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Background: Previous studies have demonstrated that spinal ephrinBs/EphBs system
plays a critical role in the development and maintenance of chronic pain, and neuro-
pathic pain and opiate dependence may share some common mechanisms. The aim
of this study was to further explore the role of the spinal ephrinBs/EphBs system in
opiate dependence and tolerance.
Methods: Adult male kunming mice were randomly allocated into treatment group
and control group. Four different models including acute/chronic morphine depen-
dence and acute/chronic morphine tolerance were set up in treatment group and con-
trol group individually. Withdrawal syndromes were precipitated by naloxone (4mg/
kg, intraperitoneal), the inhibitory or reversal role of EphB1- Fc in acute/chronic
morphine withdrawal or tolerance was assessed by injecting 0.5 μg/5 μl EphB1- Fc in-
trathecally prior to the treatment of morphine. In control group, equal value of vehi-
cle (saline) was substituted for morphine. In behavior part, morphine physical depen-
dence was assessed by "withdrawal jumping" counting; and morphine induced antino-
ciceptive tolerance was evaluated by "paw withdrawal latency" in hot- plate test. P-
ERK and C-Fos expression in the spinal cord were detected by western blot and im-
munohistochemistry individually.
Results: Acute and chronic morphine treatment increased the expression of spinal
ephrinB1, which was further increased by acute morphine withdrawal precipitated by
administration of naloxone; however, chronic morphine withdrawal precipitated by
administration of naloxone decreased the expression of ephrinB1, which was signifi-
cantly higher than that in saline group. Intrathecal pretreatment of EphB1-Fc inhibit-
ed or reversed morphine tolerance- induced antinociceptive tolerance and naloxone-
precipitated withdrawal jumping, which was accompanied with the decreased expres-
sion of spinal Fos protein and p-ERK.
Conclusions: These results demonstrated that activation of spinal ephrinBs/EphBs
contributed to morphine dependence and tolerance.
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T
he development of dependence and toler-
ance by repeated use of opiates limits the
clinical application of opiates, and contin-

ues to be a significant clinical and social prob-
lem. Accumulating evidence has suggested that
the spinal cord is a critical site in mediating the
dependence and tolerance of opiates. For exam-
ple, intrathecal (i.t.) pretreatment with opiate an-
tagonist before systemic administration of mor-
phine can antagonize naloxone- induced expres-
sion of withdrawal for all signs observed, except
weight loss (1). Miyamoto and Takemori report-
ed that the median effective dose (ED50) of nal-
oxone- precipitated withdrawal jumping behav-
ior for i.t. administration was 18-20 times lower
than that for intracerebroventricular administra-
tion, suggesting that spinal cord was more im-
portant than supraspinal sites in the develop-
ment of dependence and tolerance (2). Subse-
quent studies showed that i.t. pretreatment with
N-methyl-d-aspartate (NMDA) receptor antago-
nists, nitric oxide synthase (NOS) inhibitors,
protein kinase C inhibitors and mitogen-activat-
ed protein kinase (MAPK) inhibitors can inhibit
morphine withdrawal signs (3- 6). Moreover,
Elucidation of the various mechanisms involved
in mediation of spinal cord in the dependence
and tolerance of opiates is required for the de-
velopment of treatment strategies to attenuate
opiates-induced tolerance and dependence.

Eph receptor tyrosine kinases and their mem-
brane bound ligands, ephrins, are involved in
diverse aspects of development, such as tissue
patterning, angiogenesis, axon guidance, and
synapse formation (7-10). Recent advances indi-
cate that Eph receptors and ephrin ligands are
present in the adult brain and peripheral tissue
and play a critical role in modulating multiple
aspects of physiology and pathophysiology (e.
g., activity-dependent synaptic plasticity, regula-
tion of pain threshold, epileptogenesis, inflam-
mation response, and excite- toxic neuronal
death) (11-15).

The interactions of ephrinBs/EphBs signaling
can modulate synaptic efficacy in the spinal cord
contributing to sensory abnormalities in persis-
tent pain states in an NMDA receptor depen-
dent manner(16, 17). Recently, our and other
studies also demonstrated that activation of spi-
nal ephrinBs/EphBs system played a critical role

in the development and maintenance of chronic
pain after peripheral nerve injury (18-22). There
are striking similarities between neuropathic
pain and opiate dependence and tolerance, and
neuropathic pain and opiate dependence may
share some common mechanisms (23, 24). For
example, the NMDA receptors/NO cascade is of
crucial importance for the development of neu-
ropathic pain and morphine dependence and
withdrawal (25- 27). In this study, to better un-
derstand the role of the spinal ephrinBs/EphBs
system in opiate dependence and tolerance, we
blocked ephrinB1 signaling pathway using eph-
rinB1- Fc, and found that ephrinB1 ligand is re-
quired for development of acute and chronic
morphine dependence and tolerance.

