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Abstract
We have previously demonstrated that intrathecal pretreatment with dextro-morphine or morphine
attenuates the morphine-produced antinociception. The phenomenon has been defined as
antianalgesia, which is mediated by a non-opioid receptor (Wu et al. 2005). To determine if p38
mitogen-activated protein kinase (MAPK) is involved in the antianalgesia, the effects of p38 MAPK
inhibitor 4-(4-fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)-1H-imidazole (SB203580)
on the attenuation of the morphine-produced tail-flick inhibition induced by dextro-morphine or
morphine were studied in male CD-1 mice. Intrathecal pretreatment with SB203580 (24.2 nmol)
reversed the attenuation of the morphine-produced tail-flick inhibition induced by dextromorphine
(33 fmol) or morphine (0.3 nmol) pretreatment. The finding indicates that the antianalgesia induced
by dextro-morphine or morphine is mediated by the activation of p38 MAPK in the mouse spinal
cord.
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1. Introduction
The naturally occurring morphine alkaloid, which is isolated from the juice of the opium poppy,
papaver somniferum, is stereochemically identified as a levorotatory form. The synthetic
dextro-isomer of morphine, dextro-morphine, virtually is inert to produce any analgesic and
other μ-opioid receptor-mediated pharmacological actions, because it does not have any
affinity for μ-opioid receptors (Jacquet et al., 1977). We have previously demonstrated that
pretreatment with dextro-morphine at a femtomolar dose or morphine at a picomolar dose given
intrathecally attenuates the tail-flick inhibition produced by morphine in the mouse. The
phenomenon has been defined as antianalgesia (Wu et al., 2004, 2005). The antianalgesia
induced by dextro-morphine or morphine is mediated by a non-opioid receptor. This view is
evidenced by the findings that dextro-morphine does not have any affinity for μ-opioid
receptors (Jacquet et al., 1977) and that the antianalgesia induced by dextro-morphine or
morphine is blocked by the non-opioid dextro-naloxone (Iijima et al., 1978; Wu et al., 2005).
In addition, pretreatment with dextro-morphine or morphine also attenuates the antinociception
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produced by δ-opioid receptor agonist deltorphin II and κ-opioid receptor agonist trans-(1S,
2S)-3,4-Dichloro-N-methyl-N-[2-(1-pyrolidinyl)cyclohexyl]benzeneacetamide
hydrochloride in μ-opioid receptor knockout mice, indicating that μ-opioid receptors are not
involved in dextro-morphine- and morphine-induced antianalgesia (Wu et al., 2006).

The p38 mitogen-activated protein kinase (MAPK) is involved in regulating numerous cellular
responses (Nebreda and Porras, 2000). The p38 MAPK responds to environmental stress and
its pathway is crucial to inflammatory cytokine production and signaling (Kumar et al.,
2003). Activation of p38 MAPK in spinal microglia contributes to hyperalgesia and allodynia
following peripheral nerve injury (Jin et al., 2003; Schafer et al., 2003; Tsuda et al., 2004) and
the inflammation-induced spinal pain processing (Svensson et al., 2003, 2005). The activation
of p38 MAPK is required for μ-opioid receptor endocytosis (Mace et al., 2005) and chronic
morphine treatment increases p38 MAPK phosphorylation, which is associated with the
development of antinociceptive tolerance to morphine (Ma et al., 2001; Cui et al., 2006).

To determine if the activation of p38 MAPK is involved in the antianalgesia induced by
dextro-morphine or morphine, the effects of p38 MAPK inhibitor 4-(4-fluorophenyl)-2-(4-
methylsulfinylphenyl)-5-(4-pyridyl)-1H-imidazole (SB203580) on the attenuation of the
morphine-produced tail-flick inhibition induced by dextro-morphine or morphine were studied
in male CD-1 mice. We now report that pretreatment with SB203580 reversed the attenuation
of levo-morphine-produced antinociception induced by dextro-morphine or morphine. The
finding provides the evidence that activation of p38 MAPK is involved in the antianalgesia
induced by dextro-morphine and morphine.

2. Materials and Methods
2.1. Animals

Male CD-1 mice weighing 25-30 g (Charles River Breeding Laboratory, Wilmington, MA)
were used. Animals were housed five per cage in a room maintained at 22 ± 0.5°C with an
alternating 12-h light-dark cycle. Food and water were available ad libitum. Each animal was
used only once. All experiments were approved by and conformed to the guidelines of the
Animal Care Committee of the Medical College of Wisconsin.

2.2. Assessment of antinociception
Nociceptive responses were measured with the tail-flick test (D’Amour and Smith, 1941). To
measure the latency of the tail-flick response, mice were gently held with the tail put on the
apparatus (Model TF6, EMDIE Instrument Co., Maidens, VA). The tail-flick response was
elicited by applying radiant heat to the dorsal surface of the tail. The heat stimulus was set to
provide a pre-drug tail-flick response time of 3 to 4 s and the cutoff time was set at 10 s to
avoid tissue damage.

2.3. Drugs and drug-administration
Morphine sulfate and dextro-morphine base were obtained from National Institute of Drug
Abuse (Baltimore, MD). 4-(4-Fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)-1H-
imidazole (SB203580) was purchased from Sigma (St. Louis, MO). Morphine and SB203580
were dissolved in 0.9% saline. The dextro-morphine was dissolved in 10 N hydrochloric acid
and then titrated with 1 N sodium hydroxide to pH 7, which was then diluted to intended dose
in 0.9% saline. Drugs were injected intrathecally in an injection volume of 5 μl using a 25-μl
Hamilton syringe with a 30-gauge needle according to the procedure described by Hylden and
Wilcox (1980).
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2.4. Statistical analysis
The nociceptive responses (tail-flick latencies) were presented as the mean ± S.E.M. One-way
analysis of variance (ANOVA) followed by Dunnett’s post-test and upaired Student t-test were
used to test the differences between groups. The GraphPad Prism software was used to perform
the statistics (version 4.1; GraphPad Software, Inc., San Diego, CA).

