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Abstract: Objective: To investigate the effects of intrathecal anesthesia with bupivacaine, levobupivacaine and 
ropivacaine hydrochloride at different doses on the spinal cord, nerve roots and cerebrospinal fluid (CSF) in dogs. 
Methods: Forty-two mongrel dogs were randomly divided into normal saline group (C; 2 ml), 0.5% (B1) and 0.75% 
(B2) bupivacaine hydrochloride groups (2 ml), 0.5% (L1) and 0.75% (L2) levobupivacaine hydrochloride group (2 ml), 
0.5% (R1) and 0.75% (R2) ropivacaine hydrochloride group (2 ml), and drugs were intrathecally injected. Results: The 
contents of Ca2+ and MDA and SOD activity of the spinal cord were comparable among groups (P > 0.05). In Groups 
B1, L1 and R1, the neuronal cytoplasm of spinal tissues was basically normal, the majority of mitochondria and en-
doplasmic reticulum had complete structure, and the lamellar structure of modulated fibers was nearly normal. In 
Groups B2, L2 and R2, a small amount of mitochondrial vacuolar degeneration was found in the neuronal cytoplasm 
of spinal cord, but their structures were basically normal; the neural tissues exhibited focal mild edema, and most 
of the lamellar structure of modulated fibers and Schwann cells were nearly normal except for loose structure in 
several fibers and cells. Conclusion: When compared with 0.75% anesthetics for local anesthesia, the early adverse 
effects on the ultrastructure of the spinal cord and nerve root reduce after focal anesthesia with 0.5% anesthetics.
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Introduction 

Intrathecal injection of local anesthetics has 
been widely used in the clinical anesthesia, 
analgesia and treatment of post-operative acu- 
te and chronic pain. In recent years, with the 
increased use of combined spinal epidural 
anesthesia and regional nerve block, the com-
plications of intrathecal anesthesia is also 
increasing, and thus the spinal neurotoxicity of 
local anesthesia has attracted increasing 
attention. A lot of studies show that subarach-
noid block may occasionally cause transient 
neurological syndrome (TNS) and caudal equi-
na syndrome (CES), but permanent nerve motor 
and sensory dysfunction causes life-long suf-
fering to patients. Meta-analysis and evidence-
based medicine show more than half of neuro-
logical symptoms are caused by the local 
anesthetic toxicity [1-5]. Therefore, the system-
atic study of local anesthetic neurotoxicity on 
the spinal cord has great clinical importance.

Bupivacaine is the most commonly used amide 
class of local anesthetics, and has been widely 
used in the spinal anesthesia and nerve block. 
It has a long half-life, and can block the sensory 
or motor nerves depending on it concentration. 
However, it has toxicity to the heart and nervous 
system, and intravenous administration or over-
dose of bupivacaine may lead to local anesthet-
ic poisoning, manifested as cardiac toxicity, su- 
ch as arrhythmias, conduction block, and seri-
ous or even sudden cardiac arrest. Ropivacaine 
and levobupivacaine is a new generation of new 
long-acting amide local anesthetics. Studies 
have shown that when compared with racemic 
bupivacaine, ropivacaine and levobupivacaine 
not only retain the effective time and intensity 
and achieves a better sensory and motor block 
separation, but have little central nervous and 
cardiac toxicity. Thus, in clinical practice, their 
application increases and there is a tendency of 
replacing bupivacaine by ropivacaine and levo- 
bupivacaine [6, 7].
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The advocacy of safe anesthesia practice has 
raised great concern regarding the local-anes-
thetic-related neurotoxicity, which is a common 
issue for all of local anesthetics currently used 
in clinical practice. With the development and 
innovation in the field of local anesthetics, the 
understanding of local-anesthetic-related neu-
rotoxicity becomes in-depth. Available studies 
suggest that the local-anesthetic-induced neu-
rotoxicity to the spinal cord is associated with 
the direct/indirect damages exerted by local 
anesthetics, as well as the subsequent varia-
tion in the intra-cellular Ca2+ concentration; in 
addition, the anesthetic concentration, dose, 
drug type and other factors are also associated 
with the neurotoxicity [8, 9]. In the present 
study, bupivacaine hydrochloride, levobupiva-
caine hydrochloride and ropivacaine hydrochlo-
ride at different concentrations or doses were 
independently injected into the subarachnoid 
spaces in dogs, and the effects of local anes-
thetics on the ultrastructure of the spinal cord 
and nerve roots and on the biochemistry of 
canine cerebrospinal fluid were investigated, 
aiming to evaluate the local-anesthetic-induced 
neurotoxicity to the spinal cord. Our findings 
may provide theoretical evidence for the ratio-
nal application of anesthetics in clinical pra- 
ctice.

