Oat

open access text

Clinical Research and Trials

ISSN: 2059-0377

Research Aricle

Neurotropin abrogates lidocaine-induced suppression of
neurite growth in cultured rat spinal neurons

Risa Isonaka*, Takashi Katakura and Tadashi Kawakami

Department of Physiology, Kitasato University School of Medicine, Kitasato, Minami-ku, Sagamihara, Kanagawa, Japan

Abstract

Background: Neurotropin is an analgesic agent used for the treatment of chronic and neuropathic pain. The effects of this drug have been investigated in clinical
practice, and have been recently the focus of attention with respect to its neuroprotective effects on neuropathy caused by anticancer agents. Lidocaine is used to induce
local anesthesia and is known to relieve neuropathic pain, but is also known to have neurotoxic effects, causing neurodegeneration after spinal anesthesia. In this study,
we used the simple preparation of cultured rat spinal neurons to examine the effects of neurotropin and lidocaine on neurite growth and the effects of neurotropin on
lidocaine-induced neurotoxicity.

Methods: Spinal neurons were identified by neurofilaments immunostaining and neurite growth of individual neurons was measured using NIH Image software on
the captured images.

Results: Neurotropin alone had not apparent effect on neurite growth, whereas lidocaine inhibited neurite growth and induced morphological changes in neurites.
Neurotropin abrogated lidocaine-induced suppression of neurite growth in spinal neurons.

Conclusions: This is the first report to show the neuroprotective effects of neurotropin against lidocaine-induced neurotoxicity in spinal neurons. The in vitro results

are encouraging to plan further experiments to test this property of neurotropin in laboratory animals.

Abbreviations: TNS: transient neurologic symptoms; NU:
neurotropin unit; NGF: nerve growth factor; FITC: fluorescein
isothiocyanate; PBS: phosphate buffered saline

Introduction

Neurotropin is an analgesic agent used for the treatment of
neuropathic pain, such as lumbago, neck-shoulder-arm syndrome,
postherpetic neuralgia [1,2] and fibromyalgia [3], as well as dysesthesia
of subacute mylo-optico-neuropathy [4]. The National Institute of
Nursing Research has examined the effectiveness of neurotropin in the
treatment of chronic pain after limb or large nerve injury since 2000.
Recently, Zhang, et al. [5] reported that neurotropin protects against
neuropathic pain induced by oxaliplatin, which is the first-line colorectal
cancer chemotherapeutic agent, in patients with stage IT and III cancers.
In this regard, one animal and cell culture study [6] also demonstrated
that neurotropin relieves oxaliplatin-induced mechanical allodynia
and inhibits oxaliplatin-induced neurite degeneration. Kawashiri, et al.
[7] also showed that neurotropin can ameliorate allodynia in rats and
axonal degeneration induced by paclitaxel, an anticancer agent used
for ovarian cancer, non-small cell lung carcinoma and breast cancer,
in cultured pheochromocytoma cell line and rat dorsal root ganglion
neurons, without affecting their chemotherapeutic actions. These
studies suggest that neurotropin has not only analgesic effects but also
neuroprotective effects.

In addition to its anesthetic properties [8,9], lidocaine also has
analgesic properties that can relief neuropathic pain, such as peripheral
nerve injury [10], spinal cord injury [11], and postherpetic neuralgia
[12]. The clinical use of local anesthetics can cause transient neurologic
symptoms (TNS) [13,14] following spinal anesthesia. The risk of
developing TNS after spinal anesthesia with lidocaine is significantly
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higher than with other anesthetics such as bupivacaine, prilocaine, and
procaine [15,16]. Lidocaine is known to have neurotoxic effects and
can cause neurodegeneration both in vitro [17-20] and in vivo [21,22].

The present study was designed to examine the effects of
neurotropin and lidocaine on neurite growth and to determine whether
neurotropin interacts with lidocaine-induced neurotoxicity. We used
the simplified preparation of cultured spinal neurons of neonatal rats
in order to test the effect of these two agents without any contamination
by other inputs known to modulate spinal neuronal activity and drug-
drug interaction.

Methods

Primary cell culture

The experimental protocol was approved by the Animal
Experimentation and Ethics Committee of Kitasato University School of
Medicine (#2013-148 and 2014-077), which conformed to the National
Institutes of Health guidelines on the ethical use of animals. On day 20
of pregnancy (~1 day before birth), Wistar rats were anesthetized with
pentobarbital sodium (50 mg/kg) and embryos were removed. The
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embryonic spinal cord was dissected out and immediately immersed
in ice-cold Leibovitz’s L-15 medium containing 0.5 mM L-glutamine,
and then enzymatically and mechanically dissociated, as described in
detail in our previous study [23]. The isolated cells were plated onto
poly-L-lysine-coated glass coverslips (30 x 40 mm, 50 pm-thickness)
and cultured in neurobasal medium (Life Technologies, Grand Island,
NY) containing 0.5 mM L-glutamine and 2% B-27 supplement (Life
Technologies) at 37°C in a humidified 5% CO, atmosphere.

