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Abstract
Lidocaine effects in the spinal cord have been extensively investigated over the years. Although the intrathecal route is usually 
used to treat insults occurring in the spinal cord, the local delivery drug via intraparenchymal infusions has gained increasing 
favor for the treatment of some neurodegenerative disorders. The aim of the present study was to evaluate the behavioral and 
tissue effects of the intraparenchymal injection of different concentrations of lidocaine into the rat cervical spinal cord. Young 
male Sprague–Dawley rats were intraparenchymally injected with 0.5%, 1% or 2% lidocaine at the C5 segment of the spinal 
cord. Other rats were injected with saline solution (sham group). Hot plate test was determined at 0, 1, 2, 3, 7 and 14 post-
injection (pi) days. Rats of each experimental group were euthanized either at 1, 2, 3, 7 or 14 pi days. Intact animals were used 
as controls. Sections of the C5 segment were used for histological, immunohistochemical or immunofluorescence analysis. 
Injection of 0.5% lidocaine did not affect neuronal counting, did not evoke an inflammatory reaction, nor induce astrocyte 
activation. Therefore, a concentration of 0.5% lidocaine is suggested to promote anti-inflammatory effects after injury.
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Introduction

Most spinal cord injuries (SCI) are accompanied by addi-
tional peripheral tissue damage that frequently alters pain 
fibers [1] and activates the “pain matrix” at the Central 
Nervous System (CNS) [2]. Nociceptive stimulation after 
injury increases the extent of secondary injury, reduces 
locomotor recovery, increases mortality and tissue loss 
[1]. Lidocaine has analgesic effect and anti-hyperalgesic 

and anti-inflammatory properties that greatly contribute 
to reduce nociception, postoperative pain and analgesic 
requirements after surgery [3]. Local administration of lido-
caine at clinical concentration (2%) largely inhibits activa-
tion of the CNS pain matrix [2].

Over the years, lidocaine effects in the spinal cord have 
been extensively investigated. Systemic administration of 
lidocaine after mechanical lesion has shown to improve the 
neurological outcome of cats with experimental SCI [4] 
and to reduce the incidence of lumbar SCI in rats [5]. It 
is also a useful tool for pain management therapies [6, 7]. 
Pre-incisional intrathecal administration of local anesthetics 
inhibits nerve impulses in response to noxious stimuli and 
reduces postoperative morphine requirements, while intrath-
ecal lidocaine after peripheral nerve injury reverses tactile 
allodynia [8].

Although the intrathecal route is usually used to treat 
insults occurring at the spinal cord [9], local drug delivery 
via intraparenchymal infusions has gained increased interest 
for the treatment of some neurodegenerative disorders [10].

Intraparenchymal injection is an invasive procedure but 
allows direct distribution of therapeutic agents at a specific 
concentration to target areas or specific cellular populations 
within them, bypassing the blood brain barrier [10–13].
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To our knowledge, no tests have been previously done 
using the intraparenchymal route to deliver lidocaine into the 
spinal cord. Therefore, the aim of the present work was to 
evaluate the behavioral and tissular effects of the intraparen-
chymal injection of different concentrations of lidocaine 
into the rat cervical spinal cord. All data collected using 
this approach are expected to serve as a starting point for 
supporting subsequent therapeutic protocols using the intra-
parenchymal via for delivering infusions, or as a reference 
for procedures using intrathecal or other alternative routes.

Methods

Animals

Young (3–5-month-old, 250–450 g) male Sprague–Dawley 
rats (n = 96), raised in our rat colony, were used. Animals 
were housed in a temperature-controlled room (22 ± 2 °C) 
on a 12:12 h light/dark cycle. Food and water were available 
ad libitum. All experiments with animals were performed 
according to the recommendations of the Guide for the Care 
and Use of Laboratory Animals of the National Institutes of 
Health (NIH Publications No. 80–23, revised in 1996). The 
protocol was approved by the School of Veterinary Sciences, 
National University of La Plata Institutional Committee for 
Care and Use of Laboratory Animals (CICUAL), Code 45-1-
14T. All efforts were made to minimize the number of ani-
mals used and their suffering.