Materials and methods

Animals and grouping

A total of 42 healthy mongrel dogs of either sex 
(age: 4-8 months; weight: 12-15 kg) were pro-
vided by the Laboratory Animal Center of 
Ningbo University (Batch No: H20050021). 
This study was carried out in strict accordance 
with the recommendations in the Guide for the 
Care and Use of Laboratory Animals of the 
National Institutes of Health. The animal use 
protocol had been reviewed and approved by 
the Institutional Animal Care and Use Com- 
mittee (IACUC) of Gongli Hospital in Pudong 
New District of Shanghai. Dogs were randomly 
divided into 7 groups (n = 6 per group). In con-
trol group (C), animals were received injection 
of 2 ml of normal saline into the cavum sub-
arachnoidale. In Group B1, 2 ml of 0.5% bupiva-
caine-HCl (10 mg) was injected into the cavum 
subarachnoidale. In Group B2, 2 ml of 0.75% 
bupivacaine-HCl (15 mg) was injected into the 
cavum subarachnoidale of the dogs. In Group 
L1, 2 ml of 0.5% levobupivacaine-HCl (10 mg) 

was injected into the cavum subarachnoidale. 
In Group L2, 2 ml of 0.75% levobupivacaine-HCl 
(15 mg) was injected into the cavum subarach-
noidale. In Group R1, 2 ml of 0.5% ropivacaine-
HCl (10 mg) was injected into the cavum sub-
arachnoidale. In Group R2 2 ml of 0.75% ropiva- 
caine-HCl (15 mg) was injected into the cavum 
subarachnoidale.

Establishment of animal models

Animals were fasted for 12 h before anesthe-
sia. Basal anesthesia was induced with intra-
muscular injection of ketamine (20 mg kg-1) and 
atropine (0.05 mg kg-1). An access to the vein of 
a forelimb was made, and Ringer’s lactate solu-
tion was infused at 20 ml kg-1 h-1. Endotracheal 
intubation was performed for mechanical venti-
lation via a Dräger Julia anesthesia machine 
(Germany) with dynamic regulation of the respi-
ratory parameters and the PETCO2 was main-
tained between 30 and 40 mmHg. The anes-
thesia was maintained via continuous infusion 
of fentanyl and vecuronium bromide combined 
with intermittent inhalation of isoflurane th- 
roughout the experiment. After a neck incision 
was made, the right arteria carotis interna was 
exposed and annulated by using a 20 G needle 
connected the Philips MP60 monitor (America), 
followed by monitoring of hemodynamic param-
eters. Animals lied in a lateral position, and 
after routine removal of the back hair and ster-
ilization, an incision was made at the supra- 
and inter-spinous ligaments at L3-L4. A 5 G 
nylon needle was used for subarachnoid punc-
ture via a flexed position. When CSF was 
observed, normal saline (NS) or local anesthet-
ics were injected within 20 s.

Parameters monitoring

1) The hemodynamic parameters (SBP, DBP, 
MAP and HR) in different groups were moni-
tored and recorded at 7 time points (including 
before and at 10 min, 20 min, 30 min, 60 min, 
120 min and 180 min after intrathecal admin-
istration). 2) The arterial blood gases (pH, PaO2 
and PaCO2), blood electrolytes (K+, Na+ and Cl-), 
CSF partial pressure of oxygen (PO2) and CSF 
lactic acid were also detected in different 
groups at 4 time points (before and at 1 h, 2 h 
and 3 h after intrathecal administration). 3) At 3 
h after intrathecal administration, animals were 
sacrificed by air injection. After exposure of 
canalis spinalis, the spinal cord at L1-L2 was col-
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lected. These tissues were washed with deion-
ized water three times, dried with filters and 
stored at -70°C (America Forma) for use. The 
Ca2+ content of the spinal cord was measured 
by atomic absorption spectrometry (aas); after 
homogenation of the spinal cord, SOD activity 
and MDA content were determined with xan-
thine oxidase method and thiobarbituric acid 
(TBA) method. 4) The spinal dorsal horn at L1-L2 
and nerve root (cauda equina) were collected 
randomly and fixed in 3% glutaraldehyde phos-
phate buffer, followed by embedding. Then 
transmission electron microscopy (Japan) was 
done to evaluate the change in the ultrastruc-
ture of neurons in the spinal cord and nerve 
root at early stage. The scoring of these ultra-
structures was done in a blind manner. The cri-
teria for scoring were as follows [10]: 0, 1, 2, 3 
and 4 represent the absence of change, very 
mild change, minor change, moderate change 
and significant change. The vacuolization or 
degeneration of nerve cells was evaluated in 
10 randomly selected nerve cells, and the 
score of 0 represents basically normal or mildly 
degenerated mitochondria and endoplasmic 
reticulum; 1 represents cristae loss in about 
1/5 mitochondria and/or mild swelling and 
expansion of endoplasmic reticulum as well as 
vacuolation or degeneration in some cells; 2 

