
INTRODUCTION 

Treatments of neuropathic disorders are challenging ow-

ing to their varied symptoms and multifaceted pathophysi-

ology [1]. To date, neuropathic pain is difficult to treat and 

no sufficient treatment available. Instead, clinical interven-
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GFAP activation. In the 2% lidocaine infusion group, rats maintained the increased mechani-
cal withdrawal threshold even at 7 days after the discontinuation of 2% lidocaine infusion. 

Conclusions: Continuous epidural administration of 2% lidocaine inhibited the development 
of SNL-induced mechanical allodynia and suppressed IL-6 and GFAP activation regardless 
of the difference in timing of initiating lidocaine administration. 
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tions are often empirically applied to counter different 

symptoms as they arise. In such situations, one available 

option for managing neuropathic pain is continuous infu-

sion of local anesthetics. Continuous neural blockage using 

local anesthetics may be promising when initial treatment 

is ineffective [2]. Local anesthetics, such as lidocaine, bupi-
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vacaine, and ropivacaine, are widely used for chronic pain 

and neuropathic pain [1,3]. However, owing to their rela-

tively short duration of action, blocking must be repeated 

frequently to break the pain cycle. An alternative to repeat-

ed injections is continuous infusion of local anesthetics for 

neural blockage. This continuous infusion can exert a ther-

apeutic effect with potent analgesic effect. 

Among the continuous administration methods, intrathe-

cal infusion methods have been extensively studied in ani-

mals to evaluate their potential therapeutic efficacies and to 

elucidate the underlying mechanism in a rat pain model; 

however, only very few studies have been conducted using 

continuous epidural infusion [4–6]. However, instead of in-

trathecal infusion, continuous epidural infusion is preferred 

for a variety of reasons, such as consideration of drug infu-

sion period, and side effects, for the management of neuro-

pathic pain in clinical settings. Therefore, the present study 

was conducted using continuous epidural infusion. 

The L5/6 spinal nerve ligation (SNL) rat model is a clas-

sical model of nerve injury-induced neuropathic pain. This 

model represents human-like neuropathic pain [6–8]. It 

was thus selected for use in this study. Previous studies 

have reported that if pathological activity following injury 

is blocked by local anesthetics, allodynia may not develop 

[9–11]. Using local anesthetics following nerve damage can 

be considered a treatment strategy for such pain. Lidocaine 

was selected for use as the local anesthetic as it inhibits 

voltage-sensitive sodium channels; sodium channel block-

ers have been shown to be effective in the treatment of 

neuropathic pain [12]. Long-term infusion of lidocaine can 

result in an antinociceptive effect [3]. 

Neuron and glial cells contribute to the initiation and 

maintenance of neuropathic pain [13,14]. Damage to the 

tissue or the nerve causes changes in glial cells [13,14]. 

Subsequently, these reactive spinal glial cells release cyto-

kines and chemokines associated with hyperalgesia and 

mechanical allodynia, contributing to neuroinflammation 

and central mechanisms of pathological pain [15]. Activa-

tion of spinal glial cells (astrocyte and microglia) has been 

demonstrated in a rat model and in patients with neuro-

pathic disorders. Furthermore, Del Valle et al. [16] reported 

that spinal astrocyte and microglia were activated in a pa-

tient with neuropathic pain. Activation of glial cell because 

of nerve injury increased the level of glial fibrillary acidic 

protein (GFAP, a reactive astrocyte biomarker) and proin-

flammatory cytokines, such as interleukin 6 (IL-6) [17–19]. 

GFAP is known to contribute to central sensitization during 

neuropathic pain [18]. Expression level of IL-6 is frequently 

used as a marker of glial cell activation, which can occur 

following nerve injury or inflammation [15,17]. The sup-

pression of microglial and astrocytic activation attenuates 

the development of nerve injury-induced neuropathic pain 

[13]. Therefore, we measured the levels of GFAP and IL-6 to 

determine whether continuous epidural infusion of lido-

caine attenuates glial cell activation. 

