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Introduction

Although m-opioid receptor agonists such as morphine, 
oxycodone, and fentanyl have prominent antinociceptive 
effects, they also have adverse effects (e.g., emesis, 
constipation, drowsiness, and psychological dependence). 
Psychological dependence on opioids is a serious  
problem worldwide, and one of the triggers for inducing 
such opioid dependence is the inappropriate use or  

overdose of prescribed m-opioid receptor agonists (1).  
It is widely accepted that psychological events such  
as the reinforcing effects induced by m-opioid receptor 
agonists can be mimicked in animals as rewarding  
effects (2 – 4), and activation of the mesolimbic dopami-
nergic system, which projects from the ventral tegmental 
area (VTA) to the nucleus accumbens (NAc), plays  
an important role in the rewarding effects of m-opioid 
receptor agonists (5 – 8).

Recently, it has been shown that, as long as m-opioid 
receptor agonists are used appropriately to control pain, 
psychological dependence does not occur in clinical  
situations (9, 10). We have previously demonstrated  
that the rewarding effects of morphine are suppressed 
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under inflammatory (carrageenan- and formalin-induced 
pain) and neuropathic pain (partial sciatic nerve ligation)-
like states in rodents as measured by the conditioned 
place preference paradigm, and this is accompanied by 
inactivation of the mesolimbic dopaminergic system 
(11 – 13). The mechanisms of action for suppression of 
the activation of the mesolimbic dopaminergic system 
under inflammatory or neuropathic pain by morphine are 
mediated though totally different pathways; inflamma-
tory pain upregulates the function of the dynorphinergic 
system in the NAc (11), whereas neuropathic pain down-
regulates m-opioid receptor function in the VTA (14).

Chemotherapeutics, such as oxaliplatin and paclitaxel, 
often cause adverse side effects, like diarrhea, emesis, 
muscle pain, joint pain, and peripheral neuropathy (15). 
Among these adverse events, peripheral neuropathy is 
one of the most serious adverse effects during long-term 
cancer therapy, and uncontrollable pain management 
limits the use of chemotherapy drugs. Recently, clinical 
studies have suggested that oxycodone, a m-opioid  
receptor agonist, is effective for reducing oxaliplatin- or 
paclitaxel-induced neuropathic pain (16, 17). In addition, 
morphine and oxycodone, but not fentanyl, relieved  
oxaliplatin-induced neuropathic pain in rats (submitted 
manuscript), suggesting that some m-opioid receptor  
agonists have beneficial effects on chemotherapy- 
induced peripheral neuropathy.

To the best our knowledge, no information is available 
regarding whether psychological dependence on m-opioid 
receptor agonists would be a major concern under 
chronic neuropathy conditions induced by chemothera-
peutics in a clinical setting. Although chemotherapeutic 
drug–induced neuropathy is generally classified as  
neuropathic pain, its symptoms seem to be different from 
those of general neuropathic pain (18 – 20). Chemothera-
peutic agents induce a distinct characteristic neuropathy 
compared with neuropathies due to other causes, and 
chemotherapeutic drug–induced neuropathy may affect 
m-opioid receptor agonist–induced activation of the  
mesolimbic dopaminergic system and regulate the estab-
lishment of the rewarding effects of m-opioid receptor 
agonists. Therefore, we examined the effects of the 
neuropathy induced by chemotherapeutic drugs (oxali-
platin and paclitaxel) on the establishment of the  
rewarding effects of m-opioid receptor agonists in rats.

Materials and Methods

Animals
Male Sprague Dawley rats (160 to 300 g) (Charles 

River Laboratories Japan, Kanagawa) were used. Food 
and water were available ad libitum for rats in their  
home cages. Animals were housed in a room maintained 

at 22°C ± 1°C with a 12-h light–dark cycle (light on 8:00 
a.m. to 8:00 p.m.). The present study was conducted in 
accordance with animal protocols approved by the  
Institutional Animal Care and Use Committee of Shionogi 
Research Laboratories (Osaka) and the Guiding Principles 
for the Care and Use of Laboratory Animals at Hoshi 
University adopted by the Committee on Animal Research 
of Hoshi University. Every effort was made to minimize 
the numbers and any suffering of animals used in the 
following experiments.

