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Abstract

Opiate/narcotic analgesics are the most effective treatments for chronic severe pain, but their 

clinical utility is often hampered by the development of analgesic tolerance. Recent evidence 

suggests chronic morphine may activate glial cells to release proinflammatory cytokines. In this 

study, we used herpes simplex virus (HSV) vectors-based gene transfer to dorsal root ganglion to 

produce a local release of p55 TNF soluble receptor in the spinal cord in rats with morphine 

tolerance. Subcutaneous inoculation of HSV vectors expressing p55 TNF soluble receptor into the 

plantar surface of the hindpaws, enhanced the antinociceptive effect of acute morphine in rats. 

Subcutaneous inoculation of those vectors into hindpaws also delayed the development of chronic 

morphine tolerance in rats. TNF soluble receptor expressed by HSV vector reduced gene 

transcription of mRNA of spinal TNFα and IL-1β induced by repeated morphine. Furthermore, we 

found that TNF soluble receptor mediated by HSV, reversed the upregulation of TNFα, IL-1β and 

phosphorylation of p38 mitogen-activated protein kinase (MAPK) induced by repeated morphine. 

These results support the concept that proinflammatory cytokines may play an important role in 

the pathogenesis induced by morphine. This study provides a novel approach to treating morphine 

tolerance.
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INTRODUCTION

Chronic pain resulting from tissue injury or damage to structures in the nervous system, is a 

multidimensional phenomenon involving physical states and psychosocial variables, and is a 

significant clinical problem. Opiate/narcotic analgesics are the most effective treatments for 

severe pain, but their clinical utility is often hampered by the development of analgesic 

tolerance, as well as by de novo painful hypersensitivity to innocuous and noxious stimuli, 

phenomena observed in both animal and human studies1–4. Classical concepts (the 

prevailing neuron-centered view) have evolved in recent years with the realization that 

alterations in neuronal functions fail to explain all of the crucial mechanisms involved5, 6. 

Since early 1990's, the studies have progressively challenged the classical concept that glia 

only serve a passive support function in the CNS. Glial cells are considered to be crucial 

sources of nitric oxide (NO), cytokines (e.g. TNFα, IL-1β), and cyclooxygenase products 

that influence synaptic transmission in the CNS7. The chronic morphine-induced activation 

of glial proinflammatory immune responses could activate the MAPK and protein kinase C 

(PKC) pathways, which are key players in the intracellular signaling cascade leading to the 

development of morphine tolerance8. Administration of the glial metabolic inhibitor 

fluorocitrate has been found to attenuate the development of morphine tolerance9. 

Pentoxifylline (a glia inhibitor) significantly blocked the development of morphine tolerance 

in naive mice, as well as in a model of neuropathic pain10. Evidence that intrathecal 

pretreatment with minocycline (microglia inhibitor) attenuates not only the development of 

morphine antinociceptive tolerance, but also the activities of spinal glia induced by chronic 

morphine treatment11. Chronic morphine increased glia activation releasing TNFα and/or 

IL-1β in the spinal cord3, 9, 12, 13, and inhibition of these factors may delay morphine 

tolerance3, 12. The mechanism underlying the involvement of glial cell products in morphine 

tolerance is unclear in detail.

Gene transfer offers the possibility to produce and release bioactive macromolecules in a 

local site in vivo. The local production of neurotransmitters achieved by therapeutic gene 

transfer, may be used to achieve desired outcomes, while avoiding unwanted adverse side 

effects that would result from activation of the same receptors in other pathways by a 

systemically administered drug14. Among the several gene transfer vectors that are 

available, herpes simplex virus (HSV) is particularly well suited for delivery of a gene in the 

peripheral nervous system15. Recombinant vectors that are entirely replication defective, 

retain the ability to establish a persistent quiescent state in neurons, but are unable to 

replicate (or reactivate) in the nervous system15. We have constructed highly replication-

defective HSV genomic vectors that establish a persistent state that can be used to deliver 

and express transgenes in DRG neurons. Transduction of sensory neurons of the DRG by 

footpad inoculation with HSV-based vectors coding for human proenkephalin, produces an 

antihyperanalgesic effect in models of acute thermal pain16, is antinociceptive in subacute 

inflammatory pain17, and reduces both nocifensive behavior and joint destruction in a rodent 

model of arthritis18. DRG neurons transduced with an HSV vector transport transgenecoded 