Although conventional animal and human studies sup-

port the use of local anesthetics for the treatment of neuro-

pathic pain, the effects of continuous epidural infusion of lo-

cal anesthetics on the progression of neuropathic pain has 

not yet been examined. In general, early initiation of treat-

ment is associated with a better prognosis in neuropathic 

disorders [1]. However, the relationship between timing of 

treatment initiation and therapeutic effects has not been ad-

equately studied. Moreover, most therapeutic drugs used in 

animal models of neuropathic pain were tested for a short 

period of 1 week. Hence, its role in the pathophysiology of 

neuropathic pain during a 2-week period is unclear. 

Thus, we investigated whether the timing of initiating 

continuous epidural infusion of lidocaine for 2 weeks af-

fected the glial activation and development of neuropathic 

pain induced by L5/6 SNL in rats. Also we investigated 

whether therapeutic effect of lidocaine maintained at 7 

days after the discontinuation of 2% lidocaine infusion.  

MATERIALS AND METHODS 

This study was conducted in accordance with the guide-

lines for the care and use of laboratory animals of the Na-

tional Research Council and the ethical guidelines for ani-

mal research by Kangwon National University. The study 

protocol was approved by the Institutional Animal Care 

and Use Committee of Kangwon National University, 

Chuncheon, South Korea (no. KIACUC-17-113). 

Animal preparation 

All experiments were performed with male Sprague–

Dawley rats (Central Lab. Animal Inc., Korea), each weigh-

ing 200–250 g on the day of surgery. Following their arrival, 

rats were acclimated in their assigned cages for 2–3 days 

prior to experiment initiation. Rats were housed in plastic 

cages with soft bedding in an environment maintained at a 

constant temperature of 22–24°C in a 12-h light/dark cycle. 

After surgery, rats were housed in individual cages and 
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were provided water and food ad libitum . A total of 32 male 

rats were randomly divided into four groups: sham (sham 

operation only without SNL; n =  8), control (SNL, saline 

infusion started 1 day after SNL model establishment and 

administered for 14 days; n =  8), no delay group (SNL, 2% 

lidocaine infusion started 1 day after SNL model establish-

ment and administered for 14 days; n =  8), and 1-week de-

lay group (SNL, 2% lidocaine infusion started 14 days after 

SNL model establishment and administered for 14 days; n 

=  8) (Fig. 1). The primary outcome was the change in me-

chanical withdrawal thresholds. Measures were taken to 

minimize the number of animals used in this study. The 

behavioral analyst was blinded to the experimental group 

of each animal tested. Animals that showed neurologic 

deficits, disability of movement after surgery, and malfunc-

tion of catheter were excluded from the study. 

L5/6 SNL and epidural catheterization 

Rats were anesthetized with a combination of ketamine 

(50 mg/ml, Yuhan, Korea) and xylazine (10 mg/ml, Bayer, 

Germany), which was intraperitoneally administered at a 

dosage of 1 ml/kg. Adequate anesthesia was ascertained by 

the lack of ocular reflex and absence of a withdrawal re-

sponse to a pinch at the hind limb. Neuropathic pain was 

induced following the methods of Kim and Chung [7]. 

Rats were anesthetized and placed under a microsurgical 

apparatus in the prone position. A midline incision was 

made on the back, and the left paraspinal muscles were 

separated from the spinous processes at the L4-S2 levels. 

The L5 transverse process was carefully removed, and the 

L4-L5 spinal nerves were identified. The nerves were gently 

separated, and the L5 nerve was tightly ligated with a 6-0 

silk thread. The left L6 spinal nerve was located caudal and 

medial to the sacroiliac junction and then tightly ligated 

with a silk thread. For epidural administration of drug, 

polyethylene catheter (SP-45; sterile saline-filled tube; in-

ner diameter, 0.58 mm; outer diameter, 0.96 mm; Nazme 

Corporation, Japan) was inserted into the epidural space 

through an incision in the atlanto-occipital membrane 

from the cervical to lumbar epidural space. The internal tip 

of the polyethylene tube was located close to the L3-4 level. 

