mM. The toxicity of lidocaine was also detected
by the LDH assay. The rate of cell death increased with the dosage
increment (Fig. 2A). However, when miR-145 was silenced, the
LDH leakage level decreased compared with the lidocaine alone
group (Fig. 4B).

Lidocaine upregulated miR-145 and inhibited
PI3K/AKT/mTOR pathway

Increasing evidence suggested that miR-145 was involved in
the process induced by lidocaine [22, 23]. To reveal the behind
mechanism of lidocaine in SH-SY5Y cells, the relative expression
of miR-145 was detected. Results from qRT-PCR showed that the
relative expression of miR-145 was significantly increased when
lidocaine was added, and it was in a dose dependent manner
(Fig. 3). It indicated that miR-145 might participate in the pro-
cess of lidocaine-induced activity on SH-SY5Y cells. The signal
pathway involved in the lidocaine-induced event was also inves-
tigated. PI3K/AKT/mTOR pathway was found to be related with
the effect of lidocaine and miR-145. Western blot assay showed

that lidocaine significantly decreased the phosphorylation levels
of PI3K, AKT and mTOR when the dose of lidocaine increased
(Fig. 2C and D). Interestingly, when miR-145 was silenced, the
PI3K/AKT/mTOR pathway was activated. Phosphorylation levels
of PI3K, AKT and mTOR increased (Fig. 4F and G). These data
indicated that lidocaine inhibited activation of PI3K/AKT/mTOR
pathway possibly by upregulating miR-145. To find out the poten-
tial target of miR-145 in SH-SY5Y cells, the predicted targeting
3′-UTR region of human AKT3 was mutated and cloned into the
psiCHECK-2 vector (Fig. 4D, labeled as AKT3 3′-UTR mutation). In
parallel, the corresponding wild-type 3′-UTR region of AKT3 was
constructed as well. Co-transfecting the wild-type AKT3 3′-UTR
plasmid and miR-145 inhibitors into SH-SY5Y cells significantly
increased the luciferase activity, which was not affected by AKT3
mutation (Fig. 4E). These results implied that AKT3 might be one
direct target of miR-145 in SH-SY5Y cells.

Lidocaine promoted autophagy in SH-SY5Y cells

Previous study suggested that mTOR served as a negative
regulator of autophagy activation [24]. Moreover, a study also
suggested that PI3K/AKT/mTOR signaling was closely associated
with autophagy [25]. According to the results, we hypothesized
that lidocaine might lead to the activation of autophagy in
SH-SY5Y cells. Western blotting revealed that lidocaine enhanced



Toxicology Research, 2020, Vol. 9, No. 4 471

Figure 4: Inhibition of miR-145 expression relieved the inhibition of lidocaine on the PI3K/AKT/mTOR pathway. (A) miR-145 expression after transfection of miR-145

inhibitor measured by qRT-PCR. (B) Effect of lidocaine on the release of LDH in cells after inhibition of miR-145. (C) Effect of lidocaine on the expression of miR-145

in cells after inhibition of miR-145.(D,E) miR-145 and its putative binding sequence in the 3′-UTR of AKT3, Luciferase reporter assay showed the luciferase activity in

miR-145 inhibitor and AKT3 wild-type/mutant co-transfected SH-SY5Y cells. (F, G) Effect of lidocaine on the expression of PI3K/AKT/mTOR pathway-related proteins

after inhibiting miR-145.

the LC3II and Beclin1 upregulation and p62 and LC3I downreg-
ulation as the dose increased (Fig. 3A and B). When the miR-
145 was silenced, the expression of LC3II and Beclin1 was
downregulated, whereas the expression of p62 and LC3I was
upregulated comparing to the cells without silence of miR-145
(Fig. 5A and B). Immunofluorescence staining assay showed that
autophagy-related protein LC3B was upregulated when the dose
of lidocaine increased (Fig. 3C). However, when miR-145 was
silenced, the expression of LC3B was decreased as compared
to the inhibitor-NC cells (Fig. 5C).