MATERIALS AND METHODS

Animals
Adult male Kunming mice (weighing 20 to 25 g)
were used in these studies. Mice were housed in
standard transparent plastic cages at tempera-
tures of 23 ± 1 ℃ , under a 12 hours light- dark
cycle (lights on from 08:00 to 20:00), with free
access to food and water. The animals were pro-
vided by the Experimental Animal Center of Xu-
zhou Medical College (license number: SYXK
[Jiangsu] 2002–0038). Prior to the experiments,
the animals were allowed to acclimatize to the
housing facility for at least 1 week, and during
the experimental period, all efforts were made
to minimize animal suffering. All experimental
protocols were performed with the approval of
the Animal Care and Use Committee of Xuzhou
Medical College (Xuzhou, Jiangsu Province,
China), and in accordance with the Declaration
of the National Institutes of Health's Guide for
the Care and Use of Laboratory Animals (Publi-
cation No. 80–23, revised 1996).

Drugs
Morphine sulfate and naloxone hydrochloride
were purchased from Sigma- Aldrich (St. Louis,
MO, USA). EphB1- Fc was purchased from
R&D Systems Inc. (Minneapolis, MN, USA). All
drugs were dissolved in saline. All doses of
drugs were based on the results of our prelimi-
nary experiments. The dose of each drug and
time points of treatment were presented in the
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parts of figure legends.

Intrathecal Drug Administration
Intrathecal drug administration was performed
using a modified version of a previously de-
scribed method (19- 22, 28, 29). In brief, a 28-
gauge stainless steel needle attached to a 25 μl
Hamilton microsyringe was inserted between
the L5 and L6 vertebrae in conscious mice. A
sudden slight flick of the tail indicated entry into
the subarachnoid space. A volume of 5 μl of
drug solution or physiologic saline was injected
over a 30 seconds period into the subarachnoid
space, and the injection cannula was left in place
for a further 15 seconds. Motor function was
evaluated by observation of placing or stepping
reflexes and righting reflexes at 2 minutes before
nociceptive test. Mice with signs of motor dys-
function were excluded from the experiments.

Hot-Plate Test
Hot-plate test was conducted to assess the noci-
ceptive response of the mice. The paw withdraw-
al latency (PWL) was measured by hot-plate test.
The metal plate surface was maintained at 54 ±
0.1℃ . Licking the hind paw was considered as
nociceptive endpoint and a cut- off time of 30
seconds was set to prevent tissue damage. Base-
line PWL of each mouse was measured before
drugs or vehicle treatment.

Acute and Chronic Morphine Dependence Test
in Mice
The acute and chronic morphine dependence
test in mice was established as previously de-
scribed (30). To set up an acute morphine depen-
dence model, mice were given a single subcutane-
ous (s.c.) injection of morphine at a dose of 100
mg/kg. For mice in control conditions, saline
was substituted for morphine. Four hours after
the injection, morphine withdrawal syndromes
were precipitated by intraperitoneal (i.p.) admin-
istration of naloxone (4 mg/kg). An equal vol-
ume of saline was intraperitoneally injected in
the control group.

In a chronic morphine dependence test, mice
were injected with morphine (30 mg/kg, twice
daily for 3 days, s.c.), and saline was substituted
for morphine in control conditions. On Day 4
and 2 hours after treatment with morphine,

mice were injected with naloxone (4 mg/kg, i.p.)
to precipitate the withdrawal syndrome. An
equal volume of saline was intraperitoneally in-
jected in the control group.

To observe the inhibitory or reversal role of
EphB1-Fc in acute and chronic morphine with-
drawal, EphB1-Fc (0.5 μg/5 μ l) was intrathecal-
ly injected 10 minutes prior to the injection of
morphine or naloxone. An equal volume of sa-
line was injected in the control group. The
number of withdrawal jumping and the behav-
ioral phenotype was observed in mice during
the first 30 minutes after an injection of nalox-
one to assess the degree of morphine physical
dependence.

