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Abstract: It has been shown that local anesthetics have potential neurotoxicity, but the exact mechanism remains
unclear. In this study, PC12 cells were treated with different concentrations of ropivacaine mesylate (0.1, 0.5, 1,
2 and 4 mmol/L) for 24 h, the cell viability was assessed by CCK-8 assay. Then, cells in 0.5 mmol/L ropivacaine
group, 2 mmol/L ropivacaine group and control group were subjected to morphological observation under a light
microscope, assessment of cell necrosis by Hoechst33342/PI staining and apoptosis by Annexin V-FITC/PI stain-
ing, and the detection of Fas and FasL expression by qPCR, immunofluorescence and Western blot. Results showed
that the cell viability decreased significantly (P<0.05), necrosis and apoptosis rate increased markedly (P<0.05),
and the expression of Fas, FasL, caspase-3 and caspase-8 increased dramatically (P<0.05) with the increase in the
concentration of ropivacaine mesylate. Therefore, ropivacaine mesylate may induce the apoptosis of PC12 cells,
which may be related to the up-regulation of Fas/FasL.
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Introduction

Local anesthetics are widely used to relieve
acute or chronic pain by blocking the sodium
channel and calcium channel with favorable
safety [1]. However, in recent decades, some
studies have suggested that most local anes-
thetics have neurotoxicity, especially when they
are used at a high concentration and/or for a
long time [2-6]. Ropivacaine mesylate (RM) is
one of the most widely used local anesthetics
in clinical anesthesia and pain management,
because of its good separation of the sensory
and motor nerve blocking, fewer systemic reac-
tions and lower cardiac toxicity [7, 8], but it may
also cause nerve damage and abnormal sensa-
tions similar to other local anesthetics [9, 10].

The exact mechanism underlying the neurotox-
icity of local anesthetics is still unclear, and
some studies have proposed cell apoptosis is
an important mechanism [11, 12]. Wen et al.
found that ropivacaine hydrochloride was able
to increase the expression of calcium/calmodu-

lin-dependent protein kinase Il (CaMK II) and
the apoptosis rate of dorsal root ganglion neu-
rons (DRG), resulting in nerve injury [13, 14]. Lu
et al. found that bupivacaine-induced reactive
oxygen species (ROS) production results in an
alteration in the permeability of the mitochon-
drial membranes and CI influx into mitochon-
dria, which suggests that mitochondrial path-
way is closely related to the neurotoxicity of
local anesthetics [15]. However, it is not clear
whether the death receptor pathway is involved
in the neurotoxicity of local anesthetics.

Fas/Apo-1 is a type | transmembrane protein
with three extracellular “cysteine-rich domains”,
the hallmark of the tumor necrosis factor (TNF)
receptor superfamily, and it is widely expressed
on the immune cells and nerve cells. The Fas/
FasL pathway is a typical death receptor path-
way. Fas binds to FasL via the death domain
(DD), Fas associated death domain (FADD),
death effector domain (DED) and procaspase-8
to format a death-inducing signaling death
inducing signal complex (DISC), which subse-
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quently activates the caspase family members,
especially caspase-3 and 8, eventually leading
to apoptosis [16]. Whether the Fas/FasL path-
way is associated with the neuronal apoptosis
induced by local anesthetics is still poorly
understood.

In this study, the toxic effects of ropivacaine
mesylate at different concentrations on adre-
nal pheochromocytoma PC12 cells (PC12 cells)
were evaluated, and then the expression of
Fas, FaslL, caspase-3 and caspase-8 was de-
tected in order to reveal the role of Fas/FasL
pathway in the neurotoxicity of RM in PC12
cells.

