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Abstract
Background: Ropivacaine hydrochloride (RH) is a local anesthetic and frequently used for perioperative
anesthesia and analgesia; but it has potential neurotoxicity, especially when intrathecally used repeatedly
for a long time, although the exact mechanism is unclear.

Methods: In this study, the expression of Factor associated suicide receptor (Fas) and its ligand (FasL) in
the spinal cord cells was detected in rats receiving repeated intrathecal injection of RH. The paw
mechanical withdraw threshold (MWT) was measured before and 3 days after intrathecal cannulation
and 24 h after intrathecal administration. Rats received intrathecal injection of 0.5%, 1%, 2% RH at 0.12
ml/kg or saline of equal volume alone. Intrathecal injection was done 8 times with an interval of 1.5h in
12 h. The spinal cord was collected for pathological examination; TUNEL staining was used to assess the
apoptosis in the spinal cord and the expression of Fas, FasL, caspase-3, and caspase-8 was detected by
qPCR and Western blotting.

Results: 1% and 2% RH groups signi�cantly increased the MWT (P<0.05) and more vacuoles or edema
was observed in the spinal cord after RH treatment. The apoptosis rates and expression of Fas, FasL,
caspase-3, and caspase-8 increased in the RH groups (P<0.05).

Conclusions: Repeated intrathecal administration of RH may cause damage to the spinal cord and induce
apoptosis in the spinal cord via up-regulating Fas/FasL expression.

1 Background
Ropivacaine hydrochloride (RH), as an amino amide local anesthetic (LA), is often used for perioperative
nerve blocks, epidural and spinal anesthesia, and pain management (1). However, some studies have
suggested that high dose LAs and long LAs exposure may cause symptoms of nerve injury such as
transient neurological syndrome (TNS) and cauda equina syndrome (CES) when they are intrathecally
used (2, 3). Most damages are transient and often subclinical, but some complications may induce
dyskinesia and sensory disorder (4). These complications are closely related to the neurotoxicity of LAs
(5, 6). After nerve injury, the recovery is a long process, and not effective preventive measures have been
developed for the nerve injury secondary to repeated intrathecal use of LAs (7).

Currently, the exact mechanism of LAs’ neurotoxicity remains unclear, and multiple signaling pathways
have been proposed, of which, apoptosis is a main pathophysiological mechanism (8, 9). The death
receptor pathway is a classical form of exogenous apoptosis, and factor associated suicide receptor
(Fas) and its ligand (FasL) play an important role in this pathway. Fas, also known as APO-1 / CD95, is a
member of the tumor necrosis factor (TNF) receptor family and widely expressed in a variety of cells and
tissues. Fas mainly functions to induce apoptosis and immune regulation (10, 11). Fas binding to FasL
can activate the Fas-associated death domain (FADD) and procaspase-8, which subsequently activates
caspase-3, ultimately leading to apoptosis.
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Fas and FasL can be expressed in the nervous system to induce apoptosis in the spinal cord injury(12);
Robins-Steele et al. found that intrathecal administration of soluble Fas receptors (sFas) could inhibit the
neuronal apoptosis after spinal cord injury (13). Our previous study con�rmed that ropivacaine induced
Fas/FasL expression in rat pheochromocytoma PC12 cells (14). However, it is unclear whether Fas / FasL
is involved in the neurotoxicity of LAs to the spinal cord.

In this study, rats were intrathecally administrated with RH at different concentrations, and the expression
of Fas/FasL and caspase related proteins was detected in the spinal cord, aiming to investigate whether
the Fas/FasL pathway is involved in the RH-induced neuronal apoptosis in the rat spinal cord.

2 Methods
Animals

Twenty-�ve healthy male Sprague-Dawley (SD) rats, weighing 200–300 g and aged 6–8 weeks, were
purchased from the Experimental Animal Center of the Hubei University of Medicine. The experiment was
approved by the Animal Ethics Committee of Xiangyang No.1 People’s Hospital. Rats were housed in an
environment at 22 ± 2 ℃ with the relative humidity of 50–60% and 12h:12 h dark-light cycle, and given
ad libitum access to food and water. Animals were allowed to accommodate to the environment for 1
week. All procedures performed in studies involving animals were in accordance with the ethical
standards of the institution or practice at the Animal Ethics Committee of the Hubei University of
Medicine (2018DW003).

Intrathecal catheterization and drug administration

Rats were intraperitoneally anesthetized with 10% chloral hydrate. According to published method (15), a
PE-10 catheter (inner diameter, 0.12 mm; outer diameter, 0.35 mm; Smith Medical, UK) was inserted
through the L4/L5 intervertebral space(depth: 2 cm) and �xed at the L1-L2 level. The cannulated rats
were observed for 3 days. Five rats developing neurological symptoms after cannulation were excluded
from this study.