Solution and drugs

Immediately before each experiment, lidocaine hydrochloride
monohydrate (Sigma-Aldrich, St. Louis, MO) and neurotropin®
(Nihon-Zoki Pharmaceutical Co., Osaka, Japan) were diluted with the
culture medium to preselected concentrations. The concentration of
neurotropin was expressed in neurotropin unit (NU)/ml. The pH of all
solutions was adjusted to 7.3-7.4.

Drug treatment

Spinal cord neuronal cells were incubated in the culture medium for
24 h and subsequently treated with neurotropin (at final concentrations
of 0, 0.1, 1, 10, 100, or 1000 mNU/ml), lidocaine (0, 0.001, 0.01, 1, 10,
or 100 mM), or the combination of 1 mM lidocaine and neurotropin at
each concentration for 72 h.

Immunocytochemistry

Cells were fixed with 4% paraformaldehyde for 10 min and then
treated with a protein-blocking agent (Immunon, Pittsburgh, PA) to
block non-specific binding sites. The cells were then incubated with
mouse anti-phosphorylated neurofilaments antibody (dilution, 1:1000;
SMI-31; Convance, Princeton, NJ) for 60 min, followed by fluorescein
isothiocyanate (FITC)-conjugated goat anti-mouse IgG secondary
antibody (dilution, 1:50; Organon Teknika Corp, Durham, NC) for 60
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min. The immunostained cells were washed with PBS and examined
using a confocal laser scanning microscope (model LSM710, Zeiss,
Germany). Images were linearly adjusted for brightness and contrast
with the Zen imaging software (Zeiss). All immunocytochemical
procedures were performed at 24°C.

Measurement and analysis of neurite length

The length of the individual neurites was measured at 72 h after
treatment with drugs using NIH Image]J software version 1.44 (http://
rsb.info.nih.gov/ij/index.html) on the captured images. The neurite
length in the drug-treated neurons was compared with the control
untreated neurons, and the length in a combination of lidocaine
and neurotropin-treated neurons was compared with the non-
neurotropin-treated neurons by the Steel test for nonparametric
multiple comparisons.

Results

Effects of neurotropin on neurite growth of spinal neurons

First, we investigated the effects of neurotropin on neurite growth in
cultured rat embryo spinal neurons. Figure 1A and 1B show the effects
of neurotropin on the growth of neurites cultured in the absence of
neurotropin (control, Figure 1A) and in the presence of 1000 mNU/ml
neurotropin (Figure 1B) for 72 h. Quantitative analysis confirmed that
incubation with neurotropin for 72 h did not change the neurite length,
even at the highest concentration (Figure 1C, P > 0.05). Neurotropin
did not induce any apparent morphological changes in the cell bodies
or neurites, relative to control neurons.

Effects of lidocaine on neurite growth of spinal neurons

In the next step, we examined the effects of lidocaine on neurite
growth. As shown Figure 2A, incubation with lidocaine at the highest
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Figure 1. Effects of neurotropin on neurite growth in cultured rat embryo spinal neurons. Photomicrographs of immunostained neurofilaments showing neurite growth of neurons treated for
72 h with neurotropin at 0 mNU/ml (control, A) and 1000 mNU/ml (B). The mean length of neurites after treatment for 72 h with neurotropin (C). Data are mean + SEM of > 50 independent

samples in each group. P> 0.05 (vs. control), Steel test
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concentration (100 mM) resulted in damage of neurites, compared
with the control (Figure 1A). Quantitative analysis confirmed that
neurite length under 1, 10, 100 mM lidocaine for 72 h was significantly
less than the control (Figure 2B, P < 0.005). These results indicate that
lidocaine inhibits neurite growth of spinal neurons, and at the highest
concentration it caused morphological changes in neurites.

Effects of neurotropin on lidocaine-induced suppression of
neurite growth

We investigated the effects of neurotropin on lidocaine-induced
suppression of neurite growth. As shown in Figure 3A and 3B, treatment
with 1000 mNU/ml neurotropin and 1 mM lidocaine abrogated the
growth inhibitory effect of lidocaine. Neurons cultured for 72 h with a
combination of neurotropin (>1 mNU/ml) and lidocaine (1 mM) had
significantly longer neurites compared to the mean length of spinal
neurons treated with lidocaine alone (Figure 3C, P < 0.05). These
results highlight the neuroprotective effect of neurotropin against the
growth inhibitory effect of lidocaine.
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Discussion

The present study showed that neurotropin had no apparent effect
on neurite growth and also did not cause morphological changes in
cultured rat embryo spinal neurons even when used at the highest
concentration (1000 mNU/ml). In contrast, lidocaine inhibited neurite
growth of spinal neurons and induced morphological damage at higher
concentrations. Furthermore, neurotropin abrogated neurite growth
suppression and morphological changes induced by lidocaine.