enkephalin both centrally and peripherally in the bipolar axon of the primary sensory 

afferent19. Recently, we have demonstrated that highly defective HSV-based vectors can be 

used to transduce neurons of the DRG to release bioactive peptides from nerve terminals in 
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the spinal cord, to produce antinociceptive effects in models of inflammatory and 

neuropathic pain20–22. HSV vectors encoding preproenkephalin demonstrated physiological 

improvement in visceral pain induced by bladder irritation either23. In the current study we 

investigated the effect of HSV-mediated expression of p55 TNF soluble receptor (TNFSR) 

on morphine tolerance in rats. We found that HSV vector-mediated TNFSR expression 

enhanced the antinociceptive effects of acute morphine and attenuated tolerance of chronic 

morphine in rats.

RESULTS

Expression of TNF soluble receptor mediated by T0TNFSR vector in vivo

We have previously reported that the non-replicating herpes HSV vector T0TNFSR 

produces p55 TNFSR in primary DRG neurons in culture in vitro24, and in the lumbar DRG 

and spinal cord in vivo following subcutaneous inoculation with the vector in the hindpaws 

of rats24. In the current study, the expression of spinal TNFSR mediated by HSV in 

morphine tolerance rats was tested. We injected vectors (T0TNFSR or control vector T0Z) 

into the rat hindpaws. One week after vector injection, rats received chronic morphine for 7 

days. Then the spinal cords were harvested, and Western blots were carried out for the 

expression of TNFSR. We found that inoculation of T0TNFSR significantly upregulated the 

expression of TNFSR in the spinal dorsal horn (Fig.1).

The effect of HSV vector expressing TNFSR on acute morphine antinociception

Previous evidence shows that intrathecal injection of acute morphine produces analgesia that 

dissipates by ~100 min, following which intrathecal interleukin 1 receptor antagonist 

(IL-1ra), soluble TNF receptor or interleukin 6 (IL-6) neutralizing antibody, unmasked 

significant continuing analgesia (135 min and 155 min)25, 26. Morphine analgesia is 

extended in mice with transgenic over-expression of IL-1ra within the brain and spinal cord 

or mice with targeted deletion of IL-1 receptor26. In the current study, rats were inoculated 

into two hindpaws with T0TNFSR or T0Z. One week after vector inoculation, animals 

received acute morphine (1, 3, or 10 mg/kg, IP). Thermal tail flick test and hot plate test 

were conducted to get thermal latency. Antinociceptive response induced by acute morphine 

progressively declined at 90 min, being almost completely abolished at 120–150 min in rats 

inoculated with T0Z. However, rats inoculated with T0TNFSR still showed the 

antinociceptive effect at 120–150 min. Thus, we think that HSV vector T0TNFSR 

expressing TNFSR enhanced antinociceptive effect of acute morphine (Fig.2).

The changes of the spinal TNFα, IL-1β and p-p38 in morphine tolerance rats

Evidence demonstrates that intrathecally or systemically repeated morphine induced 

upregulation of proinflammatory cytokines (e.g. TNFα, IL-1β) and phosphorylation of 

p383, 12, 27, 28. In our model of morphine tolerance, saline or morphine (17.5 mg/kg, IP) 

were administered once daily for 7 days. Thermal tail flick test and hot plate test were 

conducted at 60 min after morphine to get thermal latency. After a 7-day treatment with 

chronic morphine, rats showed a significant loss of the antinociceptive effect compared to 

that on day 1 (data not shown). After a 7-day treatment with chronic morphine or saline, 

spinal TNFα and IL-1β were examined with a Western blot. Chronic morphine significantly 
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upregulated spinal TNFα and IL-1β, and enhanced phosphorylation of p38 (Fig.3) compared 

to vehicle.

The effect of HSV vector expressing TNFSR on morphine tolerance behavioral response

Recent studies demonstrate that repeated morphine induced upregulation of 

proinflammatory cytokines (e.g. TNFα, IL-1β, and IL-6), and that morphine tolerance is 

markedly attenuated by genetic or pharmacological blockade of IL-1 signaling3, 12, 26. A 

soluble TNF receptor may prevent TNFα from binding TNF receptor on the surface of cells. 