represents cristae loss in about 2/5 mitochon-
dria and/or moderate swelling and expansion 
of endoplasmic reticulum as well as vacuola-
tion or degeneration in 1/5~2/5 mitochondria; 
3 represents cristae loss in about 50% mito-
chondria and/or expansion of endoplasmic 
reticulum as well as vacuolation or degenera-
tion in 3/5 mitochondria; 4 represents cristae 
loss and vacuolation or degeneration in 50%-
100% mitochondria as well as moderate to 
severe expansion of endoplasmic reticulum.

Statistical analysis

Data were expressed as mean ± standard devi-
ation (

_
x  ± s), and SPSS version 13.0 was used 

for statistical analysis; rank sum test was 
employed for inter-group comparisons of scores 
among groups; ANOVA and t test were adopted 
for comparisons of quantitative data, and a 
value of P < 0.05 was considered statistically 
significant.

Results

Characteristics at baseline

There were no significant differences in the 
body weight, gender, age, anesthesia time, 

Table 1. Change in Lac of CSF (
_
x  ± s, n = 6, mmol·L-1)

Groups Before intrathecal 
administration

1 h after intrathecal 
administration

2 h after intrathecal 
administration

3 h after intrathecal 
administration

C 1.33 ± 0.14 1.34  ±  0.16 1.35 ± 0.18 1.44 ± 0.28
B1 1.36 ± 0.17 1.40 ± 0.21 1.43 ± 0.23 1.59 ± 0.26
B2 1.34 ± 0.12 1.38 ± 0.18 1.41 ± 0.24 1.67 ± 0.25
L1 1.35 ± 0.15 1.39 ± 0.17 1.43 ± 0.21 1.64 ± 0.27
L2 1.37 ± 0.19 1.42 ± 0.20 1.44 ± 0.24 1.57 ± 0.29
R1 1.34 ± 0.13 1.36 ± 0.22 1.39 ± 0.19 1.43 ± 0.21
R2 1.36 ± 0.14 1.39 ± 0.17 1.41 ± 0.23 1.44 ± 0.18

Table 2. Change in PO2 of CSF (
_
x  ± s, n = 6, mmHg)

Groups Before intrathecal 
administration

1 h after intrathecal 
administration

2 h after intrathecal 
administration

3 h after intrathecal 
administration

C 98.63 ± 5.23 97.38 ± 4.26 97.53 ± 4.47 98.47 ± 0.44
B1 97.52 ± 4.35 95.64 ± 3.68 95.89 ± 4.12 96.74 ± 0.49
B2 98.78 ± 5.86 97.62 ± 4.26 97.78 ± 4.35 98.34 ± 4.56
L1 96.83 ± 5.75 95.78 ± 4.87 96.45 ± 4.21 96.55 ± 4.78
L2 97.82 ± 5.63 96.13 ± 4.52 96.47 ± 4.13 97.45 ± 4.35
R1 97.43 ± 5.78 96.32 ± 4.78 95.67 ± 3.99 97.12 ± 4.24
R2 98.45 ± 6.37 95.48 ± 5.45 95.23 ± 4.87 96.57 ± 5.32
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intraoperative fluid volume and urine volume 
among groups (P > 0.05).

Hemodynamic changes

No significant differences were observed found 
in the SBP, DBP, MAP and HR after anesthesia 
as compared to those before anesthesia (P > 
0.05). In Group C, hemodynamics was stable 
after intrathecal anesthesia (P > 0.05). In a few 
animals, a decrease in BP and an increase in 
HR were observed at 5-10 min after intrathecal 
anesthesia, but BP returned to baseline level 
after rapid transfusion and/or intravenous 
injection of 6-10 mg of ephedrine.

Arterial blood gases (ABG) and electrolytes

The PaO2, PaCO2 and pH were comparable in 
among groups before anesthesia (P > 0.05). At 
different time points after intrathecal anesthe-
sia, PaO2, PaCO2 and pH remained similar 
among groups (P > 0.05). Furthermore, no sig-
nificant differences were found in plasma K+, 
Na+ and Cl- among groups before and after 
administration (P > 0.05).

PO2 and Lac of cerebrospinal fluid

The PO2 and Lac of the cerebrospinal fluid 
remained stable after intrathecal anesthesia in 
each group (P > 0.05), and were comparable 
among groups at different time points after 
intrathecal anesthesia (P > 0.05) (Tables 1 and 
2).