Chemotherapy-induced peripheral neuropathy
Oxaliplatin-induced peripheral neuropathy was initiated 

as described previously (submitted manuscript). Briefly, 
oxaliplatin (2 mg/kg) or vehicle was administered intra-
peritoneally (i.p.) twice a week for 4 weeks (days 1, 2, 8, 
9, 15, 16, 22, and 23). Paclitaxel-induced mechanical 
allodynia, which is based on a previous report (21),  
was induced by multiple i.p. injections of paclitaxel  
(1 mg/kg) or vehicle on days 1, 2, 3, 4, 5, 8, 9, 10, 11,  
and 12. The latency of paw withdrawal was assessed 
before each injection of paclitaxel on days 1, 2, 3, 5, 8, 
11, 16, and 17. The conditioned place preference test and  
in vivo microdialysis studies were initiated after chemo
therapy-induced peripheral neuropathy was confirmed.

von Frey hair test for mechanical allodynia
Mechanical allodynia was assessed by the von Frey 

monofilament test as described previously (submitted 
manuscript). Briefly, von Frey filaments (0.6, 1, 1.4, 2, 
4, 6, 8, 10, 15, and 26 g) were applied to each hind  
paw for a maximum period of 4 s, and the withdrawal 
response was observed. The 8-g stimulus was applied 
first, and the weakest stimulation that caused a positive 
response was determined as the threshold value using  
the up-down method. A change in the threshold from 
8 – 15 g before the first injection of paclitaxel or oxali-
platin to < 4 g at 16 – 18 days after the first administration 
of paclitaxel or 36 – 38 days after the first administration 
of oxaliplatin was used in the experiments. To compare 
the analgesic effects of the three opioids in the paclitaxel 
model, the antinociceptive effect was expressed as a 
percentage of the maximal possible effect (%MPE)  
and calculated as (T1 – T0) × 100 / (T2 – T0), where T0 
is the mean of the paw-withdrawal threshold in the  
paclitaxel-saline group, T1 is the paw-withdrawal threshold 
of each animal treated with drug, and T2 is the mean of 
the paw-withdrawal threshold in the sham-saline group.

Place conditioning
Place-conditioning studies were conducted using a 

shuttle box (30 × 60 × 30 cm: w × l × h) that was made 
of an acrylic resin board and divided into two equal-sized 
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compartments (22). One compartment was white with a 
textured floor and the other was black with a smooth 
floor to create equally inviting compartments. The  
place-conditioning schedule consisted of 3 phases (pre-
conditioning test, conditioning, and post-conditioning 
test). The pre-conditioning test was performed as follows: 
the partition separating the two compartments was raised 
to 7-cm above the floor, a neutral platform was inserted 
along the seam separating the compartments, and rats 
that had not been treated with either drugs or saline  
were then placed on the platform. The time spent in  
each compartment during a 900-s session was recorded 
automatically using an infrared beam sensor (KN-80; 
Natsume Seisakusyo Co., Ltd., Tokyo). After paclitaxel- 
or oxaliplatin-induced allodynia was observed, condi-
tioning sessions (three for drug: three for saline) were 
started the day after the pre-conditioning test and  
conducted once daily for 6 days. Immediately after the 
injection of drug (s.c.), these animals were placed in the 
compartment opposite that in which they had spent  
the most time in the pre-conditioning test for 1 h. On  
alternate days, these animals were treated with saline  
and placed in the other compartment for 1 h. On the day 
after the final conditioning session, a post-conditioning 
test that was identical to the pre-conditioning test was 
performed.