Handling of Animals and Drug Injection

Control animals (n = 6) were those that allowed us to estab-
lish the baseline data for cell counting, determination of 
white and gray matter areas and to establish similarities 
between both ipsilateral and contralateral sides of the spi-
nal cord segments. Sham-operated animals (n = 15, 3 rats 
per time point) were used to establish the effects of the 
injection needle and of drug vehicle on the spinal cord tis-
sue and cells. The remaining animals were considered as 
experimental.

Animals were injected either with lidocaine 2.0% (L2 
group), 1.0% (L1 group) or 0.5% (L05 group), or saline 
(sham group). Immediately before surgery, 1.0% and 0.5% 
concentrations of lidocaine were obtained by serially dilut-
ing the 2.0% commercial presentation  (Xylocaine® 2%, 
AstraZeneca, Haedo, Buenos Aires, Argentina) in 0.9% 
saline solution and kept at 4 °C until use.

On experimental day 0, rats (n = 75, 25 rats per experi-
mental group and 5 per time point) were anesthetized with 
ketamine hydrochloride (40  mg/kg; i.p.) plus xylazine 
(8 mg/kg; i.m.) and placed in prone position. All drugs were 
injected via intraparenchymal route at the C5 segment of 

the spinal cord following the protocol described by Nishida 
et al. [14]. Five microliters either of the lidocaine solution 
or saline solution were discharged at a rate of 1 µl/min. After 
surgery, animals were returned to their cages and checked 
periodically until they woke up. As C3, C4 and C5 segments 
contribute with the formation of the phrenic nerve, attention 
was paid to respiratory behavior of injected animals.

Heat Sensitivity Test

The hot-plate test was carried out according to a method 
previously described [15], at the beginning of the experi-
ment (day 0) and at each analyzed time point (days 1, 2, 3, 
7, and 14 pi) until euthanasia. The hot-plate device was set 
at 55 ± 1 °C, and animals were placed on a 15 cm diameter 
heated surface surrounded by four acrylic walls. The time 
(measured in sec) between placement (time zero) and lick-
ing of their forepaws or jumping (whichever occurred first) 
was recorded and considered as the response latency. A 20 s 
cut-off was used to prevent tissue damage of non-sensitive 
animals. Three measurements at 2-min-intervals were taken 
per session.

Euthanasia, Specimen Collection and Processing

Immediately before euthanasia rats were placed under 
general anesthesia by injection of ketamine hydrochloride 
(40 mg/kg, i.p.) plus xylazine (8 mg/kg; i.m.) and then intra-
cardially perfused with 300 ml of phosphate buffered saline 
(PBS) followed by 300 ml of PBS-4% paraformaldehyde 
solution.

Animals of lidocaine-injected (L1, L2, L05) and sham 
groups were euthanized (5 or 3 per experimental group, 
respectively) either at 1, 2, 3, 7 or 14 days post-injection 
(pi). Six non-operated rats were used as controls. Three of 
them were euthanized on day 0 and used for neuronal count-
ing. The remaining control animals were euthanized on day 
14 but also were previously used for the clinical assessment 
at the times indicated for the other groups.

After perfusion, the vertebral column was removed and 
post-fixed in 10% buffered formaldehyde for 24 h. The 
spinal cord was then dissected, immersed in cryopreser-
vation buffer (30% sucrose; 1% polyinylpyrrolidone; 30% 
ethylene glycol; 1% 1 M phosphate buffer; DW to 100 ml) 
and stored at − 20 °C until use. Coronal sections of cer-
vical segments were embedded in 0.5 ml of jellifying 
solution [10% sucrose in 1 M phosphate buffer; 4% low 
melting point agarose (Sigma Chemical Co., St. Louis, 
MO, USA)]. After 24 h storage at 4 °C the jelly blocks 
were serially cut into 20 µm thick coronal sections using 
a vibratome (Leica VT 1000S, Germany). Sections were 
then mounted on jellified slides (6 g unflavored gelatin; 
0.5 g KCr(SO4)2 .12H2O, DW to 300 ml) and stained with 
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cresyl violet for using them for histopathological and mor-
phometric analysis. From each block, three to five sec-
tions, 120 µm apart, were analyzed.