We confirmed in preliminary experiments, using injection 

of a dye through the catheter, that the dye was delivered to 

the epidural space around the L3-L5 level in rats. Rats 

showing sensory dysfunction after epidurally injecting 2% 

lidocaine were considered to have had a successful implan-

tation of the epidural catheter. The doses selected for epi-

dural lidocaine infusion were based on a preliminary study, 

in which rats were epidurally injected 2% lidocaine and 

Fig. 1. CONSORT diagram of the study design. SNL: spinal nerve ligation.
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showed sensory block without blocking motor function, 

demonstrating normal walk during the lidocaine infusion 

period. After rats were euthanized, we confirmed that the tip 

of the catheter was appropriately located in proximity to the 

L3-4 level in the epidural space. The external end of the 

polyethylene tube was connected to a mini-osmotic pump 

(Alzet Model 2ML1, pumping rate 10 µl/h, fill volume 2 ml, 

Durect Corporation, USA). The pump was subcutaneously 

fixed, and the wound was closed with silk sutures. In the 

control group, epidural administration of saline was initiated 

1 day after SNL model establishment using the von Frey test.  

The previous study reported that the longer length of 

epidural infusion of local anesthetics for neuropathic pain 

was associated with a higher success rate [2]. Considering 

the life cycle of the rat, 2 weeks is considered to be a suffi-

ciently long time as the administration period of lidocaine. 

So we chose 2 weeks for infusion period. In previous stud-

ies using rats, the duration of continuous infusion was 1–2 

weeks [4,6], so the interval of 1 week was selected as the 

comparison period of the therapeutic effect. In the lido-

caine infusion groups, epidural administration of 2% lido-

caine was initiated 1 or 7 days after SNL model was estab-

lished using the von Frey test. The drug administrated con-

tinuously at a rate of 2 ml/7 days (20 mg/ml of lidocaine) 

for 14 days. Epidural catheter removed 7 days after the ter-

mination of drug infusion. Postoperative analgesia was not 

provided owing to the confounding effect of analgesics on 

the assessment of neuropathic pain behaviors. 

Von Frey test 

An experimenter who was blinded to the group assign-

ment performed the behavioral test. Motor function was 

evaluated by testing the rat’s ability to ambulate in a normal 

posture and observing the righting and placing/stepping re-

flexes before the daily behavior assessments. To quantify 

mechanical allodynia, paw withdrawal threshold (PWT) of 

rats was determined by the von Frey test during the daylight 

(between 9 a.m. and 3 p.m.) [20]. Rats were allowed to accli-

matize to a transparent acrylic box installed on a wire net for 

30 min before the experiment. The von Frey filament was 

applied to the plantar skin of the hind paw. Touch percep-

tion thresholds were measured using the up–down method 

with von Frey hairs. Minimum stimulus intensity was 0.4 g 

and maximum stimulus intensity was 15 g. Each filament 

was applied five times. The interval of each stimulus was 3 

min, and responses to three out of five stimuli were regarded 

as positive. Stimulus began at 2.0 g and a total of six fila-

ments were used via the up–down method according to the 

response. During the experiment, a series of von Frey fila-

ments was applied to the plantar surface of rat hind paws. A 

positive response was defined as sharp withdrawal of the left 

hind paw or immediate flinching on removal of the filament. 

To confirm neurologic symptoms, the PWTs were investigat-

ed using a von Frey filament (monofilament, Stoelting Co., 

USA) at 7-day intervals (from before experiment to sacrifice). 

We assessed the PWTs up to 7 days after the termination of 

drug infusion (Fig. 2). 

Motor function assessment 

Motor function was evaluated by testing the animal’s 

ability to ambulate in a normal posture and observing the 

righting and placing/stepping reflexes before the nocicep-

tive behavioral assessments. 

Hematoxylin and eosin staining 

Rats were euthanized by decapitation method using a 

guillotine by a trained person under intraperitoneal injec-

tion of ketamine (50 mg/ml) and xylazine (10 mg/ml), 

which was intraperitoneally administered at a dosage of 1 

ml/kg, at 7 days after discontinuation of lidocaine or saline 

infusion. 

Fluorescent immunohistochemistry was prepared to ex-

amine the change in rat spinal cord cells at 7 days after dis-

continuation of lidocaine infusion or at 4 weeks after the 

control surgery. After deep anesthesia by intraperitoneal in-

jection of ketamine and xylazine, rats were perfused intrac-

ardially with normal saline followed by 4% paraformalde-

hyde in 0.1 M phosphate buffer (0.08 M K2HPO4, 0.02 M 

NaH2PO4, pH 7.4) for 20 min. The lumbar enlargement of the 

spinal cord was removed and fixed in 10% formaldehyde. 