Acute and Chronic Morphine Tolerance Test in
Mice
For the acute and chronic morphine tolerance
test in mice, the procedure used was essentially
the same as that reported before (31). Acute tol-
erance of mice was induced by a single subcutane-
ous injection of morphine at 100 mg/kg. Three
hours after morphine injection, mice were chal-
lenged with a single dose of morphine (10 mg/kg
s.c.). For mice in control conditions, saline was
substituted for morphine. To observe the inhibi-
tory or reversal role of EphB1- Fc in acute mor-
phine tolerance, EphB1- Fc (0.5 μg/5 μl) was in-
trathecally injected 10 minutes prior to the first
or second injection of morphine, and the anti-
nociceptive response to morphine was measured
by the hot- plate test at 45, 90, 135, 180, 225,
270, 315, and 360 minutes after the first injec-
tion of morphine.

In the chronic tolerance conditions, mice re-
ceived morphine once daily for eight consecu-
tive days (10 mg/kg s.c. each day). For mice in
control conditions, saline was substituted for
morphine. To observe the inhibitory or reversal
role of EphB1- Fc in chronic morphine toler-
ance, 10 minutes after intrathecal injection of
saline or EphB1- Fc (0.5 μg/5 μ l) on Day 1, 3,
5, 7 and 8, or Day 8, mice were injected with
either saline or morphine, and morphine toler-
ance-induced antinociceptive tolerance was mea-
sured by hot- plate test after the first injection
of morphine.

An illustration of the experimental design
above is displayed in figure 1.
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A. Acute morphine dependence

Morphine 100 mg/kg s.c.
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10 minutes

Naloxone i.p.

10 minutes

Behavioral
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Inhibitory: EphB1-Fc i.t.

Reversal: EphB1-Fc i.t.

B. Chronic morphine dependence
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Naloxone i.p.
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Reversal: EphB1-Fc i.t.
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C. Acute morphine tolerance

Morphine 100 mg/kg s.c.

3 hours
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Morphine 100 mg/kg s.c.

10 minutes

Behavioral

Phenotype

Inhibitory: EphB1-Fc i.t.

Reversal: EphB1-Fc i.t.

D. Chronic morphine tolerance

Morphine 100 mg/kg s.c.

10 minutes

Behavioral

Phenotype
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Reversal: EphB1-Fc i.t.

D1 D2 D3 D4 D5 D6 D7 D8

Figure 1. An Illustration of the Experimental Design.

2 hours

EphB1-Fc i.t.

EphB1-Fc i.t.

Immunohistochemistry
According to the time course of the spinal p-
ERK1/2 and Fos expression (32), the peak level
of p- ERK1/2 and Fos expression was at 10- 30
minutes and 1 hour after naloxone- precipitated
withdrawal, respectively. Therefore, to examine
the effect of intrathecal injection of EphB1- Fc
on the expression of p-ERK1/2 and Fos, extrac-
tion of spinal cord for immunohistochemistry
and western blot assay was performed at 30 min-
utes and 1 hour time points after the last treat-
ment of drug, respectively.

The protocol of the immunohistochemistry
study was similar to the protocol previously de-
scribed (33). In brief, one hour after the last treat-
ment of drug, mice were anesthetized with sodi-
um pentobarbital (60 mg/kg, i.p.) and subjected
to sternotomy followed intracardial perfuse with
20 ml saline followed by 100 ml 4% ice-cold para-
formaldehyde in 0.1 mol/L phosphate buffer. The
spinal cord of L4- L5 was removed, post- fixed in
4% paraformaldehyde for 3 hours, and subse-

quently allowed to equilibrate in 30% sucrose in
phosphate buffer overnight at 4 ℃ . Thirty- mm
transverse series sections were cut on a cryostat
and stored in phosphate buffer saline (PBS). After
washing in PBS, the tissue sections were incubat-
ed in PBS containing 5% normal goat serum and
0.3% TritonX- 100 at room temperature for 30
minutes. For the Fos protein assay, the sections
were incubated in primary polyclonal rabbit-anti-
Fos antibody (1:1000) (Santa Cruz Biotechnolo-
gy, Santa Cruz, CA, USA) at 4 ℃ for 48 hours. The
sections were then incubated in biotinylated goat
anti- rabbit (1:200) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) at 37℃ for 1 hour and in av-
idin- biotin- peroxidase complex (1:100) (Vector
Labs, Burlingame, CA, USA) at 37 ℃ for 2 hours.
Finally, the sections were treated with 0.05% di-
aminobenzidine (DAB) for 5- 10 minutes. Sec-
tions were rinsed in PBS to stop the reaction,
mounted on gelatin-coated slides, air-dried, dehy-
drated with 70- 100% alcohol, cleared with xy-
lene, and cover-slipped for microscopic examina-
tion. To analyze the changes of Fos protein expres-
sion, we examined 5 spinal cord sections per ani-
mal, selecting the sections with the greatest num-
ber of positive neurons. For each animal, we re-
corded the total number of positive neurons in
the bilateral spinal cord I-V lamina. All positive
neurons were counted without considering the in-
tensity of the staining.