In this study, we examined whether overexpression of TNFSR mediated by HSV vectors 

changed chronic morphine tolerance. One week after vectors, rats received chronic 

morphine for 7 days. A thermal tail-flick test and hotplate test were conducted to get thermal 

latency. Rats with T0TNFSR showed a higher MPE at day 5–7 after morphine compared to 

rats with T0Z. Thus, HSV vectors expressing TNFSR delayed the development of morphine 

tolerance (Fig. 4).

The effects of HSV vector expressing TNFSR on mRNA of spinal TNFα and IL-1β in 
morphine tolerance rats

Glia in the central nervous system are activated by chronic morphine and increase gene 

transcription of proinflammatory cytokines12. In this study, the expression of mRNA for 

spinal TNFα and IL-1β was measured by qRT-PCR. In the sham group, rats received T0Z 

and chronic saline for 7 days. Chronic morphine significantly increased mRNA levels of 

TNFα and IL-1β in rats with T0Z compared to the sham group. The expression of TNFα and 

IL-1β mRNA in morphine tolerance rats with T0TNFSR was significantly lower than that in 

morphine tolerance rats with T0Z, suggesting that HSV vector expressing TNFSR 

significantly suppressed the overexpression of mRNA of TNFα and IL-1β (Fig. 5).

The effects of HSV vector expressing TNFSR on TNFα, IL-1β and p-p38 in the DRG in 
morphine tolerance rats

Evidence indicates that the DRG is essential for morphine antinociceptive tolerance29. 

Although there are reports that repeated morphine induces proinflammatory cytokines 

release from the spinal glia cells7, 12, few studies investigate the change of proinflammatory 

cytokines in the DRG level. Previous studies demonstrate that chronic morphine exposure 

increased phosphorylation of mitogen-activated protein kinases (MAPKs), including p38 in 

DRG neurons30, 31. In the current study, we examined whether overexpression of TNFSR 

mediated by HSV vector reduced neurochemical changes in morphine tolerance. In the sham 

group, animals received T0Z and chronic saline for 7 days. Animals inoculated with T0Z 

showed a statistically significant increase in TNFα, IL-1β and p-p38 in the DRG in the 

chronic morphine state compared to sham. TNFα, IL-1β, and p-p38 in morphine tolerance 

rats with T0TNFSR in the DRG, was significantly lower than that in morphine tolerance rats 

with T0Z (Fig.6).
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The effects of HSV vector expressing TNFSR on the spinal TNFα, IL-1β and p-p38 in 
morphine tolerance rats

In this experiment, we challenged whether overexpression of TNFSR mediated by HSV 

vector reduced neurochemical changes in morphine tolerance. In the sham group, animals 

received T0Z and chronic saline for 7 days. Animals inoculated with T0Z showed a 

statistically significant increase in the spinal TNFα, IL-1β and p-p38 in the chronic 

morphine state compared to sham. The expression of spinal TNFα, IL-1β and p-p38 in 

morphine tolerance rats with T0TNFSR, was significantly lower than that in morphine 

tolerance rats with T0Z. Thus, the results showed that HSV vector expressing TNFSR 

significantly suppressed the upregulation of TNFα, IL-1β and p-p38 induced by chronic 

morphine in the spinal cord (Fig.7).

DISCUSSION

Evidence suggests that proinflammatory cytokines play an important role in the phenomena 

of morphine tolerance9, 12, 25. The results of the current study demonstrated that 1) the 

expression of TNFSR mediated by HSV vectors enhanced acute morphine antinociception; 

2) spinal TNFα, IL-1β and p-p38 were increased in morphine tolerance rats; 3) HSV vector 

expressing TNFSR suppressed mRNA of spinal TNFα and IL-1β in morphine tolerance; and 

4) HSV vector expressing TNFSR reversed upregulation of spinal TNFα, IL-1β and p-p38 

induced by repeated morphine.

Morphine has profound immunomodulatory effects, influencing immune cells directly via 

opioid receptors and indirectly by modulating neuroendocrine systems that regulate immune 

function32, 33. Systemic morphine induced upregulation of spinal proinflammatory 

cytokines12. Moreover, brain-to-spinal cord projections contribute markedly to systemic 

opioid tolerance34. Chronic morphine given intrathecally induced morphine tolerance and 

activation of the spinal proinflammatory systems3. Thus, activation of spinal 

proinflammatory systems after systemic morphine may be, at least in part, involved in 

morphine tolerance.

It is notable that the expression of glial activation markers increases in the spinal cord and 

brain only after chronic exposure to morphine9, 12, 35, 36, and that activated glia release 

proinflammatory cytokines7. Recent evidence shows that proinflammatory cytokines (e.g. 