Transverse sections of this enlargement were embedded in 

paraffin, sectioned (6 µm), and stained with hematoxylin 

and eosin for examination under a light microscope. The 

hematoxylin and eosin staining procedures of Chu et al. [4] 

were followed. Histopathological changes were evaluated in 

a blinded fashion by the senior pathologist.  

Protein expression of GFAP and IL-6 in the ipsilateral 
spinal nerve  

The ipsilateral L4-5 spinal nerve samples were removed, 
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homogenized and centrifuged at 15,000 rpm for 15 min at 

room temperature (23–25°C). Levels of GFAP and IL-6 were 

quantified using enzyme-linked immunosorbent assay kits 

(Wuhan fine Biological Technology Co., Ltd., China) ac-

cording to the manufacturer’s instructions. Samples were 

measured in duplicate, and content of each experimental 

sample was obtained using a standard curve. 

Statistical analysis 

Data are presented as median and inter-quartile range 

(IQR). The Mann–Whitney U test was used to compare the 

data of experimental groups. The Wilcoxon signed-rank 

test was used to compare the data of intra-group. 

The sample size was calculated based on a previous 

study [10]. Considering a two-sided significance level of 

0.05, 80% power, and an effect size of 0.5, power analysis 

estimated a needed sample size of 6 animals per group as-

suming a relevant effect level of 30% pain related behavior. 

Further, with a dropout rate of 20%, 8 animals per group 

(total 32 rats) were considered as ideal. For all compari-

sons; P <  0.05 was considered statistically significant. Sta-

tistical analyses were performed using SPSS 24.0 (IBM Co., 

USA). 

RESULTS 

Continuous epidural infusion of 2% lidocaine 
blocked the development of SNL-induced 
mechanical allodynia regardless of differences in 
timing of initiation of lidocaine administration 

Fig. 3 shows the time course changes in right hind PWT 

to von Frey filaments SNL. In rats undergoing nerve liga-

tion with saline infusion, the baseline withdrawal thresh-

olds decreased after nerve ligation. Withdrawal thresholds 

did not change in rats undergoing sham operation. During 

the infusion period, PWTs of the 2% lidocaine infusion 

group significantly differed from control group (P <  0.05). 

In contrast, there was no significant change in withdrawal 

thresholds among the groups that received 2% lidocaine 

infusion after nerve ligation. In addition, we sought to as-

sess neuropathic behavior at 7 days after the termination of 

2% lidocaine infusion. In all groups that received 2% lido-

caine infusion, rats maintained the increased mechanical 

withdrawal threshold even 7 days after discontinuation of 

2% lidocaine infusion. No motor weakness was observed in 

any groups during the study period, as revealed by the nor-

mal righting/stepping reflexes and ambulation. 

Von Frey test(   )

Von Frey test(   )

Von Frey test(   )

Base

Base

Base

1-week

(Saline infusion)

(GFAP, IL-6)

(GFAP, IL-6)

(GFAP, IL-6)

Days after SNL model was established

Days after SNL model was established

Days after SNL model was established

(2% lidocaine infusion)

(2% lidocaine infusion)

1-week

1-week

2-weeks

2-weeks

2-weeks

3-weeks

3-weeks

3-weeks 4-weeks

SNL model establishment

SNL model establishment

SNL model establishment

A

B

C

Fig. 2. Timeline of control group (A), no delay group (B), and 1-week delay group (C). Bar below the X-axis represents epidural infusion with lidocaine 
or saline for 14 days. SNL: spinal nerve ligation, IL: interleukin, GFAP: glial fibrillary acidic protein.
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Histological assessment 

Fig. 4 shows the hematoxylin and eosin-stained lumbar 

spinal cord sections from rats receiving saline (sham 

group-Fig. 4A and control group-Fig. 4B) or 2% lidocaine 

for 14 days (no delay group-Fig. 4C and 1-week delay 

group-Fig. 4D). Continuous infusion of 2% lidocaine in-

duced no obvious histopathological change in the spinal 

cord. 

Biochemical analysis 

As shown in Fig. 5, continuous infusion of 2% lidocaine via 

an epidural catheter significantly decreased the levels of IL-6 

and GFAP relative to those in the control group, regardless of 

lidocaine infusion time in the L4-5 spinal nerve (P <  0.05). 