In vivo microdialysis study and quantification of dopamine 
and its metabolites

Before implantation of a cannula, all of the rats were 
anesthetized with sodium pentobarbital (50 mg/kg, i.p.) for 
surgery as described previously. Briefly, the anesthetized 
animal was placed in a stereotaxic apparatus, the skull 
was exposed, and a small hole was made using a dental 
drill. A guide cannula (AG-8; Eicom, Kyoto) was  
implanted into the nucleus accumbens (from the bregma: 
anterior, +4.0 mm; lateral, −0.8 mm; ventral, −6.8 mm; 
angle of 16 degrees) according to the atlas of Paxinos and 
Watson and fixed to the skull with cranioplastic cement. 
Three to five days after surgery, microdialysis probes 
(A-I-8-02, 2-mm membrane length; Eicom) were slowly 
inserted into the nucleus accumbens through guide  
cannulas under anesthesia with diethyl ether, and the rats 
were placed in experimental cages (30 cm wide × 30 cm 
deep × 30 cm high). The probes were perfused continu-
ously (2 ml/min) with artificial cerebrospinal fluid: 0.9 
mM MgCl2, 147.0 mM NaCl, 4.0 mM KCl, and 1.2 mM 
CaCl2. Outflow fractions were collected every 20 min. 
After 3 baseline fractions were collected from the rat 
nucleus accumbens, rats were given morphine (8 mg/kg, 
i.p.). Dialysis samples were collected for 180 min after 
treatment and analyzed by high-performance liquid 
chromatography (Eicom) with electrochemical detection 

(Eicom). Dopamine (DA) and its metabolites, 3,4- 
dihydroxyphenylacetic acid (DOPAC) and 3-methoxy-
4-hydroxyphenyl acetic acid (HVA), were separated by 
column chromatography, and identified and quantified 
by the use of standards, as described previously (11).

Partial sciatic nerve ligation (pSNL) model
Rats were anesthetized with 3% isoflurane and partial 

sciatic nerve injury was produced by tying a tight ligature 
with 4-0 nylon monofilament (Natsume Seisakusyo) 
around approximately one half the diameter of the sciatic 
nerve on the left ipsilateral side, as described previously 
(23). In the sham operation, the nerve was exposed,  
but ligation was not performed. Thresholds of 8 – 15 g 
for the contralateral side and 0.6 – 2 g for the ipsilateral 
side at 13 – 14 days after the operation were used in the 
experiments.

Electrical stimulation–induced paw withdrawal (EPW) 
test

A small electrode (STE0405; Neurotron, Inc., Baltimore, 
MD, USA) for stimulation was attached to the right 
plantar surface of the oxaliplatin and paclitaxel models 
or the left plantar surface of pSNL models. A skin  
patch dispersion electrode (SDE44; Neurotron, Inc.) was 
affixed to the middle of the back of the body, from which 
the hair had been removed. Rats were kept inside a  
Ballman cage (Natsume Seisakusyo). Transcutaneous 
nerve stimuli, specifically 3 sine-wave pulses with  
frequencies of 2000, 250, or 5 Hz, to activate Ab-, Ad-, 
or C-fibers, respectively (24 – 27), were applied to the 
unilateral hind paw of rats using the animal-response test 
mode of the Neurometer CPT/C (Neurotron, Inc.). The 
intensity of each stimulus was gradually increased  
automatically (increments of 0.05 mA). The threshold of 
current (mA) for each stimulus was determined by  
the vocalization of each rat. The threshold for all three 
frequencies (2000, 250, and 5 Hz) in each rat was  
determined within 2 min, and the procedure was repeated 
at 10-min intervals. Data represent the means of the 
values obtained in 2 measurements.