TNFα, IL-1β) play an important role in the antagonism of morphine analgesia and the 

development of morphine tolerance and withdrawal3, 9, 12, 35. Glial inhibitor potentiated the 

antinociceptive effect of acute morphine37. In the acute morphine experiment, intrathecal 

injection of morphine produces antinociceptive effect that dissipates by about 100 min, 

following which intrathecal TNFα soluble receptor unmasks significant continuing analgesia 

(135 min to 155 min)25. An important finding from the present study is that overexpression 

of soluble TNF receptor by HSV vector enhanced the acute antinociceptive effect of 

morphine, which is consistent with the previous results3. Spinal IL-1 protein also opposes 

systemic opioid analgesia25. The systemic IL-1 receptor antagonist potentiates acute 

systemic morphine antinociception26. Acute morphine and methadone administration causes 

a proinflammatory cytokines-mediated opposition of acute intrathecal and/or systemic 

opioid antinociception25. These data above demonstrate that opioid-induced 
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proinflammatory mediators contribute significantly to the opposition of morphine analgesia 

even upon the first exposure to opioids25.

Evidence demonstrates that either intrathecallly or systemically repeated morphine induced 

upregulation of spinal proinflammatory cytokines (e.g. TNFα, IL-1β) and phosphorylation 

of p383, 12, 25, 27, 28. TNF soluble receptor may prevent TNFα from binding the TNF 

receptor on the surface of cells. Propentofylline (inhibitor of the activation of glia) reduces 

chronic morphine-induced upregulation of mRNA for IL-1β, IL-6 and TNFα at the L5 

lumbar spinal cord13. Chronic administration of a combination of IL-1ra, TNFSR and anti-

IL-6 antibody restores acute morphine antinociception in nerve-injured rats and also 

significantly reversed the development of morphine tolerance12. Antinociceptive effects of 

morphine is extended in strains of mice genetically impaired in IL-1 signaling; acute or 

chronic blockade of IL-1 signaling by various IL-1ra, or IL-1 tri-peptide antagonist 

significantly prolongs and potentiates antinociceptive effect of morphine26. 

Proinflammatory mediators often synergize and interact in the morphine tolerance. P38 

MAPK activation is pivotal to the release of several inflammatory cytokines38, 39, and has 

been implicated in glia mediated morphine anti-analgesia40. Etanercept is a recombinant 

TNF soluble receptor; it binds to the released TNFα, and prevents its interaction with 

membrane receptors. Recent study demonstrates that etanercept restores the antinoceptive 

effect of morphine in morphine-tolerant rats by inhibition of proinflammatory cytokine 

TNF-α, IL-1β, and IL-6 expression and spinal neuroinflammation41. Application of a 

mitogen-activated protein kinases (MAPKs) inhibitor reduces morphine tolerance42. 

Chronic morphine has been shown to activate several MAPKs including p38, known to 

regulate the production of proinflammatory mediators27, 28, 43–46.

There are reports that chronic morphine induces proinflammatory cytokines release from the 

spinal glia cells7, 12, but few studies investigate the change of proinflammatory cytokines in 

the DRG level. Previous studies demonstrate that chronic morphine exposure induced 

increases in phosphorylation of MAPKs, including p38 in DRG neurons30, 31. In the current 

study, to our knowledge, we are the first to report that cytokines (TNFα and IL-1β) in the 

DRGs were upregulated in morphine tolerance.

The intracellular transduction mechanisms by which chronic morphine modulates cytokine 

formation are not known with certainty, but a few possibilities are proposed based on 

existing literature in diverse fields. Recent studies demonstrate that toll like receptor 4 

(TLR4), ceramide and ROS, likely play important roles in the modulation of cytokine 

release in the face of morphine tolerance. A growing body of evidence has emerged recently 

that implicates activation of TLR4 on glial cells in the development of opiate-induced 

hyperalgesia and antinociceptive tolerance as well as neuropathic pain45, 47. Recent evidence 

shows that morphine and its metabolite (morphine-3-glucoronide) activate glial TLR4 

receptor in a non-stereoselective pattern48, 49. The activation of the TLR4-derived signaling 

pathway by morphine45 is one potential pathway that links chronic morphine administration 

to activation of the proinflammatory cytokines-p38 MAPK pathway, hence, the 

development of hyperalgesia and antinociceptive tolerance to morphine. Also, evidence 