Recently, Fukuda, et al. [24] reported that neurotropin enhances
neuritogenesis by promoting tyrosine kinases receptor-mediated
nerve growth factor (NGF) in a pheochromocytoma cell line. They
also showed the lack of definite neurotropin-induced enhancement of
neurite growth in the absence of NGF, suggesting that the action of
neurotropin requires the presence suboptimal concentrations of NGF.
Ontheotherhand, Taneda, et al. [25] suggested that neurotropin inhibits
NGF-induced neurite outgrowth in cultured rat dorsal root ganglion
neurons. Both anti-NGF antibodies and NGF receptor inhibitors
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Figure 2. Effects of lidocaine on neurite growth in cultured rat embryo spinal neurons. Photomicrograph of immunostained neurofilaments showing neurite growth of neurons cultured in

the presence of 100 mM lidocaine for 72 h (A). The mean length of neurites after treatment for
*p<0.005, **p<0.0005 (vs control group), Steel test
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72 h with lidocaine (B). Data are mean + SEM of >50 independent samples in each group.
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Figure 3. Effects of neurotropin on lidocaine-induced suppression of neurite growth of spinal neurons. Photomicrographs of immunostained neurofilaments showing neurite growth of
spinal neurons treated with 1 mM lidocaine alone (A) and a combination of 1 mM lidocaine and 1000 mNU/ml neurotropin for 72 h (B). The mean length of neurites after treatment for 72
h with a combination of lidocaine at 1 mM and neurotropin for 72 h (C). Data are mean + SEM of >50 independent samples in each group. *p<0.05, #p<0.005, (vs. non-neurotropin-treated
neurons), Steel test
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significantly inhibited the sprouting of epidermal nerve fibers as well
as the scratching behavior of atopic ND/Nga mice. Based on these
findings, they suggested that neurotropin has antipruritic effects due to
inhibition of NGF-induced neurite outgrowth. Intriguingly, although
the above studies reported different results, both demonstrated that the
action of neurotropin on neurite growth requires NGF. However, using
growing cultured rat dorsal root ganglion neurons, Kawashiri, et al.
[6, 7] demonstrated that neurotropin exhibited a neuroprotective effect
against anti-cancer agents in the absence of NGF. Based on the latter
finding, neurons were cultured in the present study without NGF; in
other words, our results described the pure effects of neurotropin on
neurite growth with or without lidocaine in rat spinal neurons.

Neurite growth is a basic neuronal process, and it is easily affected
by a variety of extracellular events in cultured neurons, therefore,
monitoring neurite growth has been useful in investigating neuronal
toxicity [26]. First, our findings suggest that neurotropin had no
apparent neurotoxicity on spinal neurons. The estimated maximum
plasma concentration in patients treated with neurotropin was 4 mNU/
ml [27]. Taken together, the results suggest that neurotropin has little
neurotoxicity even at the extremely high concentrations used clinically.
This could explain the fewer side effects of neurotropin encountered in
clinical practice.

Our results also showed that lidocaine at suboptimal concentrations
is neurotoxic; inhibiting neurite growth of spinal neurons. Anderson
and Bamburg [28] reported that neurites of the dorsal root ganglion
grown in vitro with lidocaine lost their attachments with the substratum
and underwent immediate retraction into the cell body. Radwan, et al.
[29] demonstrated that local anesthetics, such as lidocaine, induced
collapse of filopodia and lamellipodia of the isolated dorsal root
ganglion neurons of chick embryos, suggesting that local anesthetics
induced morphological changes in growing neurons. These reports
indicate degeneration of neurite growth during lidocaine treatment,
lending support to our findings.

Finally, our results suggest that neurotropin can protect against
lidocaine-induced neurotoxicity. Cui, et al. [30] reported that extracts
from rabbit skin inflamed by the vaccinia virus, which contains the
same ingredient as neurotropin, attenuate bupivacaine-induced spinal
neurotoxicity in pregnant rats. Their histological analysis showed
significantly reduced number of apoptotic cells in the extracts-
pretreatment group compared with bupivacaine-treated group in
rat dorsal root ganglion. Considered together with our findings, we
speculate that neurotropin can potentially provide protection for
spinal neurons against neuronal damage induced by not only lidocaine
but also another local anesthetics. However, using our simple in vitro
preparation, we cannot state affirmatively that neurotropin protects
against the side effects of anesthesia, and therefore further animal
experiments followed by clinical studies are needed to confirm these
findings.

In conclusion, the present study using cultured rat spinal neurons
demonstrated that neurotropin is far less neurotoxic to neurite growth
in spinal neurons than lidocaine. Furthermore, neurotropin protected
against lidocaine-induced inhibition of neurite growth. These findings
suggest that neurotropin could be potentially useful clinically in
preventing lidocaine neurotoxicity. The results could also help in the
design of new and more effective and safe therapies that enhance the
safety of local anesthetics.
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