Materials and methods
Materials

The PC12 cell line was purchased from the
Shanghai Institutes for Biological Sciences.
RPMI-1640 medium and fetal bovine serum
(FBS) were purchased from Gibco (Gibco, USA).
Rabbit anti-rat Fas polyclonal antibody, rabbit
anti-rat FasL polyclonal antibody and rabbit
anti-rat cleaved caspase-3 polyclonal antibody
were purchased from Santa Cruz Biotech-
nology (Santa Cruz, CA), RM was obtained from
Cisen Pharmaceutical (Cisen, China). Primers
of the B-actin, Fas, Fasl, capase-3 and cas-
pase-8 were supplied by Shanghai Sangong
Company of China (Table 1). The cell counting
kit-8 (CCK-8) and Hoechst33342/PI kit were
purchased form Beyotime Biotechnology (Bey-
otime, China); Annexin V-FITC/PI kit was obta-
ined from Beckman Coulter (Beckman Coulter,
USA). The TRIzol reagent was obtained from
Invitrogen (Invitrogen, USA), and the RT kits and
real-time PCR kits were from Promega (Pro-
mega, USA). All reagents were from commercial
suppliers and standard biochemical quality.

Cell culture

PC12 cells were cultured in the RPMI-1640
medium with 10% FBS, 100 U/ml penicillin and
100 pg/ml streptomycin in a humidified envi-
ronment with 5% CO, at 37°C. The medium was
refreshed once every two or three days.

Cell viability detected with CCK-8 assay

The PC12 cells were seeded into 96-well plates
at a density of 5x10° cells/well. When the cell
confluence reached about 80%, cells were
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treated with RM at different concentrations
(0.1, 0.5, 1, 2 and 4 mmol/L) for 24 h. In control
group, cells were maintained in RPMI-1640 me-
dium without RM treatment (n = 5 per group)
for 24 h. Then, CCK-8 (10 ul) was added to each
well, followed by incubation at 37°C for 1-4 h.
The optical density (OD) was measured at 450
nm (OD450) and the cell viability was calculat-
ed. The cell viability in control group was set as
100%, to which the cell viability in other groups
was normalized.

Cell processing and experiment protocol

According to CCK-8 assay, cells were randomly
divided into 3 groups: 0.5 mmol/L RM group, 2
mmol/L RM group and control group. When the
cell confluence reached about 80%, they were
treated with 0.5 mmol/L RM or 2 mmol/L RM
for 24 h. In the control group, cells were cul-
tured without RM treatment for 24 h.

Observation of cell morphology

PC12 cells were seeded into 12-well plates,
and then treated as described above. Cell mor-
phology was observed under a light microscope
(Olympus, IX73, Japan), and images were cap-
tured at a magnification of 200. At least 3 fields
were randomly selected from each well.

Detection of cell necrosis by Hoechst/PI stain-
ing

PC12 cells were seeded into 6-well plates, and
then treated as described above. The medium
was removed, 1 ml of phosphate buffer saline
(PBS) containing 5 pl of Hoechst33342 and 5
pl of propidium iodide (Pl) was added to each
well, followed by incubation for 15 min at 4°C.
Thereafter, cells were washed with PBS, and
observed under a fluorescence microscope
(Olympus, IX73, Japan). Representative photo-
graphs were captured. The red fluorescence-
positive cells were counted and the percentage
of necrotic cells was calculated.

Detection of apoptosis rate by flow cytometry

Cells in above 3 groups were washed with ice-
cold PBS twice, digested in trypsin (without
EDTA) and then collected. After centrifugation
at 2000 rpm for 5 min, the supernatant was
removed, and cells were re-suspended with 1
binding buffer. After addition of 5 pl of Annexin
V-FITC and 10 pl of PI, cells were incubated at
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Table 1. Sequences of primers used for gPCR

and the cell apoptosis rate was

Gene Primer sequence

Product size (bp)

calculated. At the same time, cells

B actin
Forward 5’-GATCAAGATCATTGCTCCTCCTGA-3’
Reverse 5’-CAGCTCAGTAACAGTCCGCC-3’
Fas
Forward 5’-ATGAGATCGAGCACAACAGC-3’
Reverse 5’-TTAAAGCTTGACACGCACCA-3’
FasL
Forward 5’-CACCAACCACAGCCTTAGAGTATCA-3’
Reverse 5’-ACTCCAGAGATCAAAGCAGTTCCA-3’
Caspase-3
Forward 5’-GAAAGCCGAAACTCTTCATCA-3’
Reverse 5’-ATAGTAACCGGGTGCGGTAT-3’
Caspase-8
Forward 5-TCCGGTGTTTTATAGTTCCGCT-3’
Reverse 5-GGGTAGGAGAGCTGTAACCTGT-3’

170

171

without incubation with Annexin
V-FITC and Pl served as a negative
control.