demonstrates that the development of antinociceptive tolerance to repeated doses of 

morphine is consistently associated with the appearance of several tyrosine-nitrated proteins 
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in the dorsal horn of the spinal cord; blocking protein nitration attenuates proinflammatory 

cytokines (e.g. TNFα, IL-1β), and prevents the development of tolerance to morphine44 in 

mice. Ceramide is a potent proinflammatory and proapoptotic sphingolipid50. Chronic 

administration of morphine activates the ceramide metabolic pathway in spinal glial cells, 

resulting in increased production in spinal sphingosine-1-phosphate (S1P, the end-product of 

ceramide metabolism) by sphingosine kinases. After its extracellular release, S1P would 

then bind to its receptors on glial cells, initiating a series of signaling pathways, culminating 

in enhanced production of IL-1β and TNFα3, 7, 43, 44, 51.

In summary, our results demonstrated the release of spinal proinflammatory molecules as 

necessary for chronic morphine tolerance. Blocking the proinflammatory cytokines was able 

to delay the development of morphine tolerance. These studies will prove a novel approach 

to morphine tolerance.

METHOD

Construction of herpes simplex virus vector expressing the p55 TNFSR

The vector T0TNFSR contains the coding sequence for amino acids 1 to 211 of the human 

p55 TNFSR, which is under the regulatory control of the HSV ICP0 immediate early 

promoter. This is in the UL41 locus of an HSV recombinant defective for HSV genes ICP4, 

ICP22, and ICP27. T0TNFSR was generated as described previously20, 24. Control vector 

T0Z is identical to T0TNFSR except that it contains the E. coli lacZ gene in place of p55 

TNFSR. The schematic representation for the HSV vector construction has been shown20.

Animal and evaluation of morphine tolerance

Male Sprague-Dawley rats (body weight 225–250 g) were housed one to two per cage 

approximately 1 week prior to the beginning of the study, with free access to food and water 

and maintained on a 12:12, light: dark schedule at 21°C and 60% humidity. All housing 

conditions and experimental procedures were approved by the University IACUC. Animals 

were inoculated subcutaneously into the plantar surface of the hindpaws with 30 µl of 

T0TNFSR or T0Z. To induce antinociceptive tolerance to morphine, 7 days after vector 

inoculation rats received a repeated dose of morphine (17.5 mg/kg, once a day, IP) for 1 

week. Morphine injection and behavior counting were carried out by a blinded operator.

Behavioral testing

Tail-flick test—The hot-water tail-flick test was performed by placing the distal third of 

the tail in a water bath maintained at 55±0.3°C. Rats were restrained in a hard plastic box. 

The latency until tail withdrawal from the bath was determined. The intensity was adjusted 

to produce a baseline latency of approximately 3 seconds. If rats did not show tail 

withdrawal response in 10 seconds, we ceased the experiment, and 10 seconds were used as 

cutoff to avoid tissue damage.

Hot plate test—Hot-plate thermal latency was performed with a Harvard Apparatus Ltd. 

hot plate apparatus (Edenbridge, Kent, United Kingdom). In the test, the rats were kept 

inside a circular transparent plastic cage on the hot plate (52±0.3°C). Licking or shaking the 
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hind paw or jumping was considered as a sign of thermal nociceptive response. Time to the 

first reaction was measured. To avoid tissue damage, the cutoff time was set to 40s.

Western blot analysis

One hour after the last dose of morphine administration, the L4/5 spinal dorsal horn was 

harvested. Samples were rapidly homogenized in lysis buffer (50mM Tris HCl, 150mM 

NaCl, 1mM EDTA, 0.1% SDS, 1% NP-40, 1% sodium deoxycholate). After 

homogenization, samples were put on ice for 10 min, sonicated, then centrifuged at a 

13000×g for 10 min. Supernatants were collected and stored at −80°C. Protein concentration 

for each sample was tested using Bio-Rad DC Protein Assay (Bio-Rad, USA). Protein 

samples with equal amounts (40µg/lane) were loaded and separated on SDS-PAGE gels and 

transferred to PVDF membranes (Millipore, USA). Membranes were blocked using 5% 

nonfat milk for 1 h, and incubated overnight at 4°C with a primary antibody of anti-TNFα 

IgG (1:500, Millipore), rabbit anti-IL-1β IgG (1:2000, Chemicon), rabbit anti-p-p38 IgG 

(1:200, Santa Cruz), or mouse anti-β-actin antibody (1:5000, Sigma). Membranes were then 

incubated in HRP-conjugated secondary antibody for 1 hour at room temperature, and 

followed by enhanced chemiluminescence detection (Amersham Biosciences, Arlington 

Heights, IL). Quantification of Western blots was done from the obtained 

chemiluminescence values (BioRad ChemiDoc). A ratio of the intensity of the band of 

interest to β-actin as an internal control was determined using Bio-Rad Imaging systems.