The remaining twenty cannulated rats were randomly divided into 4 groups (n = 5 per group): Saline
group, 0.5% RH group, 1% RH group, and 2% RH group. According to the previously reported (16), rats
received intrathecal injection of 0.5%, 1%, 2% RH at 0.12 ml/kg (Hengrui, China) or saline of equal volume
alone through the catheter. Intrathecal injection was done 8 times with an interval of 1.5 h in 12 h. After
the last injection, rats in each group were observed for 24 h.

Behavioral assessment

The mechanical paw withdrawal threshold (MWT) was measured with the Electronic von Frey apparatus
(Bioseb, France). In brief rats were placed in a transparent plexiglass box with holes at the bottom to limit
the range of motion and animals were allowed to adapt to the environment for 15 min. Then, the von Frey
probe was used to directly stimulate the skin of the hind paw of the rat and the pressure increased
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gradually. When the rat had behavioral reactions such as raising, licking and screaming, the threshold
was recorded as the MWT. All rats were tested at 3-time points: before cannulation, 3 days after
cannulation, and 24 h after intrathecal administration. Each rat was tested 3 times with an interval of
15 min. The speci�c process of the experiment is shown in Fig. 1.

HE staining

Animals were euthanized by CO2 inhalation. The spinal cord tissues were collected at 24 h after the last
intrathecal injection. Tissues were embedded in para�n, then sectioned and stained according to the HE
kit instructions (Beyotime, China). The morphology of the spinal cord tissues was observed under a light
microscope (Olympus, IX73, Japan), and compared among groups.

TUNEL staining

The apoptosis of spinal cord tissue was detected by TUNEL staining (Roche, Germany) according to the
manufacturer’s instructions. After depara�nization, rehydration, and treatment with 3% H2O2 for 10 min
at room temperature, the sections were incubated with proteinase K (1:200 in Tris-buffered saline [TBS])
for 30 min at 37 °C and then treated with Triton-X100 (0.01%) for 20 min. The sections were subsequently
incubated with TdT and dUTP-digoxigenin in a humidi�ed chamber at 37 °C for 2 h, followed by three
washes in TBS. The sections were subjected to nuclear staining with DAPI and then observed under an
inverted �uorescence microscope (Olympus, IX73, Japan). 3 randomly selected �elds were selected from
the posterior horn in each section. The proportion of TUNEL positive cells was determined at a
magni�cation of 200x.

Quality real-time PCR (qPCR)

Total RNA was extracted using TRIZOL reagents (Invitrogen, USA) from the spinal cord tissues of rats.
The RNA extraction was done according to a standard protocol and then the RNA concentration was
determined by NanoPhotometry (Implen, Germany). Subsequently, 2 µg of RNA was reverse-transcribed
into cDNA according to manufacturer’s instructions (Promega, USA). The qPCR was performed using
SYBR Green �uorescent kit, and the reaction was performed in an ABI7500 Real-time PCR system
(Applied Biosystems, USA) with a cycle program as follows: denaturation for 2 min at 95 °C, 40 cycles of
95 °C for 15 s, and 60 °C for 1 min. The relative expression of a speci�c gene was cdetermined with the
2−△△CT method. GAPDH was used as an internal control, and the primer sequences used are shown in
Table 1.
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Table 1
Primers used for qPCR

Gene Primer sequence Product size (bp)

Fas   105

Forward 5'-ATGAGATCGAGCACAACAGC-3'  

Reverse 5'-TTAAAGCTTGACACGCACCA-3'  

FasL   242

Forward 5'-TTCCTGCGTGGTTTCTTC-3'  

Reverse 5'-CCATGTCCTTTCTACTTTGTCA-3'  

Caspase3   155

Forward 5'-GAAAGCCGAAACTCTTCATCA-3'  

Reverse 5'-ATAGTAACCGGGTGCGGTAG-3'  

Caspase8   186

Forward 5'-TCCGGTGTTTTATAGTTCCGCT-3'  

Reverse 5'-GGGTAGGAGAGCTGTAACCTGT-3'  

GAPDH   142

Forward 5'-GGCTACACTGAGGACCAGGTT-3'  

Reverse 5'-TGCTGTAGCCATATTCATTGTC-3'  