There were no significant differences in IL-6 or GFAP among 

the groups administered 2% lidocaine infusion at different 

time points. Continuous epidural infusion of 2% lidocaine 

was found to alleviate the production of proinflammatory 

cytokines in the spinal nerve of rats with SNL, indicating that 

it exerted an anti-neuroinflammatory effect.  

DISCUSSION 

In the present study, continuous epidural administration 

of 2% lidocaine for 14 days prevented nerve-ligation in-

duced pain. To add, this administration for 14 days post-

SNL ameliorated the development of mechanical allodynia 

regardless of infusion start time. Moreover, the increase in 

mechanical pain thresholds was maintained, even 7 days 

after the discontinuation of lidocaine infusion. Epidural li-

docaine inhibited proinflammatory cytokine (IL-6) and as-

trocyte marker (GFAP) activation induced by nerve liga-

tion. Our findings suggest that this administration could 

influence the regulation of SNL-induced pain and may be a 

promising therapeutic intervention for managing nerve in-

jury-induced neuropathy regardless of the start time of 

treatment. 

The pathophysiological mechanisms underlying neuro-

pathic disorders that lead to neuropathic pain are complex 

and multifactorial, and certain aspects of its mechanisms 

are yet to be elucidated [1,3]. Neuropathic pain is usually 

refractory to treatment [1,17,18]. However, an attempt at 

local anesthesia during or immediately following injury 

Fig. 3. Effect of continuous epidural infusion of 2% lidocaine for 14 days on SNL-induced mechanical allodynia, measured as paw withdrawal 
threshold to von Frey filament stimulus. Rats were randomly divided into four groups: sham (sham operation only without SNL), control (SNL, 2 ml/7 
days, saline infusion started 1 day after SNL model establishment and administered for 14 days), no delay group (SNL, 2 ml/7 days, started 2% 
lidocaine infusion 1 day after SNL model establishment and administered for 14 days), and 1-week delay group (SNL, 2 ml/7 days, 2% lidocaine 
infusion started 7 days after SNL model establishment and administered for 14 days). Arrow indicates start point of lidocaine infusion. Values are 
presented as median (1Q, 3Q). SNL: spinal nerve ligation. *P < 0.05 vs. sham group. †P < 0.05 vs. control group (Mann-Whitney U test, n = 6-8 per 
group). ‡P < 0.05 vs. value just before lidocaine infusion (Wilcoxon signed-rank test, n = 6-8 per group). 
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has been postulated as a treatment strategy [9,10]. Clifford 

et al. [11] reported that preemptive local anesthetic attenu-

ates the maintenance of mechanical allodynia in a rat SNL 

model. Thus suggesting that locally administering anes-

thetics, such as lidocaine, bupivacaine, and ropivacaine, 

close to the time of injury, reduces the development of 

neuropathic pain [3,10]. Administration of local anesthet-

ics, sodium channel blocker, has attenuated ectopic dis-

charges and suppressed the expression of the neuronal 

pain marker [10]. Systemic and epidural administration of 

local anesthetics produce analgesia and anti-hyperalgesia 

at doses below those that block motor nerve [5,21]. 

The SNL model is a notable and currently used model that 

reflects the mechanisms of neuropathic disorders [4–7]. The 

A

A

B

B

C D

Fig. 4. Photo-micrographic representation of hematoxylin and eosin-stained lumbar spinal nerve sections from sham (A), control group (B), no delay 
group (C), and 1-week delay group (D). Rats received infusion of saline or 2% lidocaine (10 μl/h) for 14 days. Original magnification ×400. Spinal 
sections displayed normal histological appearance. Based on microscopic examination, we found no gliosis, demyelination, fibrosis, inflammation, 
hemorrhage, or necrosis at the lumbar level in the spinal nerves.
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Fig. 5. Effect of continuous epidural infusion of 2% lidocaine on the protein expressions of IL-6 (A) and GFAP (B) in a rat model of SNL-induced 
neuropathic pain. Rats were randomly divided into three groups: control (SNL, 2 ml/7 days, started saline infusion 1 day after SNL model 
establishment and administered for 14 days), no delay group (SNL, 2 ml/7 days, 2% lidocaine infusion started 1 day after SNL model establishment 
and administered for 14 days), and 1-week delay group (SNL, 2 ml/7 days, 2% lidocaine infusion started 7 days after SNL model establishment 
and administered for 14 days). Data are presented as mean ± SD. SNL: spinal nerve ligation, IL: interleukin, GFAP: glial fibrillary acidic protein. *P < 
0.05 vs. control group. 
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expressions of proinflammatory cytokine genes is associated 