Drugs
Morphine hydrochloride and oxycodone hydrochloride 

used in the von Frey test (Fig. 1) were obtained from 
Shionogi Pharmaceutical (Osaka), and fentanyl citrate 
used in the von Frey test was obtained from Tyco Health-
care (Tokyo). The drugs used in the CPP test and in vivo 
microdialysis were morphine hydrochloride (Daiichi-
Sankyo, Tokyo), oxycodone hydrochloride (Shionogi 
Pharmaceutical Co., Inc., Osaka), and fentanyl citrate 
(Hisamitsu Pharmaceutical Co., Inc., Tokyo). Paclitaxel 
and oxaliplatin were purchased from Wako Pure Chemical 



50 T Mori et al

Industries, Ltd. (Osaka). All drugs were dissolved in  
saline and administered in a volume of 1.0 ml/kg (rats), 
except for oxaliplatin and paclitaxel. Oxaliplatin was 
dissolved in 5% glucose solution (Otsuka Pharma
ceutical, Tokyo), whereas paclitaxel was dissolved in 
saline including 5% ethanol and 5% Cremophore EL®.

Statistical analyses
Data are expressed as the mean with S.E.M. The  

statistical significance of differences between groups 
was assessed by one-way and two-way ANOVA fol-
lowed by the Bonferroni multiple comparisons test, the 
Tukey multiple comparisons test, or the Mann-Whitney 
test (unpaired, two-tailed). The statistical significance  
of differences between two groups was evaluated by 
Student’s t-test. Statistical analyses for data in the EPW 
test and the place conditioning test were performed using 
SAS software (ver. 8; SAS Institute, Cary, NC, USA), 
and other analyses were performed using Prism software 
(version 5.0a, GraphPad Software). A P-value of < 0.05 
was considered to reflect significance.

Results

Antinociceptive effects of opioids on paclitaxel-induced 
allodynia in rats

While we previously demonstrated the antinociceptive 
effects of opioids on oxaliplatin-induced neuropathy in 
rats (submitted manuscript), there has been no report  
regarding the effectiveness of opioids on paclitaxel- 
induced neuropathy in animals. Therefore, we investi-
gated the antinociceptive effects of opioids on paclitaxel-
induced neuropathic pain in rats using the von Frey  
hair test. Repeated treatment with paclitaxel (1 mg/kg, 
i.p.; Fig. 1A) induced a significant decrease in the  
paw-withdrawal threshold from 8 days after the first  
administration (Fig. 1B). The antinociceptive effects of 
opioids on paclitaxel-induced allodynia were measured 
16 – 18 days after the first paclitaxel treatment. Maximal 
antinociceptive effects were observed 15 min after s.c. 
administration of oxycodone (0.1 – 0.56 mg/kg) and 
fentanyl (0.003 – 0.017 mg/kg) or 30 min after the  
administration of morphine (0.17 – 1 mg/kg) (data not 
shown), and these time points were used in dose– 
response analyses. Figure 1C shows the relative effica-

Fig. 1.  Expression of mechanical allodynia and the antinociceptive effects of m-opioid receptor agonists in a paclitaxel model.  
A) Drug administration schedule. B) The von Frey hair test was performed before the first administration of paclitaxel on day 1 
and on days 2, 3, 5, 8, 11, 16, and 17. The y-axis represents the paw-withdrawal threshold, expressed as the sum of of the  
thresholds of the right and left paws (g). *P < 0.05, **P < 0.01 vs. vehicle group (two-way ANOVA, Bonferroni multiple comparison 
post hoc test). C) Dose–response curves of opioid-induced antinociception in the paclitaxel model based on the von Frey hair test. 
The antinociceptive effects were calculated as % MPE. The reported data are each the mean ± S.E.M. of 5 – 13 rats.
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cies of opioids on paclitaxel-induced neuropathy in rats, 
expressed as the % MPE for antinociception. All three 
opioids dose-dependently reversed paclitaxel-induced 
mechanical neuropathic pain (Fig. 1C), indicating  
that these opioids had antinociceptive effects against 
paclitaxel-induced neuropathic pain. In this study, no 
sedation was observed within the following dose ranges 
for each opioid: morphine (0.17 – 1 mg/kg, s.c.), oxyco-
done (0.1 – 0.56 mg/kg, s.c.), and fentanyl (0.003 – 0.017 
mg/kg, s.c.).