Western Blot Analysis
The spinal cords of the mice were quickly ex-
tracted and stored in liquid nitrogen. Tissue sam-
ples were homogenized in lysis buffer containing
(in mM, pH 7.4): Tris 20.0, sucrose 250.0,
Na3VO4 0.03, MgCl2 2.0, EDTA 2.0, EGTA 2.0,
phenylmethylsulfonyl fluoride 2.0, dithiothreitol
1.0, and protease inhibitor cocktail 0.02% (v/v).
The homogenates were centrifuged at 5000 g for
30 minutes at 4 ℃ . The supernatant was collect-
ed and protein concentration was performed ac-
cording to the Bradford (1976) method using
bovine serum albumin as a standard (34). The
protein samples were stored at -80 ℃.

Protein samples were dissolved in 4X sample
buffer (in mM, pH 6.8): Tris- HCl 250.0, Sucrose
200.0, Dithiothreitol 300.0, 0.01% Coomassie
brilliant blue- G, and 8% sodium dodecyl sulfate,
and denatured at 95 ℃ for 5 minutes. Then the
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equivalent amounts of protein (80 mg) were sepa-
rated using 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and transferred onto ni-
trocellulose membrane. In addition, the gels
stained with Coomassie blue were used to confirm
the equal amounts of protein loaded on each lane.
The membranes were incubated overnight at 4 ℃
with the primary polyclonal rabbit anti-p-ERK1/2
or anti- ERK1/2 antibody (1:700, Bioword, St.
Louis Park, MN, USA). The specificity for p- ERK
antibodies was confirmed by loss of bands in the
absence of primary antibodies. The membranes
were extensively applied with Tris-Buffered Saline
Tween-20 and incubated for 2 hours with the sec-
ondary antibody conjugated with alkaline phos-
phatase (1:500, Santa Cruz, CA, USA) at room
temperature. The immune complexes were detect-
ed using a nitro blue tetrazolium/5-bromo-4-chlo-
ro-3-indolyl phosphate assay kit (Sigma, St. Louis,
MO, USA). Western blot densitometry analysis of
signal intensity was performed using Adobe Photo-
shop software (Adobe, San Jose, CA, USA) and
phosphorylation levels of ERK from densitometry
were normalized to total ERK. The blot density
from control groups was set as 100%.

Data Analysis
Data are expressed as means ± SEM. Statistical
analysis of more than two groups was per-
formed using one- way analysis of variance
(ANOVA) followed by a Tukey's post hoc test.
The significance of any differences in paw with-
drawl latency in the behavior testing was as-
sessed using two-way ANOVA. Time was treated
as a within subjects factor and treatment was
treated as a between subjects factor. The area un-
der the pain threshold change versus time curve
was calculated by GraphPAD Prism5 (Graph Pad
Software Inc., San Diego, CA, USA) in some be-
havioral tests. Statistical analyses of data were
generated using GraphPAD Prism5. All P values
given are based on two- tailed tests. P < 0.05
was considered as statistically significant.

RESULTS

Acute and Chronic Morphine Dependence Up-
Regulated Expression of EphrinB1 in Spinal
Cord of Mice
To determine whether the ephrinB1 played a

role in acute and chronic morphine dependence,
we first observed the expression of ephrinB1 in
the spinal cord of mice in acute and chronic
morphine dependence test. In comparison, acute
morphine dependence induced by a single subcu-
taneous injection of morphine significantly in-
creased the expression of ephrinB1 in the spinal
cord of mice, which was further increased by
acute morphine withdrawal precipitated by ad-
ministration of naloxone (Figure 2A). Chronic
morphine dependence and withdrawal precipi-
tated by administration of naloxone also in-
creased the expression of ephrinB1 in the spinal
cord of mice, which was significantly higher
than that in saline group; although chronic mor-
phine withdrawal precipitated by administration
of naloxone slightly decreased the expression of
ephrinB1, there was no significant difference be-
tween the dependence and withdrawal group
(Figure 2B). The data suggested that the spinal
ephrinB1 may be involved in acute and chronic
morphine dependence.