Quantitative Real-time PCR

Total RNA was isolated from the spinal cord using the TRIzol reagent (Invitrogen), treated 

with RNase-free DNase-I (Roche) and re-purified, and then quantified 

spectrophotometrically. Total RNA (1µg) was reverse transcribed (Omniscript RT kit, 

Qiagen) using random hexamers PCR primer. cDNA prepared from mRNA was amplified 

using the following primer sets: GAPDH- forward 5’-GTTTGTGATGGGTGTGAACC-3’ 

and -reverse 5’-TCTTCTGAGTGGCAGTGATG-3’; TNFα-forward 5’-

CTTCAAGGGACAAGGCTG-3’ and -reverse 5’-GAGGCTGACTTTCTCCTG-3’; IL-1β-

forward 5’-CATTGTGGCTGTGGAGAAG-3’ and -reverse 5’-

ATCATCCCACGAGTCACAG-3’. PCR was performed with equal amounts of cDNA in 

the GeneAmp 7700 sequence detection system (Applied Biosystems), using SYBR® Green 

PCR Master Mix (Applied Biosystems). Reactions (total volume, 25 μl) were incubated at 

50°C for 2 min, at 95°C for 10 min, followed by 40 cycles of 15 s at 95°C and 1 min at 

60°C. Each sample was measured, and data points were examined for integrity by analysis 

of the amplification plot. The comparative cycle threshold (Ct) method was used for relative 

quantification of gene expression. The amount of mRNA, normalized to the endogenous 

control (GAPDH) and relative to a calibrator, is given by 2−ΛΛCt, with Ct indicating the 

cycle number at which the fluorescence signal of the PCR product crosses an arbitrary 

threshold set within the exponential phase of the PCR, and Ct = [(Cttarget (unknown sample) − 

Ctend.control (unknown sample))] − [(Cttarget (calibrator sample) − Ctend. control (calibrator sample))] as 

previously described52.
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Drugs and Data Analysis

Morphine hydrochloride was obtained from Elkins–Sinn (Cherry Hill, NJ). Antinociceptive 

effect was assessed 30, 60, 90 and 120 min after administration of acute morphine. Drugs 

were dissolved in physiological (0.9%) saline. In the tail flick and hotplate tests, the 

antinociceptive effects of morphine were represented as a percentage of maximum possible 

effect (%MPE) using the formula %MPE = [(Test-Baseline)/(Cutoff-Baseline)] × 100%. 

Mean±SEM value of %MPE was calculated for each group. The statistical significances of 

the differences were determined by ANOVA (StatViewJ 5.2) followed by post hoc 

comparisons using Fisher's PLSD test or by t test. P-values of less than 0.05 were 

considered to be statistically significant.
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Figure 1. 
The expression of p55 TNFSR mediated by HSV vectors. Seven days after the vectors were 

inoculated into the hindpaws, rats received chronic morphine for 7 days. After the last dose 

of morphine, the spinal cord was harvested and a Western blot was conducted for testing 

signals of TNFSR. T0TNFSR injection significantly induced the expression of TNFSR. * p 

< 0.05 vs T0Z, n=3–4, ANOVA.
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Figure 2. 
The time courses of acute morphine antinociception with the effect of T0TNFSR or T0Z 

were described. The non-replicating herpes simplex virus (HSV) vector T0TNFSR 

producing p55 TNFSR, and control vector T0Z were used. Seven days after vector 

inoculation, rats received a single dose of morphine (1, 3, and 10 mg/kg, IP). Thermal 

latency was tested in the tail flick test (A, B and C) and hotplate test (D, E and F). The MPE 

of morphine in rats with T0TNFSR was significantly higher than that with T0Z at 90–150 

min. *p < 0.05, ** p < 0.01 vs T0Z, n=5–6, t test.
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Figure 3. 
The expression of TNFα, IL-1β and p-p38 in morphine tolerance (MT). Rats received a 

repeated morphine dose for 7 days. At day 7, 1 hour after the last dose of morphine, L4/5 

spinal dorsal horns were harvested, and the expression of TNFα (A), IL-1β (B) and p-p38 

