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Background: Persistent postoperative pain is common but the pathogenic mechanisms underlying it are under debate. Recent studies have 
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Introduction
Persistent postoperative pain is a common clinical 

problem that reduces quality of life. Various surgical 

procedures, e.g. thoracotomy and inguinal hernia repair, 

frequently evoke persistent pain lasting for many months 

following the initial surgery. Despite increased basic and 

clinical research and improved understanding of pathologic 

mechanisms, optimal postoperative pain therapy remains 

a challenge for physicians. Postoperative pain results from 

surgical injuries in skin, fascia, muscle, and small nerves 

innervating these tissues and the essential prolonged tissue 

retraction required during such surgeries may account for 

the persistence and high incidence of postoperative pain. 

To investigate the underlying mechanisms of postoperative 

pain, Flatters et al. have developed a new rat model of 

persistent postoperative pain evoked through prolonged 

tissue retraction which akin to clinical surgical procedures 

e.g. inguinal hernia repair[1]. 

NF- B pathway plays an important role in cell 

regulation: proli feration, immune cel l activation, 

apoptosis, stress responses, differentiation and oncogenic 

transformation. Recently, the NF-kB pathway has been 

suggested to be involved in chronic neuropathic pain. For 

example, in models of peripheral inflammation–induced 

pain or pharmacologically induced central pain, intrathecal 

administration of NF- B inhibitors resulted in transitory 
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attenuation of pain[2-4]. Local inhibition of NF- B 

activity in glial cells of the dorsal spinal cord was sufficient 

to attenuate the thermal hyperalgesia and mechanical 

allodynia that develop after CCI (chronic constriction 

injur y) of the sc iat ic ner ve [5]. Repeated systemic 

administration of an inhibitor of the NF- B–associated 

kinase complex (I B kinase), which prevents NF- B 

activation, also reduced hyperalgesia in rats[6]. Together, 

these results suggest that spinal cord NF- B activation is 

involved in heightened pain states. But whether spinal cord 

NF- B is involved in postoperative pain is unkown. 

In the present study, therefore, we investigate whether 

activation of NF- B in the spinal cord is involved in 

pain hypersensitivity after SMIR surgery. We also examine 

the preventive effect of NF- B inhibitor, PDTC, that 

inhibits I B phosphorylation[7]on SMIR-induced pain 

hypersensitivity.

Materials and methods
Animals
Male Sprague–Dawley rats weighing 200—220g

from the Experimental Animal Center of the Xuzhou 

medical college, China were used. The rats were housed 

in separated cages and were kept under a 12h/12h light–

dark cycle regimen, with free access to food and water 

ad libitum. Experiments were performed during the 

light cycle. All experimental procedures and protocols 

followed the IASP Ethical Guidelines for Investigations of 

Experimental Pain in Conscious Animal and were approved 

by the Institutional Animal Care and Use Committee of 

Xuzhou medical college. Efforts were made to minimize 

animal suffering and the number of animals.

Model
Persistent postoperative pain is induced by SMIR 

surger y as descr ibed by Flatters [1]. Br ief ly, under 

anaesthesia, skin and superficial muscle of the medial thigh 

were incised and a small pair of retractors inserted. This 

tissue was retracted for 1 h causing potential stretch of the 

saphenous nerve. Sham-operated rats underwent the same 

procedure with the exception of the skin/muscle retraction. 

Intrathecal catheter implantation
Intrathecal catheters were implanted as described 

by Yaksh and Rudy[8]. In brief, after anaesthesia with 

intraperitoneal sodium pentobarbital, bluntly separated the 

occipital muscles and then exposed the cisternal membrane, 

inserted a polyethylene catheter (PE-10) via an incision in 

the cisterna magna which advanced 7.0–7.5 cm caudally 

to the level of the lumbar enlargement. Correct intrathecal 

placement was confirmed by the dragging or paralysis of 

bilateral hind limbs after injection of lidocaine 2%, 10μl. 

The incision site was closed in layers and the catheter was 

fixed firmly under the skin and sealed effectively. The rats 

were allowed to recover for 3 days before the SMIR surgery 

and monitored daily after surgery for signs of motor 

deficiency or infection. Rats with any neurologic deficits 

were excluded from the experiment.

Spinal Drug Delivery
NF- B inhibitor, pyrrolidine dithiocarbamate (PDTC)

Alexis , Switzerland , was dissolved in sterile saline. 

Intrathecal drug administration was accomplished using 

a microinjection syringe connected to the intrathecal 

catheter in awake, gently restrained rats. The injection was 

performed manually within 30 s using a single injection 

volume of PDTC (2, 10, 50 ng per 10 μl) or normal saline 

(10 μl) followed by a flush with 10μl saline. PDTC was 

administered at day 1 after inducing SMIR and then daily 

for 7 days. 