Detection of Fas, FasL, caspase-3

105 and caspasse-8 mRNA expres-

sion by quality real-time PCR
(qPCR)

PC12 cells were lysed with TRIzol
(Invitrogen, USA) following a stan-
dard protocol. According to the

155 protocol provided by the manufac-

turer (Promega, USA), total RNA (2
pg) was reverse-transcribed for

186 60 min at 42. The PC12 cells were

collected with TRIzol (Invitrogen,

Table 2. The concentrations of RNA

Group A260/280 Concentration (ng/ul)
0mM 1.82 736.8
1.85 753.4
1.75 689.6
0.5 mM 1.78 702.1
1.79 713.7
1.83 769.3
2 mM 1.88 801.6
1.73 689.4
1.84 784.2
1504
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Figure 1. Cell viability of PC12 cells treated with dif-
ferent concentrations of ropivacaine mesylate. 2D-
enotes P<0.05 vs control group, °denotes P<0.05 vs
0.1 mM RM group, °denotes P<0.05 vs 0.5 mM RM
group, “denotes P<0.05 vs 1 mM RM group, ¢denotes
P<0.05 vs 2 mM RM group.

4°C in dark for 10-20 min, followed by flow
cytometry. A total of 120000 cells were counted,
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USA) following a standard prot-
ocol, and the concentrations of
RNA in each group are shown in Table 2. gPCR
was performed using SYBR Green fluorescent
dye (GoTag® qPCR Master Mix, Promega, USA;
Applied Biosystems, USA). B-actin was used as
an internal control. Relative mRNA expression
was calculated based on the cycle threshold
values corrected for B-actin expression. Briefly,
a 20-ul reaction mixture containing 4 ul of
cDNA template, 10 pl of GoTag® qPCR Master
Mix, 5.2 ul of nuclease-free water, and 0.40 ul
of each primer was amplified under following
conditions: 95°C for 2 min, followed by 40
cycles of 95°C for 15 s and 60°C for 1 min. The
gPCR primers for Fas, FaslL, caspase-3, cas-
pase-8, and Pactin are shown in Table 1.
Fluorescence signals were measured, and the
Ct value were determined. 22T method was
employed to calculate the relative quantity of
target gene expression.

Detection of Fas, FasL and cleaved caspase-3
expression by western blotting

Total protein was harvested from PC12 cells
with lysis buffer, and protein concentration was
measured using a bicinchoninic acid (BCA) pr-
otein assay kit (Beyotime, China). Then, the pr-
otein extract was boiled for 5 minutes. Subse-
quently, 50 ug of protein was separated in ea-
ch sample by sodium dodecyl sulfate-polyacr-
ylamide (SDS) gel electrophoresis, and then
electrotransferred onto polyvinylidene difluor-
ide (PVDF) membranes. The PVDF membranes
were blocked with 5% non-fat milk in Tris-
buffered saline with Tween 20 (TBST) and then

Am J Transl Res 2019;11(3):1626-1634



Ropivacaine mesylate exerts neurotoxicity

Figure 2. The morphology of PC12 cells after treatment with different concentrations of ropivacaine mesylate. After
RM treatment, PC12 cells became round and shrunken with the disappearance of neurites. Magnification: 200x,

Scale = 50 um.

nal control) overnight at 4°C.
After rinsing, the PVDF me-
mbranes were incubated with
horseradish peroxidase (HRP)
conjugated anti-rabbit immu-
noglobulin (1:1000) for 1 h. Sp-
ecific proteins were detected
by enhanced chemilumines-
cence (Bio-rad, USA), and the
protein bands were quantifi-
ed with Image J software. The
expression of Fas, FaslL, and
cleaved caspase-3 was nor-
malized to that of o tubulin.