(B) was tested using western blots. Repeated morphine significantly induced upregulation of 

spinal TNFα, IL-1β and p-p38, * p < 0.05 vs vehicle (vehi), n=3–4, t test.
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Figure 4. 
The effect of T0TNFSR or T0Z on chronic morphine tolerance. The non-replicating herpes 

simplex virus (HSV) vector T0TNFSR producing p55 TNFSR, and control vector T0Z were 

used. Seven days after the vector inoculation, rats received a repeated dose of morphine for 

7 days. Thermal latency was tested in the tail flick test (A) and hotplate test (B) at 60 min 

after each dose of morphine. The MPE of morphine in rats with T0TNFSR was significantly 

higher than that with T0Z at day 5–7. *p < 0.05, ** p < 0.01 vs T0Z, n=5–6, t test.
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Figure 5. 
The effect of T0TNFSR or T0Z on the expression of mRNA of spinal TNFα and IL-1β. The 

non-replicating herpes simplex virus (HSV) vector T0TNFSR producing p55 TNFSR, and 

control vector T0Z were used. Rats received a repeated morphine dose at 1 week after 

vectors. In the sham group, rats receive T0Z and a repeated dose of saline. At day 7, 1 hour 

after the last dose of morphine or saline, L4/5 spinal dorsal horns were harvested, and the 

expression of TNFα and IL-1β was tested using quantitative real time PCR. Repeated 

morphine significantly induced upregulation of spinal TNFα (A) and IL-1β (B). The 
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expression of TNFα and IL-1β mRNA in morphine tolerance rats with T0TNFSR was 

significantly lower than that in morphine tolerance rats with T0Z. # p<0.05, ## p<0.01 vs 

sham; * p < 0.05, **p<0.01vs T0Z, n=4–6, ANOVA, post hoc comparisons using Fisher's 

PLSD test (StatViewJ 5.2).
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Figure 6. 
The effect of T0TNFSR or T0Z on the expression of TNFα, IL-1β, and p-p38 in the DRG. 

The non-replicating herpes simplex virus (HSV) vector T0TNFSR producing p55 TNFSR, 

and control vector T0Z were used. Rats received a repeated morphine dose 1 week after 

vectors. In the sham group, rats receive T0Z and a repeated dose of saline. At day 7, 1 hour 

after the last dose of morphine or saline, L4/5 DRGs were harvested, and the expression of 

TNFα, IL-1β and p-p38 was tested using Western blots. Repeated morphine admimistrations 

significantly induced upregulation of TNFα, IL-1β and p-p38. The expression of TNFα (A), 

IL-1β (B) and p-p38 (C) in morphine tolerance rats with T0TNFSR, was significantly lower 

than that in morphine tolerance rats with T0Z. # p<0.05 vs sham; * p < 0.05, n=4–6, 

ANOVA, post hoc comparisons using Fisher's PLSD test (StatViewJ 5.2).

Sun et al. Page 19

Gene Ther. Author manuscript; available in PMC 2012 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 7. 
The effect of T0TNFSR or T0Z on the expression of spinal TNFα, IL-1β and p-p38. The 

non-replicating herpes simplex virus (HSV) vector T0TNFSR producing p55 TNFSR, and 

control vector T0Z were used. Rats were inoculated with T0TNFSR or T0Z. Rats received a 

repeated morphine dose at 1 week after vectors. In the sham group, rats receive T0Z and a 

repeated dose of saline. At day 7, 1 hour after the last dose of morphine or saline, L4/5 

spinal dorsal horns were harvested, and the expression of TNFα, IL-1β and p-p38 was tested 

using western blots. Repeated morphine admimistrations significantly induced upregulation 

of spinal TNFα, IL-1β and p-p38. The expression of spinal TNFα (A), IL-1β (B) and p-p38 

(C) in morphine tolerance rats with T0TNFSR, was significantly lower than that in 

morphine tolerance rats with T0Z. # p<0.05, ## p<0.01 vs sham; * p < 0.05, **p<0.01vs 

T0Z, n=4–6, ANOVA, post hoc comparisons using Fisher's PLSD test (StatViewJ 5.2).
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