Ca2+ and MDA contents and SOD activity

No significant differences were found in the 
Ca2+ and MDA contents and SOD activity of the 
spinal cord among groups (P > 0.05) at 3 h 
after intrathecal administration (Table 3).

ture, and the lamellar structure of medullated 
fibers was nearly normal; in Group B2, L2 and R2, 
a small amount of mitochondrial vacuolar 
degeneration were found in the neuronal cyto-
plasm of spinal cord, and their structures were 
basically normal; the neural tissues exhibited 
focal mild edema, and most of the lamellar 
structure of medullated fibers and Schwann 
cells were nearly normal, but loose structure 
was observed in several cells (Figures 1, 2). 
The scores of ultrastructures of neuronal cyto-
plasm, gray matter, myelin sheath, inner and 
outer axolemma and nerve root are shown in 
Table 4.

Discussions

As three of the most commonly used long-act-
ing amide local anesthetics, bupivacaine hydro-
chloride, levobupivacaine and ropivacaine are 
widely used for nerve block, intrathecal block, 
labor analgesia and so on. However, the safety 
of spinal anesthesia (especially spinal neuro-
toxicity) has been of great concern for a long 
time. The neurological and cardial toxicity of 
bupivacaine is mainly found in dextroisomer; 
but the toxicity of levobupivacaine, a levo form 
of bupivacaine, is lower than that of bupiva-
caine, and thus the safety of anesthesia 
improves greatly. Ropivacaine, a pure S-type 
enantiomorph, has certain advantages in clinic 
application due to weaker anesthesia efficacy 
[5], lower nervous centralis and cardial toxicity, 
better separation and block of sensory and 
motor nerve as compared to above two anes-
thetics [4, 11].

Local anesthetics enter into the Obersteiner-
Redlich zone (OR zone) of the spinal cord along 
the dorsal roots of spinal nerves in the sub-
arachnoid space and diffuse to the distal spinal 
cord. There is no myelin sheath in the nerve 

Table 3. Change in contents of Ca2+ and MDA and 
SOD activity of spinal tissue (

_
x  ± s, n = 6)

Groups Ca2+ (μg·g-1) MDA (nmol·mg-1) SOD (NU·mg-1)
C 48.36 ± 6.25 5.59 ± 0.34 143.83 ± 6.87
B1 50.32 ± 5.67 6.25 ± 0.78 138.45 ± 5.43
B2 52.45 ± 5.28 6.78 ± 0.86 135.74 ± 6.78
L1 51.47 ± 6.78 6.27 ± 0.59 139.36 ± 5.87
L2 53.78 ± 7.14 6.72 ± 0.53 136.89 ± 6.64
R1 50.21 ± 5.78 6.34 ± 0.46 140.35 ± 4.98
R2 52.21 ± 4.89 6.54 ± 0.73 138.46 ± 5.45

Early ultrastructure

In Group C, the ultrastructure of the spinal 
cord was normal, and multiple structurally 
normal mitochondria and rough endoplasmic 
reticulum were found in the neuronal cyto-
plasm with complete envelope of mitochon-
dria and clearly visible ridge, as well as inte-
grated and clear medullated fibers myelin 
sheath. In Groups B1, L1 and R1, the neuronal 
cytoplasm of spinal cord was basically nor-
mal, the vast majority of mitochondria and 
endoplasmic reticulum had complete struc-
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fibers of this zone. The neurotoxicity of local 
anesthetics occurs here first, followed by the 
dorsal white matter and grey matter. The fea-
tures of local anesthetics are as follows: 1) 
Injury is restricted to OR zone, but the dorsal 
white matter may be also involved; 2) The ven-
tral roots or anterior angle of the spinal nerves 
are not affected; 3) Most of the injuries are 
reversible damages to the sensory function. If 
the concentration of local anesthetics is high 
enough, the motor function may be affected 
[12, 13]. The specific mechanism of local-anes-
thetics-related neurotoxicity is still unclear, wh- 
ich is resulted from multipath or multichannel-
midiated effects. The local-anesthetics-related 
neurotoxicity may be explained as follows: a. 
The concentration of Glu in CSF increases after 
intrathecal injection of local anesthetics, which 
causes damage to nerves [14]; b. Local anes-

thetics have the features similar to detergent 
with the capability of molecular aggregation to 
cause damage to nerve cell membrane [15]; c. 
Long-term exposure to local anesthetics at a 
high concentration can lead to reduction in the 
blood supply to the spinal nerve and spinal 
cord, and neurotoxicity may be related to the 
ischaemia of spinal nerves [16]. Some studies 
have shwon that the local-anesthetic-related 
neurotoxicity is associated with the hypoxic 
damage to neurons [17]. d. Mitogen-activated 
protein kinases (MAPKs) play an important role 
in the signal transduction, and the activation of 
MAPKpathway is associated with the local-
anesthetic-related neurotoxicity. It has been 
proven that the members of MAPK subfamily 
(Serine/threonine protein kinase B [Akt], extra-
cellular signal regulated kinases [ERKs] and 
p38MAPK, etc) are related to the neurotoxicity 