Discussion
The most remarkable finding of this study is that autophagy
was promoted by lidocaine in 5H-SY5Y cells. MiR-145 was upreg-
ulated when treated with lidocaine. Moreover, PI3K/AKT/mTOR
pathway might involve in this process, and negatively regulated
autophagy activation.

MiR-145 is located on chromosome 5 (5q32–33) [26], a well-
known fragile location in the human genome [27]. Downregula-
tion of miR-145 has been observed in multiple types of cancers,
indicating that it may function as a tumor suppressor. Moreover,
a recent published article demonstrated that lidocaine inhib-
ited growth, invasion and migration of gastric carcinoma cells

by upregulation of miR-145 [22]. However, the role that miR-
145 could play in lidocaine-induced neuronal toxicity is still
unknown. Our study, first ever, showed that lidocaine could up-
regulate miR-145 in nerve cells.

Another study suggested that upregulation of miRNA-
145 could inhibit the PI3K/AKT/mTOR signaling pathway
and enhance autophagy in HK-2 cells [21]. In our case, the
results showed that the expression miR-145 was significantly
increased when 5H-SY5Y cells were exposed to lidocaine,
and subsequently, the PI3K/AKT/mTOR signaling pathway was
suppressed. However, when the miR-145 was silenced, the
pathway was activated again. Similar to aforementioned study,
our study also showed that the autophagy was enhanced when
miR-145 was upregulated.

The autophagy is related to the formation and clearance
of autophagosomes [10,28]. The formation of these structures
is tremendously related to the cytosolic form of LC3 (LC3I),
which is coupled to phosphatidylethanolamine and converted
to LC3-phosphatidylethanolamine conjugate (LC3II) [29]. LC3II
is located in the autophagosomal membrane. After the fusion
of autophagosome and lysosome, autophagosomal ingredients
such as LC3II are hydrolyzed. Therefore, the LC3 protein and
the formation of LC3II is the major indicator of autophagy
[30]. In our study, lidocaine resulted in an increase and
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Figure 5: Inhibition of miR-145 expression relieved the promotion of lidocaine on autophagy in SH-SY5Y cells. (A,B) Autophagy-related protein expression after inhibiting

miR-145 detected by the western blot assay. (C) LC3B expression after inhibiting miR-145 tested by immunofluorescence staining.

decrease in the protein level of LC3II and LC3I, respectively,
which correspondingly reached to the highest and the lowest
expression in SH-SY5Y cells after treatment with 8 mM lidocaine.
Similar results were obtained using fluorescence methods,
which showed that the expression of LC3B increased with
the increasing concentration of lidocaine. In addition to LC3,
autophagy is regulated by a wide range of regulatory factors,
such as Beclin-1, an important initiator of autophagy. Beclin-
1 plays a key role in the recruitment of autophagic proteins
to pre-autophagosomal structures, and also plays a critical
role in the formation of core complexes, including Beclin-1,
vacuolar protein sorting (Vps) 34 and Vps15 [31]. In the present
study, it was found that lidocaine upregulated the protein
expression of Beclin-1, which confirmed the importance of
elevated Beclin-1 levels during lidocaine-induced autophagy
[12]. Furthermore, p62 (also known as SQSTM1) is also a vital
player for autophagosome formation and is selectively degraded
in an autophagy-dependent mechanism [32, 33]. In our study, it
showed that p62 levels decreased when treated with lidocaine,
which the results were in accordance with the previous study
from Xiong et al as well [12]. Our study also demonstrated that
autophagy inhibition was achieved by transfecting cells with
microR-145 small interfering RNA; knockdown in SH-SY5Y cells
reduced autophagosome formation-related proteins.

In conclusion, lidocaine promoted autophagy by upregulation
of miR-145, and miR-145 inhibited PI3K/AKT/mTOR signaling
pathway through targeting AKT3. Manipulation of autophagy by
upregulating miR145, might be an effective approach for prevent-
ing lidocaine-induced nerve damage.
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