Rewarding effects of opioids on paclitaxel- and oxaliplatin-
induced neuropathy in rats

Previous studies as well as the present study have 
shown that morphine (4.0 mg/kg, s.c.), oxycodone  
(0.56 mg/kg, s.c.), and fentanyl (0.017 mg/kg) produce  
a significant place preference in naïve rats (12, 28, 29). 

In the present study, morphine-, oxycodone-, and fentanyl-
induced place preferences were marginally affected by 
paclitaxel-induced neuropathy (Fig. 2: A – C). These 
results surprised us a bit, since other studies have shown 
that the rewarding effects induced by morphine could  
be suppressed under an inflammatory (carrageenan- and 
formalin-induced pain) (11, 13) and a neuropathic pain 
(partial sciatic nerve ligation-induced pain)-like state 
(12) in rodents. In this study, it is possible that the relief 
from paclitaxel-induced neuropathy seen with m-opioid 
agonists may be closely related to induction of the place 
preference by m-opioid agonists without the induction  
of rewarding effects. Thus, the place aversion induced  
by paclitaxel-induced neuropathic pain may reflect a 
false-positive place preference induced by the antinoci-
ceptive effects of m-opioid agonists. In fact, m-opioid  
agonists could potently suppress paclitaxel-induced 

Fig. 2.  Effects of paclitaxel- and oxaliplatin-induced neuropathy on the m-opioid receptor agonist–induced place-preference in 
rats. Ordinate: mean difference between the time spent in the preferred place in the post-conditioning test and the pre-conditioning 
test. The reported data are each the mean ± S.E.M. of 7 – 8 rats. **P < 0.01, ***P < 0.001 vs. sham-saline groups. #P < 0.05, 
##P < 0.01, ###P < 0.001 vs. paclitaxel-saline or oxaliplatin-saline group (Two-way ANOVA, Tukey multiple comparison post  
hoc test).
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neuropathic pain (Fig. 1C). To explore this possibility, 
we next examined the effects of oxaliplatin-induced 
neuropathy on the rewarding effects of m-opioid agonists, 
since morphine and oxycodone sufficiently relieved  
oxaliplatin-induced neuropathy, while fentanyl did not 
produce antinociception against oxaliplatin-induced 
neuropathic pain (submitted manuscript). As a result, 
morphine- and oxycodone-induced rewarding effects 
were not suppressed under oxaliplatin-induced neuro
pathy (Fig. 2: D and E). Importantly, we also found  
that fentanyl-induced rewarding effects were established 
under oxaliplatin-induced neuropathy regardless of this 
insufficient antinociception (Fig. 2F), suggesting that 
chemotherapeutic drug-induced neuropathy may not 
suppress the development of m-opioid receptor agonist–
induced rewarding effects.

Increase in the release of dopamine from the nucleus 
accumbens by morphine in the paclitaxel model

We previously reported that the increase in the release 
of dopamine from the NAc by morphine was suppressed 
under inflammatory pain and pSNL-induced pain condi-
tions, which is closely related to the abolishment of the 

rewarding effects of morphine (11, 12). Therefore, we 
evaluated morphine-induced dopamine release from the 
NAc in rats that were suffering from paclitaxel-induced 
neuropathy using in vivo microdialysis. In this study,  
we selected 8 mg/kg of morphine, since this dose of 
morphine can stably increase the release of dopamine 
from the NAc. The basal extracellular levels of DA, 
DOPAC, and HVA in the NAc of control rats were 
5.14 ± 1.68 nM, 4.904 ± 0.951 mM, and 2.62 ± 0.460 
mM / 20 min (mean with S.E.M. of 5 samples), respec-
tively. The basal extracellular levels of DA, DOPAC, 
and HVA in the NAc of paclitaxel-treated rats were 
10.43 ± 2.285 nM, 9.413 ± 1.235 mM, and 4.45 ± 0.724 
mM / 20 min (mean with S.E.M. of 5 samples), respec-
tively. The levels of dopamine and its metabolites in 
paclitaxel-treated rats were higher than those in control 
rats, but these changes were not significant. Morphine 
significantly increased the release of dopamine from  
the NAc, as well as the DOPAC and HVA levels, in both 
sham and paclitaxel-treated rats; and the morphine- 
induced increase in the release of dopamine from the 
NAc was not altered under paclitaxel-induced neuro
pathy (Fig. 3). These results indicate that activation  