Figure 1. Electronic microscopy showed the ultrastructure of the spinal cord in each group (double-staining with 
uranyl acetate and lead citrate, ×12000). C: Normal saline group; B1: 0.5% bupivacaine hydrochloride group; B2: 
0.75% bupivacaine hydrochloride group; L1: 0.5% levobupivacaine hydrochloride group; L2: 0.75% levobupivacaine 
hydrochloride group; R1: 0.5% ropivacaine hydrochloride group; R2: 0.75% ropivacaine hydrochloride group.

Figure 2. Electronic microscopy showed the ultrastructure of the nerve root in each group (double-staining with 
uranyl acetate and lead citrate, ×5000). C: Normal saline group; B1: 0.5% bupivacaine hydrochloride group; B2: 
0.75% bupivacaine hydrochloride group; L1: 0.5% levobupivacaine hydrochloride group; L2: 0.75% levobupivacaine 
hydrochloride group; R1: 0.5% ropivacaine hydrochloride group; R2: 0.75% ropivacaine hydrochloride group.
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[18, 19]. It is associated with the mitochondrial 
dysfunction due to the activation of mitochon-
dria-mediated apoptosis pathway such as 
release of cytochrome C, asymmetric structure 
of phospholipid membrane and activation of 
Caspase family members [20, 21]. f. Studies 
[22] have confirmed that the increase in intra-
cellular Ca2+ concentration is associated with 
the local-anesthetic-related neurotoxicity, but it 
is not the only mechanism. g. AMP-activated 
protein kinase (AMPK) mediates the production 
of reactive oxygen species (ROS). Apoptosis of 
nerve cells under oxidative stress may be one 
of mechanisms for the local-anesthetic-related 
neurotoxicity [23]. h. Delayed nerve damage is 
associated with the deficiency of neurotrophic 
factors in neurons, and local anesthetics can 
interfere with the axonal transport of neuro-
trophic factors, leading to elayed nerve damage 
[24].

Lac is an end-product of sugar anaerobic gly-
colysis. The concentration of Lac in CSF mainly 
reflects the state of sugar anaerobic glycolysis 
of the central nervous system, and may also 
indirectly reflect the metabolism of the spinal 
cord. Lips et al [25] confirmed in animal experi-
ments that PO2 of CSF was sensitive to the spi-
nal cord ischemia and could be used to monitor 
the oxygenation of local spinal cord timely. 
Therefore, PO2 of CSF may serve as an indicator 
for the monitoring of spinal cord ischemia. In 
the present study, the metabolization and isch-
emia level of spinal cord and nerve roots was 
evaluated on the basis of concentration of Lac 
in and PO2 of CSF. Results showed that three 
local anesthetics at used concentrations and 
doses did not cause significant hypoxic-isch-
emic injury to the spinal cord and nerve roots.

Studies have shown that oxygen free radicals 
and lipid peroxidation of cell membrane play an 
important role in the pathophysiologic process 
of spinal cord injury (SCI) [26, 27]. MDA is the 
end product of lipid peroxidation. The content 
of MDA indirectlyreflects the amount of free 
radicals. As an endogenous oxygen free redical 
scavenger, SOD has an anti-oxidive effect by 
catalyzing the dismutation of superoxide anion. 
MDA and SOD are now generally accepted as 
indexes reflecting the formation of oxygen free 
radicals and the degree of lipid peroxidation. In 
this study, the MDA content and SOD activity 
were compared among groups, but there were 
no significant differences, suggesting that the 
oxidation and anti-oxidation were similar among 
various groups and three local anesthetics at 
above-mentioned concentrations and doses 
fail to cause direct oxidative injury to the spinal 
cord. In addition, Xu et al [28] found that multi-
ple and intermittent intrathecal injections of 1% 
ropivacaine changed the MDA content and SOD 
activity, suggesting the apoptosis of neurons, 
which may be related to the concentration of 
local anesthetics and the exposure time of 
nerves to local anesthetics.