3. Results
3.1. Effect of the pretreatment with SB203580 on the attenuation of morphine-produced tail-
flick inhibition induced by dextro-morphine or morphine

The p38 MAPK inhibitor SB203580 was used to determine if the activation of p38 MAPK is
involved in mediating the antianalgesia induced by dextro-morphine or morphine. Groups of
mice were pretreated intrathecally with various doses (2.4-24.2 nmol) of SB203580 30 min
(Cui et al., 2006) before intrathecal injection of dextro-morphine (33 fmol). Morphine (3.0
nmol) was injected intrathecally 45 min after dextro-morphine injection and the tail-flick
response was measured 15 min after morphine (3.0 nmol) injection. Intrathecal pretreatment
with SB203580 (2.4-24.2 nmol) dose-dependently reversed the attenuation of the tail-flick
inhibition produced by morphine (3.0 nmol). SB 203580 at a dose of 24.2 nmol completely
reversed the attenuation of the morphine-produced tail-flick inhibition induced by dextro-
morphine (Fig 1). Similarly, intrathecal pretreatment with SB203580 (24.2 nmol) completely
reversed the attenuation of the morphine-produced tail-flick inhibition induced by morphine
(0.3 nmol) (Fig. 2). Intrathecal pretreatment with SB203580 (24.2 nmol) given alone did not
affect the morphine-produced tail-flick inhibition, nor did it affect the tail-flick latency in mice
pretreated with vehicle (Fig. 2).

4. Discussion
We found in the present study that the inhibition of p38 MAPK in the spinal cord by intrathecal
treatment with SB 203580 reversed the attenuation of the tail-flick inhibition induced by
dextro-morphine or morphine. The finding indicates that the activation of spinal p38 MAPK
is involved in inducing antianalgesia caused by dextro-morphine or morphine. The present
finding also suggests that p38 MAPK may be involved in the acute antinociceptive tolerance
to morphine. Cui et al. (2006) reported that repeated intrathecal pretreatment with SB203580
attenuates the antinociceptive tolerance to morphine assessed by tail-flick test, indicating that
the activation of p38 MAPK in the spinal cord plays an important role in the development of
tolerance to morphine analgesia.

To date, four different p38 isoforms, α, β, γ and δ, have been identified (Kumar et al., 2003).
However, there are two p38 isoforms α and β found in the spinal cord. Svensson et al. (2005)
recently demonstrated that the isoforms are distinctly expressed in spinal dorsal horn: p38α in
neurons and p38β in microglia. Since SB 203580 non-selectively inhibits both glial p38β and
neuronal p38α MAPK (Barone et al., 2001), it is not clear that dextro-morphine and morphine
act on glial or neuronal p38 MAPK for inducing antianalgesia. However, we have previously
demonstrated that pretreatment with a glial modulator propentofylline (Sweitzer et al., 2001)
reverses the antianalgesia induced by dextro-morphine or morphine, suggesting that dextro-
morphine or morphine act on glia rather than neurons for inducing antianalgesia (Wu et al.,
2005). Others also reported that p38 MAP kinase is activated in the spinal microglia after a
sciatic nerve ligation and inflammatory pain, which contributes to the generation of
hyperalgesia and allodynia (Ji et al., 2002; Svensoon et al., 2003; Jin et al., 2003; Schafers et
al., 2003; Tsuda et al., 2004).
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Fig. 1.
Effect of SB203580 on intrathecal morphine-produced tail-flick response in mice pretreated
intrathecally with dextro-morphine. Groups of mice were pretreated intrathecally with
SB203580 (2.4-24.2 nmol) or vehicle 30 min before intrathecal injection of dextro-morphine
(33 fmol) followed by intrathecal injection of morphine (3.0 nmol) 45 min thereafter. The tail-
flick latency was measured 15 min after morphine administration. Each column represents the
mean and the vertical bar represents the S.E.M. with 7 to 14 mice in each group. The three
columns on the right hand side of the figure represent different control data, which were not
used for statistic purpose. The symbol of “+” represents “drug injection” and “-“ represent
“vehicle injection”. The one-way ANOVA followed by Dunnett’s post-test was used to test
the difference between groups. The F (4,47) = 34.75; *p < 0.05, ** p < 0.01 compared with the
vehicle injected group (the first column from the left).
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Fig. 2.
Effect of SB203580 on intrathecal morphine-produced tail-flick response in mice pretreated
intrathecally with morphine and dextro-morphine. Groups of mice were pretreated intrathecally
with SB203580 (24.2 nmol) or vehicle 30 min before intrathecal injection of morphine (0.3
nmol) or dextro-morphine (33 fmol) followed by intrathecal injection of morphine (3.0 nmol)
45 min thereafter. The TF latency was measured 15 min after levo-morphine administration.
Each column represents the mean and the vertical bar represents the S.E.M. with 7 to 10 mice
in each group. The four columns on the right hand side of the figure represent different control
data, which were not used for statistic purpose. The Student t-test was used to test the difference
between groups; *p < 0.01 compared with the vehicle injected group.
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