Immunohistochemistry and Immunofluorescence

Immunohistochemistry was used for cell counting and to 
analyze neuronal distribution. C5 spinal cord sections were 
mounted on jellified slides and incubated with 0.03%  H2O2 
in PBS for 30 min at room temperature. Sections were then 
rinsed twice in PBS containing 0.05% Tween 20 (PBS-T) 
and exposed to microwave antigen retrieval using a buffered 
citrate solution, pH 6.0. Later, sections were washed twice in 
PBS-T and incubated with 1% bovine serum albumin (BSA) 
in PBS for 30 min, followed by overnight incubation with 
an anti-NeuN monoclonal antibody (1:200, Millipore, CA, 
USA) for identification of neurons, or anti-GFAP polyclonal 
anti-rabbit antibody (Dako Denmark, ready to use) for iden-
tification of astrocytes.

The EnVision detection system + HRP (horse radish per-
oxidase) system labelled anti-mouse or anti-rabbit (Dako-
Cytomation) was applied during 45 min. Liquid 3,3-diamin-
obenzidine tetra-hydrochloride (DAB) (Vector Laboratories 
Inc., CA, USA) was used as chromogen and Hill’s hematox-
ylin was used for counterstaining. Control negative sections 
were prepared by omitting primary antibody.

In addition, immunofluorescence was used to identify 
neurons. For this purpose, sections were incubated with 
Neu antibody (1:200). After washing, slides were incubated 
with 1:1000 Alexa Fluor 488-conjugated anti-mouse second-
ary antibodies (Invitrogen, Thermo Fisher Scientific Inc.) 
for 45 min. Counterstaining was done using the fluorescent 
DNA stain 4′,6-diamidino-2-phenylindole (DAPI) during 
15 min. FluorSave Reagent (Calbiochem) was used for aque-
ous mounting. Control negative sections were prepared by 
omitting the primary antibody. Images were obtained using 
a scanning laser confocal microscope (Olympus FV1000, 
Japan).

Image Analysis

Images of immunohistochemically (two-dimensional analy-
sis) stained C5 spinal cord sections were captured using a 
digital RGB video camera (Olympus DP73, Japan) attached 
to a microscope (Olympus BX53, Japan). To create a com-
plete map of the entire C5 segment taken with a 40× objec-
tive, images were captured using a digital image analyzer 
(cellSens Dimension, V1.7, Olympus Corporation, Japan) 
and stitched them using an automatic Multiple Image Align-
ment process. No further processing was necessary after 
obtaining the original images.

Morphometry

For morphometric measurements, the Count/Measure option 
of the image analysis software (ImagePro Plus-v6.3, Media 
Cybernetics, MA, USA) was used. For determining changes 
in the affected segment, variations in the ipsilateral and 
contralateral sides areas on cresyl violet stained sections 
were considered. For astroglia estimation as an indicator 
of inflammatory process, GFAP inmmunostained area was 
considered.

Neuronal Counting

To determine the total number of neuronal bodies per sec-
tion, color segmentation on NeuN immunostained sections 
was performed [16]. Blind quantitative analysis was per-
formed independently by at least two observers, to obtain a 
more objective counting.

Confocal images (three-dimensional analysis) were used 
to estimate the number of cells present per segment using 
the following formula [17]:

where, N = total estimated number of cellular bodies; 
d = length (µm) of the rostro-caudal axis of the cervical seg-
ment being assessed (2 mm); n = number of non-contiguous 
(120 µm apart) slices counted per cervical segment (n = 5); 
s = thickness of the section (20 µm); x = number of perikarya 
counted per non-contiguous slice assessed. Therefore, N rep-
resents approximately the total number of neurons present 
in the cervical segment.

Statistical Analysis

The heat sensitivity test was analyzed as repeated measures 
on the same animal at different times [18]. The model was 
fitted with SAS software for mixed models (Proc Mixed 
and Proc Glimmix, SAS v.9.3; SAS Institute Inc., Cary 
NC, USA). The response variable time of latency (T) was 
first checked for normality and the distribution was found 
to be skewed to the right (higher frequency of larger val-
ues). Therefore, the variable T* = ln(T) was used to build 
the models estimates and test the hypotheses. The model 
that best fitted the data was an analysis of heterogeneous 
covariance with treatments as a classification variable and 
the covariate time (t, in days) nested within treatments, 
whereas the error variance was found to be heterogeneous 
due to treatments.