It has been proposed that the intracellular cal-
cium overload is also an important cause of 
local-anesthetic-induced injury to the spinal 
cord and nerve roots. After spinal cord isch-
emia, ATP stored in cells is exhaustive, and 
thereby, the concentration of Ca2+ in the mito-
chondria increases because Ca2+ cannot be 
removed out of the cytoplasm, causing mito-
chondrial injury and dysfunction; activated Ca2+ 
also promotes the production of a large amount 
of oxygen-free radicals causing neurotoxicity. In 

Table 4. Scores of ultrastructures of spinal cord and nerve root (n = 6)

Groups

Vacuolar degeneration 
in neuronal cytoplasmic 

(score)

Vacuolization 
in gray matter 

(score)

Rupture of myelin 
(score)

Clarity of inner and 
outer membrane 

(score)

Vacuolar degeneration 
in nerve root (score)

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
C 6 0 0 0 0 6 0 0 0 0 6 0 0 0 0 6 0 0 0 0 6 0 0 0 0
B1 6 0 0 0 0 5 1 0 0 0 6 0 0 0 0 6 0 0 0 0 5 1 0 0 0
B2 4 2 0 0 0 4 1 1 0 0 5 1 0 0 0 4 1 1 0 0 4 1 1 0 0
L1 6 0 0 0 0 5 1 0 0 0 6 0 0 0 0 6 0 0 0 0 5 1 0 0 0
L2 5 1 0 0 0 5 1 0 0 0 5 1 0 0 0 5 1 0 0 0 5 1 0 0 0
R1 6 0 0 0 0 5 1 0 0 0 6 0 0 0 0 6 0 0 0 0 5 1 0 0 0
R2 5 1 0 0 0 5 1 0 0 0 5 1 0 0 0 5 1 0 0 0 5 1 0 0 0
Scoring criteria: 0 = Normal; 1 = Very mild change; 2 = Mild changes; 3 = Moderate changes; 4 = Significant 
changes.
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addition, the increased intracellular Ca2+ leads 
to an increased release of excitatory amino 
acid (e.g., Glu), aggravating the spinal cord 
damage. However, SU et al [29] speculated that 
lidocaine can directly act on microglial cells and 
inhibit the increase in intracellular Ca2+, indicat-
ing that lidocaine does not necessarily or indi-
rectly cause the increase in intracellular Ca2+. 
No significant change was found in the concen-
tration of Ca2+ in the spinal cord of each group 
in this study, which may involve the types, con-
centrations and doses of local anesthetics and 
exposure time of nerves to local anesthetics 
different from previous studies. The specific 
mechanism is needed to be studied further.

Study in which ropivacaine at different concen-
trations and doses was injected into subarach-
noid space showed that the specimens in 0.5% 
ropivacaine group was basically normal under 
an electron microscope, while abnormalities 
were found in 1% ropivacaine group: layered 
nerve fiber myelin sheath, rupture of partial 
myelin sheath, swollen mitochondria in spinal 
tissues and even vacuolation and degeneration 
of some mitochondria as well as swollen endo-
plasmic reticulum, suggesting that ropivacaine 
at low concentrations and doses for subarach-
noid space block is safe, while intrathecal injec-
tion of 1% ropivacaine may cause irreversible 
spinal cord damage [30]. Li et al [31] found that 
intrathecal injection of 0.5% ropivacaine had 
no significant impact on the spinal cord of rats, 
while intrathecal injection of 1% ropivacaine 
caused neurotoxicity. Repeated intrathecal 
injection of 0.75% and 1% ropivacaine may also 
lead to nerve damage and degeneration of the 
spinal cord and axons as well as paramorphia 
of spinal cord neurons and apoptosis of nerve 
cells [2]. As shown in electron microscopy, the 
neuronal cytoplasm of the spinal cord and the 
lamellar structure of the medullated nerve 
fibers were mostly normal, suggesting that the 
intrathecal injection of bupivacaine, levobupi-
vacaine and ropivacaine at commonly used 
concentrations and doses had no significant 
impact on the early ultrastructure of the spinal 
cord and nerve roots of dogs. However, with the 
increase in the concentration and dose of local 
anesthetics, the lamellar structure of mito-
chondria and endoplasmic reticulum in the 
neuronal cytoplasm and the lamellar structure 
of medullated fibers myelin sheath were dam-
aged to different extents, indicating that the 
toxicity of local anesthetics to spinal nervous 

system shows an increased trend with the 
increase in the concentration of anesthetics, 
which was consistent with previously reported 
[32-34].

In conclusion, intrathecal injection of bupiva-
caine, levobupivacaine and ropivacaine at com-
monly used concentrations and doses has no 
significant impact on the spinal cord, nerve 
roots and CSF of dogs. However, with the 
increase in the concentrations and doses of 
anesthetics, significant neurotoxicity may be 
observed.