Intrathecal Injection of EphB1- Fc Inhibited
Acute and Chronic Morphine Tolerance
In order to test the role of spinal ephrinB1 in
acute and chronic morphine tolerance, we ex-
plored ephrinB1- Fc to neutralize spinal eph-
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rinB1 via intrathecal pretreatment, and found
that an initial single subcutaneous injection of
morphine produced a time- dependent analgesic
effect, however, 3 hours after an initial injection
of morphine, the second morphine injection at-
tenuated the analgesic effect. Intrathecal pre-
treatment of EphB1-Fc 10 minutes before an ini-
tial morphine or before the second morphine in-
jection inhibited or reversed morphine tolerance-
induced antinociceptive tolerance (Figure 3A,
B); in the chronic tolerance conditions, mice re-
ceived morphine once daily for consecutive
eight days (10 mg/kg s.c. each day), which pro-
duced a time-dependent decrease in analgesic ef-
fect. Intrathecal pretreatment of EphB1- Fc 10
minutes before morphine injection on Day 1, 3,
5, 7, 8 or before morphine injection only on
Day 8 inhibited or reversed morphine tolerance-
induced antinociceptive tolerance in a long-term
morphine tolerant model (Figure 3C, D).

Intrathecal Pretreatment with EphB1-Fc Decreased
Naloxone- Precipitated Withdrawal Jumping in
Acute and Chronic Morphine Dependence Model
In acute morphine dependence model, acute
morphine withdrawal precipitated by administra-
tion of naloxone, significantly increased the
number of withdrawal jumping, however, intra-
thecal pretreatment of EphB1-Fc 10 minutes pri-
or to the injection of morphine or 30 minutes
prior to naloxone significantly inhibited or re-
versed naloxone- precipitated withdrawal jump-
ing (Figure 4A, B). And the similar results were
observed in chronic morphine dependence mod-
el, 10 minutes prior to the injection of mor-
phine for four consecutive days or 30 minutes
prior to the injection of naloxone, intrathecal
treatment with EphB1- Fc significantly inhibited
or reversed naloxone- precipitated withdrawal
jumping (Figure 4C, D).

Intrathecal Pretreatment with EphB1-Fc Decreased
Naloxone-Precipitated Withdrawal Induced Expres-
sion of Spinal P-ERK in Acute and Chronic Mor-
phine Dependence Mice
Our previous studies have shown that morphine
withdrawal increased the expression of p-ERK1/
2 (5, 32, 35). In the present study, Western blot
assays revealed that intrathecal pretreatment of
EphB1- Fc 10 minutes prior to the injection of

morphine or 30 minutes prior to naloxone sig-
nificantly reduced naloxone- precipitated with-
drawal induced expression of spinal p- ERK in
acute (Figure 5A) and chronic (Figure 5B) mor-
phine dependence mice.

Intrathecal Pretreatment with EphB1-Fc Decreased
Naloxone-Precipitated Withdrawal Induced Expres-
sion of Spinal Fos in Acute and Chronic Morphine
Dependence Mice
Fos protein, the product of the c-Fos immediate
early gene (IEG), has been used as a maker for
neuronal activation in the central nervous sys-
tem (CNS). Our previous studies, along with oth-
ers have shown a positive correlation between
the quantity of Fos protein expression and the
degree of sensitization induced by morphine
withdrawal in the spinal cord neurons (31, 36-
38). The immunohistochemical results indicated
that morphine withdrawal markedly increased
Fos expression, which was distributed in all lami-
nae of the spinal cord in acute (Figure 6A) and
chronic morphine dependence mice (Figure 6B).
Intrathecal pretreatment with EphB1-Fc 10 min-
utes prior to the injection of morphine or 30
minutes prior to naloxone, significantly reduced
naloxone- precipitated withdrawal induced spi-
nal Fos expression in morphine withdrawal mice.

DISCUSSION

This study showed the following findings: a. acute
and chronic morphine treatment increased the
expression of spinal ephrinB1, which was fur-
ther increased by acute and chronic morphine
withdrawal precipitated by administration of nal-
oxone; b. intrathecal pretreatment of EphB1- Fc
inhibited or reversed morphine tolerance- in-
duced antinociceptive tolerance and naloxone-
precipitated withdrawal jumping, which was ac-
companied with the decreased expression of spi-
nal Fos protein and p-ERK. These findings dem-
onstrated a novel mechanism for ephrinBs/Eph-
Bs system involved in modulation of spinal mor-
phine dependence and tolerance.