����������
	��	
All animals were habituated to the testing environment 

for 2 days before baseline testing. Mechanical sensitivity 

was assessed using von Frey hairs with the up-down 

method, as described previously[9]. Mechanical allodynia 

was assessed with von Frey filaments. The animals, placed 

on a wire mesh platform and covered with a transparent 

plastic dome (22×12×22cm) were allowed to acclimate 

to their surroundings for 30 min before testing. The von 

Frey filaments were applied from underneath the mesh 

openings to stimulate the plantar surface of the hindpaw 

(ipsilateral to the side of surgery in animals). A series of 

von Frey filaments with incremental stiffness (1, 1.4, 2, 4, 

6, 8, 10, 15 g; North Coast Medical, USA), always started 

from the 1.0-g filament, were presented perpendicular to 

the plantar surface for 5–6 s for each filament. The paw 

withdrawal threshold was determined by sequentially 
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increasing and decreasing the stimulus strength (the ‘up-

and-down’ method). Tests were performed at 1day before 

surgery, and then 1, 3, 7 and 12 days after operation. The 

experimenter who conducted the behavioral tests was 

blinded to the nature of the experimental manipulation to 

avoid experimental bias. 

���	���
���		���
��
��!�� 

Activity of NF- B were determined by western 

blotting analysis using anti-NF- B p65 .Animals were 

deeply anesthetized with sodium pentobarbital. The spinal 

cord was extracted hydraulically immediately frozen in 

liquid nitrogen. Spinal cord samples were homogenized 

in a lyses solution of 20 mM Tris, pH 7.4, 150 mM NaCl, 

1 mM EDTA, 1% Triton X-100, and protease inhibitors 

PMSF (100 μg/ml, aproyinin, and leupeptin 10 μg/ml each) 

and sonicated. Spinal cord protein samples were obtained 

by microcentrifugation at 14,000 rpm for 10 min. Protein 

quantities were determined using the BCA method in 

a spectrophotometer. Spinal cord protein samples were 

loaded on SDS-PAGE gels and electrotransferred to NC 

membranes. After transfer, samples were incubated in 

20 ml of block buffer for 1 h at room temperature and 

washed 3 times for 10 min with 25 ml of wash buffer 

(1×TBS, 0.1%Tween20). Membranes were incubated at 4  

overnight with primary rabbit polyclonal anti-p65 (1:1000, 

Cell Signaling, USA). After incubation with the primary 

antibody, membranes were washed 3 times for 10 min each 

with 25 ml of TBS/T. Membranes were then incubated for 1 

h with secondary antibody (Sigma USA), diluted 1:1000, 

in 8 ml of secondary antibody dilution buffer, with gentle 

agitation at room temperature and detected using the NBT/

BCIP assay kit.

Data processing
All statistical analyses were performed using the 

statistical package for social science (SPSS v.13.0, SPSS Inc., 

Chicago, IL.). Data were expressed as mean ±standard error 

of the mean (SEM). Two-way analysis of variance (ANOVA) 

for repeated measurements followed by Bonferroni post 

hoc test was performed between groups in behaviour 

comparison. For NF- B p65 analysis, one-way ANOVA 

with Tukey’s test was used. Differences were considered to 

be statistically significant if P was <0.05.

Results
��	���	���
��
��!��
��
	��
�����
����
��	��
�"��
To investigate whether NF- B is activated after 

surgery, we used western blotting to examine changes of 

NF- B p65 in the spinal cord at different postoperative 

time points. The results of NF- B measurements in spinal 

cord are depicted in Fig 1. SMIR induced an increase in 

the level of NF- B p65 in the spinal cord. At 1, 3 and 7 

day after surgery, compared with the sham group, SMIR 

rats of exhibited significantly higher levels of nuclear NF-

B p65 expression (P< 0.01 at day 1 and P<0.05 at 3, 7 

after surgery). NF- B level began to increase and reached 

the peak at day 1 after operation, and then maintained for 

7 days. But at 12 days after SMIR injury, NF- B levels 

decreased and did not show statistical significance (P>0.05) 

compared to the sham group. 
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Effect of PDTC on mechanical allodynia
To investigate the functional roles of activation of NF-

B in SMIR-induced mechanical hyperalgesia, we tested 

whether intrathecal dministration of PDTC, a specific NF-

B inhibitor which has been shown to suppress the release 

of the inhibitory subunit I- B from the latent cytoplasmic 

form of NF- B[7], thereby indirectly inhibiting NF- B 

activation, reversed mechanical allodynia. As depicted in 

Fig 2., before surgery all groups exhibited similar baseline 

withdrawal thresholds. SMIR surgery evoked a persistent 

significant mechanical hypersensitivity that lasted 

throughout the testing period compared to baseline or 

sham/saline group. However, intrathecal PDTC (10 and 50 

ng) attenuated the allodynia induced by SMIR throughout 

the timecourse after drug administration (P<0.05 vs 

SMIR/saline group), whereas lower dose of PDTC (2ng) 

also showed antinociceptive effects compared to SMIR/ 

saline-treated group, but with no statistical significance. 