The remaining data were analyzed by one-way analysis 
of variance (ANOVA) and Holm Sidak’s test for multiple 
comparisons was used as a post-hoc test. Significance was 

N =

d

n s

n
∑

i= 1

x
i
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assumed at values of P < 0.05. All these tests were analyzed 
using the statistical program GraphPad Prism version 6.00 
for Windows (Graph Pad Software, San Diego, California, 
USA, http://www.graph pad.com).

Results

None of the injected rats showed abnormal respiratory fre-
quency, produced respiratory noises or adopted orthopneic 
stand at neither time points analyzed. In no case, animals 
required manual emptying of the bladder.

Heat Sensitivity Test

No significant differences were detected between groups on 
any of the analyzed days (Fig. 1). Even though the estimated 
least-squares means (LSM) may suggest an increase in T* 
over all treatments, no intragroup differences were observed. 
It should be pointed out that Fig. 1 shows the LSM estimates 
for the transformed variable analyzed with the selected sta-
tistical model, and not the actual time (expressed in sec) 
recorded for every group.

Histopathology

Control group sections showed no tissue alterations. Spi-
nal cord sections of sham and lidocaine-injected animals 
(L05, L1 and L2) showed some polymorphonuclear cell 
infiltration and minor hemorrhagic areas at the injection 
site. This pattern corresponds to the penetration point and 
the path of the injection needle as was described elsewhere 

[19]. Slides of sham group showed a few swollen neu-
rons in sections relatively closed to the entry point of the 
needle (from Lamina IV up to Lamina VI). Neurons of 
lidocaine-injected groups (L05, L1, L2) showed similar 
aspect to those observed in the sham group at the ipsilat-
eral side (Fig. 2a). Nevertheless, more swollen neurons 
were observed as the concentration of lidocaine increased. 
Thus, in L2 and L1 groups, lidocaine caused more exten-
sive inflammatory changes than in L05 group where sat-
ellitosis of glial cells was also observed. No pathological 
alterations at the tissue or in nervous cells were observed 
at the contralateral side.

Comparison of the cross-sectional areas of both sides 
of the C5 sections showed a significant increase of the 
ipsilateral side area of L2 animals in comparison to con-
trol group at pi days 1 and 2 (P = 0.0458 and P = 0.0020, 
respectively) (Fig. 2b, c). No significant differences were 
observed for the contralateral section area among groups 
along the experiment.

GFAP immunostained area showed a significant 
increase in sham animals in comparison to lidocaine 
injected groups and control group at pi day 1 (P = 0.0083 
ipsilateral; P = 0.0066 contralateral) (Fig. 2d, e). At pi 
day 3, sham animals showed a significant increase in the 
immunostained area in comparison to lidocaine injected 
groups (P = 0.0025 ipsilateral; P = 0.0025 contralateral). 
At pi day 7, there was a reduction in the immunostained 
area of sham animals, but it was yet significantly higher 
when compared to L2 and L1 animals (P = 0.0010 ipsilat-
eral; P = 0.0021 contralateral). Control animals showed 
significant differences in comparison to L1 animals at 
pi day 7 (P = 0.0010 ipsilateral; P = 0.0021 contralat-
eral) and at pi day 14 (P = 0.0103 ipsilateral; P = 0.0288 
contralateral).

Neuronal Counting

Total number of neurons per section in L2 group was sig-
nificantly lower than that of the rest of the groups for the 
ipsilateral side at pi day 3 (P = 0.0279), and significantly 
lower than that of the control group at pi day 7 (P = 0.0002) 
(Fig. 3a). L2 group was significantly different from control 
and sham group at pi day 14 (P = 0.0326). No significant 
differences were observed at the contralateral side among 
groups (Fig. 3b).

Estimation of the total number of neurons for the entire 
C5 segment was performed. No significant differences were 
recorded among groups except for L2, that was signifi-
cantly different from the control group (248,200 ± 31,230) 
at pi day 7 (L2 = 182,250 ± 18,450; P = 0.0309) and from 
control and sham groups (263,900 ± 21,099) at pi day 14 
(L2 = 196,700 ± 5200; P = 0.0104).