Fig. 3.  Effects of paclitaxel-induced neuropathy on the influence of morphine on the dialysate concentrations of dopamine in  
the nucleus accumbens. After baseline fractions were collected, rats were injected with morphine (8 mg/kg) at time 0 to evoke  
the release of dopamine. Data are expressed as percentages of the corresponding baseline levels with S.E.M. for 6 rats under  
the influence of morphine on the dialysate concentrations of dopamine and its metabolites in the nucleus accumbens. Statistical 
analyses were performed with two-way ANOVA followed by the Bonferroni multiple comparisons test: vehicle-saline vs. vehicle-
morphine, F(1,117) = 49.41, P < 0.0001; Saline-morphine vs. Paclitaxel-morphine, F(1,150) = 0.58, P > 0.05.
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of the mesolimbic dopaminergic system induced by 
morphine was hardly affected by paclitaxel-induced 
neuropathy. This phenomenon supports the idea that m-
opioid receptor agonist–induced rewarding effects are 
present even under paclitaxel-induced neuropathic pain.

Qualitative difference between chemotherapeutic-induced 
neuropathy models and a partial sciatic nerve ligation 
(pSNL) model

As in the pSNL model, chemotherapeutic drugs  
(oxaliplatin and paclitaxel) produced allodynia-like  
behaviors using the von Frey test (Fig. 1B). However,  
the clinical symptoms in the two types of neuropathy 
seem to be different (18 – 20). Therefore, we hypo
thesized that pSNL and chemotherapeutic drugs induce 
neuropathic pain through different underlying mecha-
nisms, and in turn these distinct pain mechanisms may 
differentially regulate the activation of the mesolimbic 
dopaminergic system induced by morphine. In this study, 
we performed an EPW test to confirm that there was a 
qualitative difference between the neuropathies induced 
by pSNL and chemotherapeutic drugs. In the EPW test, 
a dramatic difference was observed in Ab fibers. The 
threshold for 2000 Hz (Ab fiber) was significantly  
reduced in paclitaxel- and oxaliplatin-treated rats, but  
not in the pSNL model (Fig. 4). The threshold for 250 Hz 
(Ad fiber) was slightly (but not significantly) decreased 
in all models (Fig. 4). Furthermore, the threshold for  
5 Hz (C fiber) tended to be reduced in the paclitaxel and 
pSNL models (Fig. 4: A and C). These results suggest 
that the different activation patterns for pain-related  
fibers may explain why chemotherapeutic drug–induced 
neuropathy did not suppress the establishment of the  
rewarding effects of m-opioid receptor agonists, parti
cularly morphine.

Discussion

The present study showed that chemotherapeutic  
drug (oxaliplatin and paclitaxel)-related neuropathy in 
rats does not affect the establishment of the rewarding 
effects of m-opioid receptor agonists. We have shown 
that morphine-induced rewarding effects could be  
suppressed under an inflammatory (carrageenan- and 
formalin-induced pain) (13) or a neuropathic pain (partial 
sciatic nerve ligation-induced pain)-like state (12), which 
is accompanied by suppression of the activation of  
the mesolimbic dopaminergic system induced by mor-
phine (11, 12, 14). It should be noted here that inflam
matory pain upregulates the function of the dynorphinergic  
system in the NAc (11), whereas neuropathic pain  
downregulates m-opioid receptor function in the VTA (14) 
to negatively regulate the activation of the mesolimbic 

dopaminergic system by morphine as neuroplastic  
responses. In the present study, the activation of the 
mesolimbic dopaminergic system produced by morphine 
was not altered under paclitaxel-induced neuropathy. 
Therefore, the mechanism of action of chemotherapeutic 
drug–induced neuropathy could not neuroplastically  
affect the activation of the mesolimbic dopaminergic 
system produced by m-opioid receptor agonists. There-
fore, the rewarding effects of m-opioid receptor agonists 
can be established under oxaliplatin- and paclitaxel- 
induced pain.