Interesting intrathecal PDTC 10ng and 50ng at the day 3 

after surgery showed statistical significance compare with 

both sham/saline group and SMIR/saline group (P<0.05). 

The sham groups injected with saline or PDTC showed no 

significant mechanical hypersensitivity at any time points 

compare with baseline. 

Discussion
We investigated the involvement of NF- B in SMIR. 

This study showed that, in spinal cord, the SMIR induced 

an increase in activation of NF- B starting at day 1 

and higher level of expression of NF- B until 7d after 

surgery. And the results of behavioral test demonstrated 

that intrathecal injection of NF- B inhibitor PDTC 

significantly attenuated SMIR-induced mechanical 

allodynia in a dose-dependent manner. These results 

suggest that NF- B in spinal cord plays a role in the 

development of postoperative mechanical hypersensitivity. 

Considering previous studies, it is plausible that NF-

B plays a role in postoperative pain. First, SMIR rats 

develop neuropathic painlike symptoms mechanical 

allodynia. Previously increased NF- B activity has 

been demonstrated in animal neuropathic pain models, 

while these symptoms can be relieved by an NF- B 

inhibitor[4,6,10]. Second, in humans surgical trauma cause an 

increase in the concentration of inflammatory cytokines 

at the site of incision and in plasma [11,12]. It has been 

demonstrated that inflammatory cytokines release at the 

site of injury and in plasma after surgery on rat tail in a 

rat model of postoperative pain[13]. Interestingly, these 

cytokines are proteins down-stream of NF- B. These 

indicate that inflammation is involved in postoperative 

pain. Third, SMIR is a model of persistent postoperative 

pain evoked through prolonged tissue retraction without 

directly nerve injury. Studies on peripheral neuronal 

tissue did not indicate that neurodegeneration or neuritis 

was responsible for the SMIR-evoked persistent pain 

syndrome[1]. The mechanisms underlying SMIR-evoked 

pain maybe involve a combination of nociceptive and 

inflammatory processes. 

Our present observations confirmed the hypothetical 

involvement of NF- B in SMIR. The results of the 

present study show that the expression of NF- B reaches 

the maximum at 1 day after SMIR surgery; and the NF-

B elevation at day 3 and 7 after surgery had decreased 

compare with day 1 after surgery, but still significantly 

greater than NF- B measured in sham group animals. 

At 12 days after SMIR injury, NF- B levels did not differ 

between SMIR and sham rats; however, the mechanical 

allodynia is most obvious at 12d. The appearance of NF-

B activation earlier than that of the maximal allodynia 

suggests that NF- B contributes to the nociceptive 

initiation rather than development. But the increasing 

expression of NF- B at day 1, 3 and 7 after surgery 

indicates that NF- B activation is still ongoing in SMIR 

rats. Maybe it is the explanation that why blocking NF- B 

"����
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��������� ��(*(������(��� ���
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SMIR rats after intrathecal treatment with pyrrolidine 
�����	���'�!��
� �>V[��%� �@P<0.05, @@P<0.01 vs sham/saline 
group; #P<0.05, ##>46%6#����23�{����
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activation with intreathecal administration of PDTC can 

effectively attenuate postoperative tactile allodynia at day 

7 and 12 after surgery.The results of behavior test in our 

study show that intrathecal PDTC is able to reverse already 

established allodynia at day 7 and 12 after surgery in SMIR 

rats in dose dependent manner. But neither 10ng nor 50ng 

PDTC could completely reverse the mechanical allodynia 

at day 3 after SMIR. These results indicated that intrathecal 

PDTC partially reverse already established allodynia in the 

SMIR model.   

NF- B is a major transcription factor essentially 

involved in mediating inflammatory processes[14,15] which 

exacerbate pain, hyperalgesia, and pain sensation[16]. And 

it is reported that NF- B plays a pivotal role in glial 

and neuronal cell function, not only in the process of 

inflammation in the CNS and neurodegenerative diseases, 

but also during neuronal plasticity, synaptic transmission 

and neuronal development[17]. Recently, several studies 

have demonstrated that activation of NF- B occurs in 

the DRG and spinal cord, which are both involved in the 

transmission and processing of nociceptive information. 