Acknowledgements

The study was supported by the Outstanding 
Leaders Training Program of Pudong Health 
Bureau of Shanghai (Grant No. 2013).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jianrong Guo, De- 
partment of Anesthesiology, Gongli Hospital in 
Pudong New District of Shanghai, Shanghai 200135, 
China. Tel: +86 21 58858730; Fax: +86 21 
38821635; E-mail: guojianrong_sh@163.com

References

[1]	 Takenami T, Wang G, Nara Y, Fukushima S, Ya-
gishita S, Hiruma H, Kawakami T and Okamoto 
H. Intrathecally administered ropivacaine is 
less neurotoxic than procaine, bupivacaine, 
and levobupivacaine in a rat spinal model. Can 
J Anaesth 2012; 59: 456-465.

[2]	 Zhong Z, Qulian G, Yuan Z, Wangyuan Z and 
Zhihua S. Repeated intrathecal administration 
of ropivacaine causes neurotoxicity in rats. An-
aesth Intensive Care 2009; 37: 929-936.

[3]	 Cherng CH, Wong CS, Wu CT and Yeh CC. Glu-
tamate release and neurologic impairment af-
ter intrathecal administration of lidocaine and 
bupivacaine in the rat. Reg Anesth Pain Med 
2011; 36: 452-456.

[4]	 Camorcia M, Capogna G, Berritta C and Co-
lumb MO. The relative potencies for motor 
block after intrathecal ropivacaine, levobupi-
vacaine, and bupivacaine. Anesth Analg 2007; 
104: 904-907.

[5]	 Lee YY, Ngan Kee WD, Fong SY, Liu JT and Gin 
T. The median effective dose of bupivacaine, 
levobupivacaine, and ropivacaine after intra-
thecal injection in lower limb surgery. Anesth 
Analg 2009; 109: 1331-1334.



Safety and feasibility of intrathecal anesthesia

5383	 Int J Clin Exp Med 2014;7(12):5376-5384

[6]	 Arai T and Hoka S. Neurotoxicity of intrathecal 
local anesthetics. J Anesth 2007; 21: 540-
541.

[7]	 David JS, Ferreti C, Amour J, Vivien B, Eve O, 
Petit P, Riou B and Gueugniaud PY. Effects of 
bupivacaine, levobupivacaine and ropivacaine 
on myocardial relaxation. Can J Anaesth 2007; 
54: 208-217.

[8]	 Lehner C, Gehwolf R, Hirzinger C, Stephan D, 
Augat P, Tauber M, Resch H, Bauer HC, Bauer 
H and Tempfer H. Bupivacaine induces short-
term alterations and impairment in rat ten-
dons. Am J Sports Med 2013; 41: 1411-1418.

[9]	 Hamurtekin E, Fitzsimmons BL, Shubayev VI, 
Grafe MR, Deumens R, Yaksh TL and Walker 
SM. Evaluation of spinal toxicity and long-term 
spinal reflex function after intrathecal levobu-
pivaciane in the neonatal rat. Anesthesiology 
2013; 119: 142-155.

[10]	 Wu ZB. Cellular ultrastructural organization 
and basic lesion[M]//WUZB. Ultrastructural di-
agnostics. Shanghai: Shanghai Science and 
Technology Press; 2003. pp. 74-115.

[11]	 Camorcia M, Capogna G and Columb MO. Min-
imum local analgesic doses of ropivacaine, le-
vobupivacaine, and bupivacaine for intrathe-
cal labor analgesia. Anesthesiology 2005; 
102: 646-650.

[12]	 Yamashita A, Matsumoto M, Matsumoto S, 
Itoh M, Kawai K and Sakabe T. A comparison of 
the neurotoxic effects on the spinal cord of tet-
racaine, lidocaine, bupivacaine, and ropiva-
caine administered intrathecally in rabbits. 
Anesth Analg 2003; 97: 512-519.

[13]	 Takenami T, Yagishita S, Asato F, Arai M and 
Hoka S. Intrathecal lidocaine causes posterior 
root axonal degeneration near entry into the 
spinal cord in rats. Reg Anesth Pain Med 2002; 
27: 58-67.

[14]	 Kitagawa N, Oda M, Nobutaka I, Satoh H, Toto-
ki T and Morimoto M. A proposed mechanism 
for amitriptyline neurotoxicity based on its de-
tergent nature. Toxicol Appl Pharmacol 2006; 
217: 100-106.

[15]	 Becker DE and Reed KL. Local anesthetics: re-
view of pharmacological considerations. Anes-
th Prog 2012; 59: 90-101.

[16]	 Johnson ME, Saenz JA, DaSilva AD, Uhl CB and 
Gores GJ. Effect of local anesthetic on neuro-
nal cytoplasmic calcium and plasma mem-
brane lysis (necrosis) in a cell culture model. 
Anesthesiology 2002; 97: 1466-1476.