Fig. 4.  Thresholds of Ab, Ad and C fibers in the oxaliplatin,  
paclitaxel and pSNL models. Thresholds for pain by the activation  
of Ab, Ad, and C fibers in the paclitaxel (A), oxaliplatin (B), and 
pSNL (C) models. The threshold represents the minimum intensity 
(mA) required for vocalization in response to electrical stimulation for 
each fiber. Data represent the mean ± S.E.M. of 6 – 13 rats. *P < 0.05, 
**P < 0.01 vs. sham group for each fiber (Student’s t-test).
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Although m-opioid receptor agonists have antinocicep-
tive effects against chemotherapeutic drug–induced 
neuropathic pain, fentanyl seems to possess a different 
antinociceptive potency, which depends on the chemo-
therapeutic drug. In particular, fentanyl produced suffi-
cient antinociception in paclitaxel-induced neuropathic 
pain, while the antinociceptive effects of fentanyl were 
restricted against oxaliplatin-induced neuropathic pain  
in our previous study (submitted manuscript). We also 
showed that the very limited antinociception produced 
by fentanyl results from a loss of fentanyl-sensitive Gi/o 
protein activation for neuropathic pain induced by  
oxaliplatin (submitted manuscript). Therefore, oxalipla-
tin may alter the fentanyl-modulated pain–related signal 
transduction at m-opioid receptor and/or G-protein  
regulation to induce antinociceptive effects. We interest-
ingly demonstrated that fentanyl-induced rewarding  
effect could be established even in the presence of oxali-
platin-induced neuropathic pain. These findings suggest 
that opioid-induced psychological dependence may  
develop even though pain is still present under certain 
conditions.

Slight neuronal changes in Ad and C fibers were  
observed in both pSNL- and chemotherapeutic drug– 
induced neuropathic pain. These changes might reflect 
the pain symptoms, such as hyperalgesia and allodynia, 
seen under neuropathic pain. In addition, the threshold of 
Ab fibers was significantly changed in chemotherapy-
induced neuropathic pain, but not in pSNL-induced pain. 
It has been demonstrated that patients who are treated 
with chemotherapeutic drugs exhibit not only pain, such 
as hyperalgesia and allodynia, but also tactile symptoms, 
such as numbness and paresthesia (15). Therefore, the 
neuronal change in Ab fibers in chemotherapy-induced 
neuropathy may reflect tactile symptoms. Thus, distinct 
patterns of the modulation of pain-related fibers induced 
by chemotherapeutic drugs or pSNL would lead to  
several phenotypes of neuropathic-like pain (18 – 20). 
On the other hand, a previous study showed that the  
application of morphine to the spinal cord attenuated C 
fiber-, but not Ab fiber-, evoked spinal neuron responses 
after spinal nerve ligation (30). Therefore, it is possible 
that Ab fiber–related pain is relatively opioid-resistant.

In conclusion, control of chemotherapeutic drug– 
induced neuropathic pain is a serious problem in any  
anti-cancer program, since limited methodologies have 
been established to treat neuropathy. Our previous and 
present studies have suggested that m-opioid receptor 
agonists can effectively reduce the neuropathy induced 
by chemotherapeutic drugs. However, the present study 
demonstrated that the rewarding effects of m-opioid  
receptor agonists were not suppressed under chemothera-
peutic drug–induced neuropathy. Therefore, the reward-

ing/reinforcing effects of m-opioid receptor agonists 
should be carefully monitored when they are used to 
control chemotherapeutic drug-induced allodynia. It is 
still unclear why oxaliplatin-induced neuropathic pain is 
resistant to the antinociceptive effects of fentanyl and 
why the rewarding effects of m-opioid receptor agonists 
could still be established under chemotherapeutic drug–
induced neuropathic pain. Therefore, further studies  
will be needed to explore these issues.
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