A Hoechst33342 Pl Merge

Data are presented as the
ab -
mean + standard deviation

(SD). Comparisons among gr-
oups were performed using
one-way analysis of variance
(ANOVA). All the experiments
were repeated at least 3 ti-
a mes, and a value of P<0.05
was considered statistically
significant.
Results

0 0.5 2 Cell viability of PC12 cells af-
RM concentration (mM) ter RM treatment
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Statistical analysis

@
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Figure 3. The cell necrosis. With the increase in the concentration of RM, The viability of untreated PC-
the necrotic cells increased. A. The necrotic cells in different groups were de- 12 cells was regarded as
tected after Hoechst33342/PI staining (200x, scale = 50 um). Pl: necrotic o .
cells; Hoechst33342: nucleus. B. Average fluorescence intensity (mean * 100%. After treatment with
SD), 2P<0.05 vs control group, ®P<0.05 vs 0.5 mM group. 0.1 mM, 0.5 mM, 1 mM, 2 mM
and 4 mM RM for 24 h, the

cell viability decreased to

immunoblotted with anti-Fas (1:1000), anti-Fa- 91.90 +1.75%, 87.03 + 1.70%, 75.50 + 2.31%,
sL (1:1000), anti-cleaved caspase-3 (1:1000), 54.18 + 2.64% and 38.44 + 1.99%, respec-
or anti-atubulin antibody (1:1000, as an inter- tively. Moreover, the reduction of cell viability
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0- group, °P<0.05 vs 0.5 mM group.
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RM concentration (mM)

after treatment with RM was dependent on the
concentration of RM (Figure 1).

Morphology of PC12 cells

Figure 2 shows the morphology of PC12 cells
after treated with different concentrations of
RM. After RM treatment, PC12 cells became
round and shrunken with the disappearance of
neurites. Moreover, most cells treated with RM
lost their cellular integrity as compared to con-
trol group.

Cell necrosis

As shown in Figure 3, with the increase in the
concentration of RM, the necrotic cells incr-
eased. Compared with control group, the ne-
crotic cells increased in the 0.5 mM RM group
and 2 mM RM group markedly (P<0.05). Com-
pared with 0.5 mM RM group, the necrotic cells
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increased in the 2 mM RM group significantly
(P<0.05).

Apoptosis rate

RM induced the apoptosis of PC12 cells. The
apoptosis rate of PC12 cells in control group
was 3.06 + 0.48%. After treatment with 0.5
mM RM and 2 mM RM for 24 h, the apoptosis
rate increased to 6.82 + 0.59% and 10.8 *
0.69%, respectively (Figure 4).

Expression mRNA of Fas, FasL, caspase-3 and
caspase-8

As shown in Figure 5, compared with control
group, the mRNA expression of Fas, FasL, cas-
pase-3 and caspase-8 increased significantly
in the 0.5 mM RM group and 2 mM group
(P<0.05). Compared with 0.5 mM RM group,
the mRNA expression of Fas, FasL, caspase-3

Am J Transl Res 2019;11(3):1626-1634
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Figure 5. The mRNA expression of Fas, FasL, caspase-3 and caspase-8 detected by qPCR (mean + SD). RM can
up-regulate the mRNA expression of Fas, FasL, caspase-3 and caspase-8. A. Fas mRNA expression. B. FasL mRNA
expression. C. Caspase-3 mRNA expression. D. Caspase-8 mRNA expression. 2P<0.05 vs control group, °P<0.05 vs

0.5 mM RM group.

and caspase-8 increased markedly in 2 mM
RM group (P<0.05). These indicate that RM can
up-regulate the mRNA expression of Fas, FasL,
caspase-3 and caspase-8.

Protein expression of Fas, FasL and cleaved
caspase-3

As shown in Figure 6, compared with control
group, the protein expression of Fas, FasL, and
cleaved caspase-3 increased significantly in
the 0.5 mM RM group and 2 mM RM group
(P<0.05). Compared with 0.5 mM group, the
protein expression of Fas, FaslL, and cleaved
caspase-3 increased markedly in the 2 mM RM
group (P<0.05). These indicate that caspase-3
is activated, suggesting that RM may induce
the apoptosis of PC12 cells by up-regulating
the expression of Fas/FasL.
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Discussion

With wide use of local anesthesia, the mecha-
nism and prevention of neurotoxicity of local
anesthetics have become a focus in current
researches [4, 17]. In the present study, neuro-
toxicity of RM was investigated in the adrenal
pheochromocytoma PC12 cells. The morpho-
logical, physiological, and biochemical func-
tions of PC12 cells are similar to those of nor-
mal neurons, and they have been widely used
in neurobiological and neurotoxicological stud-
ies [18, 19].