Increased NF- B activation has been observed in rat 

lumbar DRG neurons after partial sciatic nerve injury and 

in rat lumbar spinal cord after complete Freund’s adjuvant 

(CFA) was injected subcutaneously into the hindpaws [18,19]. 

It has also been reported that intrathecal administration of 

NF- B inhibitors, PDTC and SN50, before gp120 partially 

alleviated gp120-induced allodynia [4]. Also, intrathecal 

pretreatment with NF- B decoy or PDTC significantly 

reduced mechanical allodynia and thermal hyperalgesia 

after unilateral hindpaw inflammation induced by CFA 
[3]. Our findings are consistent with these that NF- B 

activation is involved for the induction of allodynia and 

hyperalgesia in various experimental pain models such 

as models of nerve injury[5,10,20], inflammation[21,22,23], 

diabetes[24].

NF- B's role as a critical regulator of cytokine-

inducible gene expression has been recognized by the fact 

that many of the proinflammatory cytokine genes, including  

IL-1 , IL-6 and TNF- , possess NF- B binding sites. 

Peripheral triggers such as peripheral nerve section and 

nerve inflammation can induce an intraspinal cytokine 

release[6,10]. However, SMIR evoked persistent postoperative 

pain through prolonged tissue retraction without directly 

nerve injury, neuropathic painlike symptoms and spinal 

NF- B activation in SMIR rats seems not subsequent to 

traumatic nerve injury or direct immunological stimulation. 

Interestingly, de Mos et al. recently reported that NF-

B is indeed involved in the development of allodynia 

without direct nerve injury in a rat model of IR ( ischemia 

and reperfusion ) injury[25], and the neuropathic painlike 

symptoms and spinal NF- B activation in CPIP rats are 

subsequent to IR injury instead of traumatic nerve injury 

or direct immunological stimulation [26]. Presumably, SMIR 

can induce pathological responses in the central nervous 

system (CNS) similar to IR injury induced by mechanical 

or inflammatory nerve damage, through direct activation 

of nociceptors by either inflammatory cytokines, oxygen 

species (ROS) or ROS-induced inflammatory reactions. 

Otherwise, despite the potential stretch of the saphenous 

nerve during SMIR surgery does not appear to cause 

neurodegeneration, this does not eliminate the possibility 

of neuronal hyperexcitability in saphenous afferent. Recent 

research indicates that there is rapid activation of glial cells 

and expression of IL-1  in the spinal cord of rats that have 

undergone surgery and indicate that spinal expression, 

rather than peripheral expression, of inflammatory 

cytokines has an important role in mediating the initial 

stages of postoperative pain[27]. The expression of cytokines 

and activation of glial in spinal cord may be mediated by 

NF- B that is increased in the spinal cord.

The results of behavior test indicated that intrathecal 

PDTC partially reversed already established allodynia in the 

SMIR rats. In accordance with these data, inhibiting NF-

B activity with intrathecal PDTC also partially reversed 

allodynia in the SNI (spared nerve injury) model [4]. The 

inhibition of NF- B prevented the onset of hyperalgesia, 

possibly because of reduced expression of inflammatory 

cytokines. Our observation that either dose of PDTC could 

not completely block the SMIR-induced allodynia, but only 

partially, may reflect the use of submaximal doses and ⁄ or 

another major intracellular signaling pathway utilized by, e.g. 

IL-1 , involves mitogen-activated protein kinases (MAPK), 

in particular p38[28]. Several studies reported that IL-1  ⁄ 

TNF- -induced NF- B and MAPK signalling pathways 

in astrocytes could be independent of each other[29,30,31]. 

However, we did not show directly the relationship 

between PDTC administration and decreasing NF- B 
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activity. Although this might have completed the study, we 

considered such experiments of limited additional value, 

since both a central and peripheral decrease in NF- B 

activity upon systemic PDTC treatment have already been 

demonstrated convincingly by others[32].

In conclusion, activation of NF- B in spinal cord is 

partially coincident with the development of the tactile 

allodynia induced by SMIR. Most importantly, intrathecal 

administration of NF- B inhibitor PDTC after surgery can 

attenuate SMIR-induced mechanical pain hypersensitivity, 

a common problem in clinics. Accordingly, we have 

demonstrated that SMIR- induced mechanical allodynia is, 

at least in part, mediated by spinal activation of the NF- B 

pathway. We believe that these results encourage further 

exploration of the role of NF- B in the pathogenesis of 

postoperative pain and this will potentially reveal new 

treatment opportunities for postoperative pain. However, 

our findings suggest that the inhibition of spinal NF- B 

activity alone may not be sufficient for the therapeutic 

control of postoperative pain and these new mechanistic 

insights warrant further clinical studies to establish their 

clinical benefits. 
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