Fig. 1  Heat sensitivity test. Least-squares means (LSM) of treatments 
effects for T* at different days, as estimated by the model, expressed 
as LSM (T*) ± SEM

http://www.graphpad.com
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Fig. 2  Inflammatory reactivity of the spinal cord segment. a Histo-
logical aspect of a C5 spinal cord section of L05 (a1), L1 (a2) and L2 
(a3) showing distribution and aspect of neurons at pi day 3. A retrac-
tion of several neurons can be observed when 1% (a2) and 2% (a3) 
lidocaine was injected. A reduction in the number of neurons and 
an increase in glial reactivity can be observed (a3). Glial satellitosis 
can be seen surrounding degenerated neurons (arrows). Bar 100 µm. 
b Area measurement of the ipsilateral section. *L2 vs. control. 

*P < 0.05. c Area measurement of the contralateral section. No signif-
icant differences were observed. d GFAP-immunostained area at the 
ipsilateral side. Statistical significance: *sham against other groups. 
#Control vs. L1. *,#P < 0.05. e GFAP-immunostained area at the con-
tralateral side. Statistical significance: *of sham against the other 
groups. #Control vs. L1. *,#P < 0.05. In all cases, data are expressed 
as mean ± SEM
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Discussion

The aim of the present work was to evaluate the structural 
and behavioral effects of different concentrations of lido-
caine after their intraparenchymal injection into the rat 
cervical spinal cord. Although no significant differences 
between groups were found for the heat sensitivity test in 
the whole experiment, at pi day 1 lidocaine-treated groups 
showed a decrease of their latency time as compared to 
controls. The release of neuropeptides from sensory neu-
rons induced by local anesthetics is thought to contribute to 
central sensitization in the spinal dorsal horn [20]. Accord-
ing to Bosshard et al. [2], concentrations of 2% lidocaine 
and below could be responsible for a hyperalgesic state in 
the experimental animals, and responses to hot plate tem-
perature were concentration dependent being sharper for 
intermediate concentrations of lidocaine. Similarly, a great 
variability in the response of animals receiving 1% lidocaine 
was observed in our work. Although the latency time for all 
groups increased in the following days, this increase was not 
significant. The plantar pad of the rat has Aδ and C fibers, 
the former being fast conducting structures mediating fast 
onset of pain sensations and the latter, the slower conduct-
ing C fibers, mediating the long latency pain sensations. In 
turn, A fibers nociceptors have been classified into two types 
according to their responsiveness to heat stimuli [21]: type 
I afferent fibers, which have high activation thresholds and 

type II afferent fibers having lower heat threshold. Type II 
fibers are absent in glabrous skin. When the thermal stimulus 
exceeds 53 °C the average time of activation and response of 
type I fibers is 5 s [22]. On the other side, heat threshold for 
activating C fibers afferents are below pain thresholds (about 
45 °C), suggesting that heat pain threshold depend on tem-
poral summation of afferent activity. All these facts, added 
to a possible adaptation of the animals to the temperature 
[23] could explain the increase of the latency time observed 
throughout the experiment for all the groups.

Injection of 2% lidocaine significantly reduced the neu-
ronal counting at the ipsilateral side of the C5 segment. The 
other tested concentrations of lidocaine as well as the injec-
tion of saline did not affect the neuronal counting. Several 
in vitro and in vivo studies have shown different dose/con-
centration effects of lidocaine on different cell populations, 
such as on cell proliferation and survival, as well as on apop-
tosis [24–27]. In this way, lidocaine effects on proliferation 
have been described as inversely proportional to the applied 
concentration [28]. In turn, concentration is directly propor-
tional to the apoptotic effects [29].