with hyperalgesia and mechanical allodynia [14]. Reported-

ly, the levels of proinflammatory cytokines are enhanced in 

patients with neuropathic pain syndrome, thereby implicat-

ing the influence of glia-related neuro-inflammation in its 

pathophysiology [16,22]. Astrocytic activity contributes to 

the maintenance of pain [13]. GFAP (reactive astrocyte bio-

marker) plays an important role in Schwann cell prolifera-

tion after nerve injury [17,18]. Schwann cells produce sever-

al proinflammatory cytokines, which mediate neuropathic 

pain [17,18]. These proinflammatory mediators also consti-

tute a cytokine network that results in chronic inflammation 

associated with neuropathic pain. It has been suggested that 

activated proinflammatory cytokines and astrocytes play an 

important role in the initiation phase of nerve injury-in-

duced neuropathic pain [17–19,23]. Increased spinal cyto-

kines and GFAP levels of in SNL rats indicated the occur-

rence of hyperalgesia and mechanical allodynia in the de-

velopment of neuropathic pain [24–26]. Hence, in the pres-

ent study, we opted to use IL-6 and GFAP as biological 

markers of hyperalgesia and mechanical allodynia. Our re-

sults showed that the levels of IL-6 and GFAP decreased in 

the groups continuously administered 2% lidocaine infusion 

compared with those in the control group. In addition, we 

found that a 2-week infusion period could increase mechan-

ical pain thresholds. 

Levels of cytokines are greater in patients with neuro-

pathic pain syndrome, and their increase gradually re-

solves over a period of 6 years post-injury [27,28]. Such 

changes in cytokines are related to the extent of mechani-

cal hyperalgesia [29]. In a human study, a longer treatment 

period was associated with a higher success rate, which in-

dicates that treatment should be continued for long 

enough period to break the pathological cycle maintained 

by the pain [2]. In a clinical situation, duration of continu-

ous administration is greater than 14 days and epidural in-

fusion is a frequently used method. However, in most ex-

perimental animal studies with the neuropathic pain mod-

el, the duration is 7 days and intrathecal infusion is a fre-

quently used method. Therefore, in the present study, we 

opted to continue blocking for 14 days using the epidural 

infusion method. 

In the present study, continuous epidural blocking 

caused good therapeutic effects, regardless of whether 

treatment began within week after nerve injury. This find-

ing implies that even if the patient’s visit is delayed, active 

treatment using continuous epidural infusion of 2% lido-

caine could be effective if they have nerve damage, regard-

less of when this damage occurs. Furthermore, we believe 

that continuous epidural blocking could be proactively 

recommended for patients with neuropathy. Long-term in-

fusion of lidocaine is often recommended for treating neu-

ropathic pain [1,3]. The main action of lidocaine is the 

blockade of voltage-gated sodium channels [30]. Based on 

cumulative evidence, sodium channels play a role in the 

pathogenesis of neuropathic pain [13,30]. Perineural ad-

ministrations of local anesthetics have been used to man-

age chronic neuropathic pain in in previous studies [2,12]. 

Hence, continuously administering 2% lidocaine via epi-

dural could be useful for treating the hyperalgesia state, 

such as neuropathy and neuropathic pain syndrome.  

Our study has several limitations. First, IL-6 and GFAP 

were used as proinflammatory cytokines. Further studies 

should include additional types of proinflammatory cyto-

kines. Second, the present study used ketamine to induce 

anesthesia. However, owing to the low dosage used (once, 

equally for all groups), we believe that ketamine may have 

not affected PWTs. Nevertheless, this is the first study to in-

vestigate the effect of a 2-week continuous epidural infu-

sion of 2% lidocaine with different initiation times of drug 

infusion after spinal nerve injury. The findings obtained 

herein indicate that continuous infusion of epidural lido-

caine not only prolongs analgesic effects but also improves 

therapeutic effects. 

In conclusion, our results suggest that continuous epi-

dural administration of lidocaine may serve as a promising 

therapeutic intervention for preventing neuropathy, not 

only immediately after the occurrence of neuropathic pain 

but also after a slight time delay. 
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