Western blotting

The spinal cord tissues were lysed with RIPA lysis buffer (Beyotime, China). Then the protein
concentration was determined with the bicinchoninic acid (BCA) protein assay kit (Beyotime, China).
50 µg of protein was separated in each sample by 10% SDS polyacrylamide gel electrophoresis and then
transferred onto a nitrocellulose (NC) membranes. After blocking in 5% milk in TBST for 1 h at room
temperature, the membranes were incubated with primary antibodies against Fas (1:1000), caspase-3
(1:1000), and α-tubulin (1:1000) (Proteintech, China) or FasL (1:1000) (Servicebio, China) overnight at
4 °C. Then the membranes were incubated with horseradish-peroxidase-conjugated secondary antibodies
(1:5000) (Cell Signaling, USA). Speci�c proteins were visualized using a chemiluminescence detection
system, and the protein bands were quanti�ed with the Image Lab software. The expression of Fas, FasL,
and cleaved caspase-3 was normalized to that of α-tubulin as an internal reference.

Statistical analysis
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All assays were performed at least in triplicate, and the data are presented as mean ± standard deviation
(SD). When compared between groups the data were analysed with the t test, one-way ANOVA followed
by post hoc Turkey test by SPSS software (version 25.0, IBM, USA). A value of P < 0.05 was considered
statistically signi�cant.

3 Results
The MWT of rats was increased by repeated intrathecal RH

The MWT at 3 days after intrathecal catheterization was similar to that before intrathecal catheterization
(Fig. 2A, 2B; P > 0.05), but 1% and 2% RH groups had signi�cantly higher MWT as compared to the saline
group at 24 h after intrathecal administration (P < 0.05).

Repeated intrathecal RH affected the morphology of spinal cord

HE staining showed the spinal cord structure in each group was relatively complete. In the saline group,
there were no morphological abnormalities. The mild edema of the posterior horn was observed in the
spinal cord of 0.5% RH group, and signi�cant edema was noted in the 1% and 2% RH groups. In addition,
some vacuoles and nuclear membranes dissolution were observed in the spinal cord after repeated
intrathecal use of RH (Fig. 3).

RH induced apoptosis in the spinal cord

The results showed a few apoptotic cells in the saline group. However, a lot of apoptotic cells were
observed in the posterior horn of the spinal cord of RH groups (0.5%, 1% and 2%) (Fig. 4A). Compared
with the saline group, the proportion of apoptotic cells in the posterior horn increased with the increase in
the RH concentration (Fig. 4B, 4C; P < 0.05).

RH up-regulated mRNA expression of Fas, FasL, Caspase-8, and Caspase-3 in the spinal cord

As shown in Fig. 5A, 5B, 5C, the mRNA expression of Fas, FasL and caspase-8 increased signi�cantly in
RH groups (0.5%, 1%, 2%) compared with saline group (P < 0.05). There was no statistical difference
between 0.5% RH group and saline group in the caspase-3 mRNA expression (P > 0.05), but caspase-3
mRNA expression in the 1% and 2% RH groups was signi�cantly higher than in the saline group (Fig. 5D;
P < 0.05).

RH increased protein expression of Fas, FasL, and cleaved caspase-3 in the spinal cord

Results showed intrathecal administration of RH at different concentrations (0.5%, 1% and 2%) for 12 h
signi�cantly increased the protein expression of Fas, FasL, and cleaved caspase-3 as compared to the
saline group (Fig. 6; P < 0.05).

4 Discussion
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Nerve injury is a complication of peripheral nerve blocking and spinal anesthesia. There are many factors
related to the nerve injury, such as the high concentration LAs and inaccurate puncture for anesthesia.
Increasing evidence shows that the neurotoxicity of LAs is an important risk factor to the nerve injury (17,
18). RH is frequently used in the epidural and spinal anesthesia. Compared with bupivacaine, RH can
provide a good analgesic effect with less motor blockade. However, like other LAs, neurotoxicity of RH
has been reported in some kinds of animal and cell experiments, and it is closely related to the nerve
injury in some cases. However, the exact mechanism of RH neurotoxicity after intrathecal use is currently
unclear, and no effective measures have been developed to prevent the nerve injury caused by RH.

In the present study, rats received repeated intrathecal administration of RH at different concentrations
for 12 h, and the apoptosis in the spinal cord was assessed at 24 h after RH exposure. Our results
showed rats treated with 1% or 2% RH developed symptoms of nerve injury, manifested by an increased
MWT. Morphologically, edema and vacuolization increased in the posterior horn of the spinal cord after
RH treatment, and the apoptosis rate of the spinal cord elevated with the increase in the RH
concentration. This suggests that RH at a high concentration is more likely to induce apoptosis in the
spinal cord and symptoms of nerve injury such as paresthesia, which is consistent with the relationship
between LA concentration and incidence of nerve injury in the clinical practice (19). Moreover, the
expression of Fas and FasL was up-regulated after RH administration, and the expression of caspase-3
and caspase-8 increased. It indicates that the Fas / FasL pathway is involved in RH induced neuronal
apoptosis in the rat spinal cord, which is related to the neurotoxicity of RH.