RM is usually used local anesthesia and pain
management. In our study, the cell viability of
PC12 cell treated with 2 mM RM for 24 h was
54.18 + 2.64%. This indicates that 2 mM RM is
able to significantly cause damage to PC12

Am J Transl Res 2019;11(3):1626-1634
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Figure 6. Fas, FasL, and cleaved caspase-3 protein expression detected by Western blotting (mean + SD). Cas-
pase-3 is activated, suggesting that RM may induce the apoptosis of PC12 cells by up-regulating the expression of
Fas/FasL. A. Protein band of Fas, FasL, cleaved caspase-3 and a-tubulin. B. Fas protein expression. C. FasL protein
expression. D. Cleaved caspase-3 protein expression. 2P<0.05 vs control group, °P<0.05 vs 0.5 mM group.

cells with acceptable cell necrosis. Thus, in the
following experiment, the highest concentra-
tion of RM was 2 mM. Our results showed that
RM induced PC12 cell injury and apoptosis in a
concentration dependent manner. The apopto-
sis rate and mRNA/protein expression of Fas
and FasL increased after treatment with 0.5
and 2 mmol/L RM for 24 h; at the same time,
the mRNA expression of caspase-3 and cas-
pase-8 and the protein expression of cleaved
caspase-3 increased, which indicates that RM
can increase the expression of Fas/FasL, and
then activate the caspase family to induce the
apoptosis of neurons, leading to nerve
damage.

The neurotoxicity of local anesthetics is related
to multiple factors, which has a complex sys-
tem. The mechanisms underlying the neurotox-
icity of local anesthetics vary among anesthet-
ics, but most are related to cell apoptosis [11,
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12]. Generally, apoptosis may execute in two
pathways: the death receptor pathway on cell
membrane and the mitochondrial pathway in
cells. The Fas/FasL pathway belongs to the de-
ath receptor pathway. Some investigators have
shown that local anesthetics can induce the
release of cytochrome ¢ and ROS from mito-
chondria, and then activate caspase-9 and ca-
spase-3, leading to neuronal apoptosis [15,
20]. Zheng et al. [21] found that a caspase-ind-
ependent apoptosis parthanatos was involved
in the ropivacaine induced SH-SY5Y cell injury,
accompanied by the activation of poly ADP-
ribose polymerase-1 (PARP-1), the release of
apoptosis-inducing factor (AIF) and the consu-
mption of nicotinamide adenine dinucleotide
(NAD"). Besides, CaMK Il [13, 14], Cav3.1 T-ty-
pe calcium and Cav3.3 T-type calcium [22, 23],
mitogen activated protein kinase (MAPK) [24,
25], phosphatidyl-3-kinase (PI3K) [26], serine-
threonine protein kinase B (PKB/Akt) [27], ade-

Am J Transl Res 2019;11(3):1626-1634
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nosine 5’-monophosphate (AMP)-activated pro-
tein kinase (AMPK) [28-30], and autophagy
[26, 31] are also involved in the neurotoxicity of
local anesthetics.

Of note, there were limitations in this study.
This was an in vitro study, and only the influ-
ence of RM was investigated in PC12 cells.
However, the in vivo environment of human
neurons is very complex, and Fas/FasL path-
way is not blocked; the role of Fas/FasL up-reg-
ulation in the neurotoxicity of RM is still unclear.
Studies have shown that p38 MAPK inhibitor
SB202190 is able to suppress the expression
of Fas and FasL in human neuroblastoma SK-N-
SH cells, indicating that p38 MAPK may be
important to up-regulate the expression of Fas/
FasL [32, 33]. Thus, whether the increased
Fas/FasL expression and neuronal apoptosis
after RM treatment is related to p38 MAPK is
unknown.

In summary, the present study suggests that
the neurotoxicity of RM is concentration dep-
endent. In addition, RM is able to up-regula-
te Fas/FasL mRNA and protein expression in
PC12 cells. These results provide new eviden-
ce for further exploration of the mechanisms
underlying the neurotoxicity of local anesthet-
ics, and for the prevention of nerve complica-
tions caused by local anesthetics.
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