Although several anti-inflammatory concentration-
dependent effects of lidocaine have been described both 
in vitro [30], and in vivo [28, 31] in the current study we 
observed that injection of 2%, and to a lesser extent 1% lido-
caine, evoked an extent inflammatory reaction that was not 
observed at 0.5%. We suggest that the presence of a serous 

Fig. 3  Neuronal counting. 
The number of neurons was 
counted based on NeuN positive 
staining per spinal cord sec-
tion side. Data are expressed 
as mean ± SEM. a Ipsilateral 
counting. Statistical signifi-
cance: *L2 vs. control; #L2 vs. 
sham; &L2 vs. L05 and L1. 
*,#,&P < 0.05. b Contralateral 
counting. c Histological aspect 
of control C5 section. Histologi-
cal aspect of L05 at 24 h (d); 
48 h (e); 72 h (f); 7 days (g) 
and 14 days (h). Cresyl violet 
staining. Bar = 500 µm. Arrows 
point to the track of the needle 
used to discharge the solution
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inflammatory exudate may be responsible for the increased 
area observed at the ipsilateral side of affected animals. It is 
known that 2–20 mM lidocaine inhibits the release of leukot-
riene B4 in vitro, an effect that would explain the benefits of 
local anesthetics to prevent the formation of serous exudate 
[30]. Here, the 0.5% lidocaine concentration (17 mM) would 
justify the absence of such an exudate. Moreover, increase 
of the size in the ipsilateral area of L2 rats reached its maxi-
mum at pi days 1 and 2, which might justify the subsequent 
decrease in the neuronal counting registered on pi day 3.

Increase in GFAP expression is considered one of the 
main indicators of astrocyte reactivity [32]. In our study, 
the higher astrocyte reactivity was recorded in the sham 
group with a peak expression at pi day 3, which is consist-
ent with the observation of Li et al. [33] who described this 
same pattern in astrocytes 3 days after a laminectomy at the 
T9-T11 level. Moreover, reactivity at the contralateral side 
might be explained either by the release of blood or brain 
factors as a result of injury or by the migration of astrocytes, 
which would imply a previous activation [34]. Astrocytes 
have multiple receptors and their activity is influenced by 
the action of numerous cytokines. Lidocaine can reduce or 
inhibit the production of cytokines and interleukins involved 
in the activation of inflammatory processes [35, 36]. This 
may explain, at least in part, the reduction in the reactivity 
of the astrocyte population at the C5 segment when different 
concentrations of lidocaine were applied.

Differences observed between the GFAP expression of 
lidocaine injected groups and controls (control and sham) 
were also observed by Chen et al. [37]. They suggested that 
the mechanical injury of the nervous tissue might enhance 
glutamate release, which subsequently would induce astro-
cyte activation. Lidocaine, in turn, would reduce glutamate 
release and thus inhibit the activation of astrocytes [37]. 
Nevertheless, in the present work we only report changes 
in GFAP expression; more studies focusing on other glial 
cells are needed to determine which inflammatory media-
tors are involved.

To our knowledge no other studies were carried out using 
an intraparenchymal injection of lidocaine into the spinal 
cord. Nevertheless, studies using higher concentrations of 
lidocaine than those used in the present study have shown 
that the drug is highly toxic for the nervous tissue [38], and 
for neuronal cultures [39, 40]. In addition, it is well known 
that 2.5% to 10% lidocaine concentrations induce severe 
cytotoxic effects even when administered by the intrave-
nous, epidural or intrathecal route [41–43]. In vivo studies 
conducted by Hampl et al. [44] showed that 2% lidocaine 
administered by intrathecal route did not cause histopatho-
logic or structural changes in the spinal cord, while studies 
performed by Ready et al. [45] reported that spinal cord his-
topathologic changes and neurologic deficits occurred with 
lidocaine concentrations beyond 8%. It must be pointed out 

that in those reports, the percentage of lidocaine intrathe-
cally administrated did not consider its final concentration 
at the targeted area. Nevertheless, the ratio between both 
concentrations and their effect on tissue would resemble that 
produced by the 0.5% and 2% lidocaine described in this 
report.

The intraparenchymal route allows the injection of drugs 
or therapeutic agents directly into the CNS and it is a prom-
ising method for the treatment of localized traumatic lesions, 
neurodegenerative diseases or tumors. In this work we have 
shown that the widely used local anesthetic lidocaine, used 
at 0.5% and injected by intraparenchymal via did not affect 
the neuronal populations of the rat spinal cord or showed 
pro-inflammatory effects. Therefore, we suggest a concentra-
tion of 0.5% lidocaine as an alternative treatment for local-
ized spinal cord injuries.
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