Apoptosis has been proposed as an important mechanism of LA’s neurotoxicity (20). Recent studies have
shown that LAs can induce apoptosis through a variety of pathways. In addition to the Fas/FasL
pathway, some investigators have reported that RH can reduce the mitochondrial membrane potential of
human neuroblastoma SH-5Y5Y cells, which decreases the cytochrome C activity and ATP production,
thereby activating caspase-3 to induce apoptosis (21). Niu et al. revealed that RH reduced the expression
of major mitochondrial regulator peroxisome proliferator-activated receptor gamma coactivator 1-alpha
(PGC-1a) and its downstream transcription factors, then inducing the loss of mitochondrial function (22).
Zheng et al. found RH induced poly-ADP ribose polymerases-1 (PARP-1) activation and nicotinamide
adenine dinucleotide (NAD+) depletion in the SH-SY5Y cells, and induced PARP-1-dependent cell death
via apoptosis (23). The study of Wang et al. showed that the miR-210 expression increased after
bupivacaine treatment, and miR-210 could target the 3'UTR region of the neurotrophic factor brain-derived
neurotrophic factor (BDNF), eventually inducing apoptosis (24). In addition to inducing apoptosis, LAs
can also induce neurotoxicity by interfering with autophagy (25) and neuroin�ammation (26).

Available studies have demonstrated the role of Fas/FasL in the apoptosis following spinal cord injury,
and our study also showed Fas/FasL was involved in the neurotoxicity of RH. The expression of
Fas/FasL was regulated via multiple signaling pathways (27, 28), and the speci�c mechanism by which
LAs up-regulate Fas/FasL expression is still poorly understood. Sujan et al. revealed that the p38MAPK-
p53-Fas-Caspases pathway played an important role in the regulation of anti-neoplastic activity of S-allyl
cysteine (SAC) (29). Wang et al. found regulating p38 MAPK expression by siRNA technology
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signi�cantly reduced the Fas expression in the neurons such as rat pheochromocytoma PC12 cells and
human glioma U87 cells (30). These results suggest that p38 MAPK/p53 may be an important molecular
basis for the up-regulated Fas expression. Whether the p38MAPK-p53 signaling pathway is involved in
the up-regulation of Fas/FasL expression in the rat spinal cord after RH is warranted to be further studied.

5 Conclusions
In summary, our study suggests that repeated intrathecal RH administration can induce symptoms of
neurological damage, which may be related to the apoptosis in rat spinal cord via an Fas/FasL
dependent manner. Our �ndings provide an experimental basis for the prevention and treatment of
complications of LA neurotoxicity.
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Figures

Figure 1

Experimental groups and protocol. Schematic diagram of the four groups of rats exposed to different
treatments.

Figure 2

Mechanical paw withdrawal threshold (MWT) of rats in groups at different time points. A. MWT was
measured before intrathecal catheterization. B. MWT was measured at 3 days after intrathecal
catheterization. C. MWT was measured at 24 h after intrathecal administration. * P<0.05, **P<0.01 vs
saline group.
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Figure 3

Pathological changes in the spinal cord after intrathecal administration of RH. Vacuoles and interstitial
edema were found in the spinal cord of rats treated with RH (40×, scale = 200 µm).
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Figure 4

Apoptosis in the spinal cord. TUNEL staining of the spinal cord in each group, A. Morphology at a low
magni�cation (40×, scale = 500 µm). B. Morphology at a high magni�cation (200×, scale = 50 µm); DAPI:
nucleus, TUNEL: apoptosis cells. C. Apoptosis rate of each group (mean ±SD). *P<0.05, **P<0.01,
***P<0.001 vs saline group.
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Figure 5

mRNA expression of Fas, FasL, caspase-3, and caspase-8 in the spinal cord (quality real-time PCR) (mean
± SD). A. Fas mRNA expression. B. FasL mRNA expression. C. Caspase-3 mRNA expression. D. Caspase-8
mRNA expression. *P<0.05, **P<0.01, ***P<0.001 vs saline group.
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Figure 6

Protein expression of Fas, FasL, caspase-3, and cleaved-caspase-3 in the spinal cord (Western blotting)
(mean ± SD). A. Protein band of Fas, FasL, cleaved caspase-3 and α-tubulin. B. Quanti�cation of Fas,
FasL, cleaved caspase-3 and α-tubulin protein expression. *P<0.05, **P<0.01 vs Saline group.
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