[17]	 Wang Z, Shen J, Wang J, Lu T, Li C, Zhang X, Liu 
L and Ding Z. Lithium attenuates bupivacaine-
induced neurotoxicity in vitro through phospha-
tidylinositol-3-kinase/threonine-serine protein 
kinase B- and extracellular signal-regulated ki-
nase-dependent mechanisms. Neuroscience 
2012; 206: 190-200.

[18]	 Sun Z, Liu H, Guo Q, Xu X, Zhang Z and Wang N. 
In vivo and in vitro evidence of the neurotoxic 
effects of ropivacaine: the role of the Akt sig-
naling pathway. Mol Med Rep 2012; 6: 1455-
1459.

[19]	 Lirk P, Haller I, Colvin HP, Lang L, Tomaselli B, 
Klimaschewski L and Gerner P. In vitro, inhibi-
tion of mitogen-activated protein kinase path-
ways protects against bupivacaine- and ropiva-
caine-induced neurotoxicity. Anesth Analg 
2008; 106: 1456-1464.

[20]	 Johnson ME, Uhl CB, Spittler KH, Wang H and 
Gores GJ. Mitochondrial injury and caspase ac-
tivation by the local anesthetic lidocaine. Anes-
thesiology 2004; 101: 1184-1194.

[21]	 Onizuka S, Yonaha T, Tamura R, Kasiwada M, 
Shirasaka T and Tsuneyoshi I. Lidocaine depo-
larizes the mitochondrial membrane potential 
by intracellular alkalization in rat dorsal root 
ganglion neurons. J Anesth 2011; 25: 229-
239.

[22]	 Kasaba T, Onizuka S, Kashiwada M and Taka-
saki M. Increase in intracellular Ca2+ concen-
tration is not the only cause of lidocaine-in-
duced cell damage in the cultured neurons of 
Lymnaea stagnalis. J Anesth 2006; 20: 196-
201.

[23]	 Lu J, Xu SY, Zhang QG and Lei HY. Bupivacaine 
induces reactive oxygen species production 
via activation of the AMP-activated protein ki-
nase-dependent pathway. Pharmacology 
2011; 87: 121-129.

[24]	 Saito S, Radwan I, Obata H, Takahashi K and 
Goto F. Direct neurotoxicity of tetracaine on 
growth cones and neurites of growing neurons 
in vitro. Anesthesiology 2001; 95: 726-733.

[25]	 Lips J, de Haan P, Bouma GJ, Holman R, van 
Dongen E and Kalkman CJ. Continuous moni-
toring of cerebrospinal fluid oxygen tension in 
relation to motor evoked potentials during spi-
nal cord ischemia in pigs. Anesthesiology 
2005; 102: 340-345.

[26]	 Chen C, Chen Q, Mao Y, Xu S, Xia C, Shi X, 
Zhang JH, Yuan H and Sun X. Hydrogen-rich sa-
line protects against spinal cord injury in rats. 
Neurochem Res 2010; 35: 1111-1118.

[27]	 Liu J, Tang T and Yang H. Protective effect of 
deferoxamine on experimental spinal cord in-
jury in rat. Injury 2011; 42: 742-745.

[28]	 Xu XP. The role of oxidative stress in neurotox-
icity caused by ropivacaine in spinal cord of 
rats and its mechanism. Central South Univer-
sity 2011; 15-38.

[29]	 Su D, Gu Y, Wang Z and Wang X. Lidocaine at-
tenuates proinflammatory cytokine production 
induced by extracellular adenosine triphos-
phate in cultured rat microglia. Anesth Analg 
2010; 111: 768-774.



Safety and feasibility of intrathecal anesthesia

5384	 Int J Clin Exp Med 2014;7(12):5376-5384

[30]	 Guo YH, Wang JK, Xu GZ and Yu JG. The effect 
of intrathecal ropivacaine on spinal cord in 
dogs. Chin J Anesthesiol 2002; 22: 42-45.

[31]	 Li L, Zhang T, Diao Y and Wang J. Injection of 
ropivacaine into the subarachnoid changes 
the ultrastructure and proteome of the rat spi-
nal cord. Xenobiotica 2013; 43: 908-914.

[32]	 Sun ZH, Guo QL and Zou WY. Effect of continu-
ous spinal anesthesia with ropivacaine on the 
ultrastructure of spinal cord and nerve roots in 
rats. Chin J Anesthesiol 2005; 25: 283-287.

[33]	 Borgeat A and Blumenthal S. Nerve injury and 
regional anaesthesia. Curr Opin Anaesthesiol 
2004; 17: 417-421.

[34]	 Neal JM. Effects of epinephrine in local anes-
thetics on the central and peripheral nervous 
systems: Neurotoxicity and neural blood flow. 
Reg Anesth Pain Med 2003; 28: 124-134.