EphrinBs as Sensitizing Factors Involved in Cen-
tral Sensitization
The important mechanism of tissue injury or in-
flammation reaction produced hyperalgesia is
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Figure 3. Intrathecal Injection of EphB1-Fc Inhibited Acute and Chronic Morphine Tolerance.
A. Intrathecal pretreatment of EphB1-Fc 10 minutes before an initial morphine injection inhibited morphine tolerance-induced hy-

peralgesia in a short-term morphine tolerant model. B. Intrathecal pretreatment of EphB1-Fc 10 minutes before the second mor-

phine injection reversed morphine tolerance-induced hyperalgesia in the short-term morphine tolerant model. Inset figures show

the calculated area under curve (AUC) (180-360 minutes). C. Intrathecal pretreatment of EphB1-Fc 10 minutes before morphine

injection on Day 1, 3, 5, 7, 8 inhibited morphine tolerance-induced hyperalgesia in a long-term morphine tolerant model. D. Intra-

thecal pretreatment of EphB1-Fc 10 minutes before morphine injection only on Day 8 reversed morphine tolerance-induced hy-

peralgesia in the long-term morphine tolerant model. Mice were treated with (+) or without (-) a twice injection of morphine (10

mg/kg, s.c.) or saline in the short- term tolerant model, and consecutive injection of morphine (10 mg/kg, once daily, s.c.) or sa-

line in the long-term tolerant model. Paw withdrawal latency measured by hot-plate test was recorded at 45, 90, 135, 180, 225,

270, 315 and 360 minutes after morphine injection in the short-term tolerant model and once 30 minutes later on Day 1-8 in the

long-term tolerant model. Data are presented as means±SEM, N=12 mice in each group.*P<0.05 compared to E-mor-mor group

and Mor-E-mor group for acute morphine treatment mice; *P<0.05, **P<0.01 compared to E-mor group and Mor-E group for

chronic morphine treatment mice.

that chemicals and inflammatory mediators re-
leased by damage cells and inflammatory cells
make changes in the chemical environment

around nociceptors, excite directly or sensitize
nociceptors, and enhance response to subse-
quent stimuli. Long lasting activation of the

Morphine Dependence and ToleranceHe Liu et al.

85



Journal of Anesthesia and Perioperative Medicine

JAPM WWW.JAPMNET.COM Volume 1November, 2014 Issue 2

*
*

4

3

2

1

0

F
o

ld
ch

a
n

g
e

o
f

p
-E

R
K

1
/2

le
ve

ls
(n

o
rm

a
liz

e
d

to
to

ta
lE

R
K

1
/2

)

Sal+sal E+sal Sal+mor E+mor Mor+E

**

A

* *

4

3

2

1

0

F
o

ld
ch

a
n

g
e

o
f

p
-E

R
K

1
/2

le
ve

ls
(n

o
rm

a
liz

e
d

to
to

ta
lE

R
K

1
/2

)

Sal+sal E+sal Sal+mor E+mor Mor+E

#

BP-ERK1/2
ERK1/2

P-ERK1/2
ERK1/2

Figure 5. Intrathecal Pretreatment with EphB1-Fc Decreased Nal-
oxone- Precipitated Withdrawal-Induced Expression of Spinal P-
ERK in Acute and Chronic Morphine Dependence Mice.
The representative western blot band (top) and the quantitative data
(bottom) for the expression of p-ERK1/2 in the spinal cord of mice in
different groups. The fold change for the density of p-ERK1/2 bands
was calculated after normalization with control. P- ERK1/2 levels in
Sal + sal group were set at 1 for quantifications. N=6 mice in each
group. *P<0.05 compared with Sal- mor group; **P< 0.01, #P<
0.05 compared with Sal-sal group and E-sal group.
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Figure 4. Intrathecal Pretreatment with EphB1-Fc Decreased Nal-
oxone- Precipitated Withdrawal Jumping in Acute and Chronic
Morphine Dependence Model.
Mice were treated with (+ ) or without (- ) a single injection of mor-
phine (100 mg/kg, s.c.) or saline in acute dependence model, and
consecutive injection of morphine (10 mg/kg, once daily, s.c.) or sa-
line in chronic dependence model. A, B. Intrathecal treatment with
(+ ) or without (- ) EphB1-Fc or saline was given 10 minutes prior to
the injection of morphine or 30 minutes prior to naloxone (4 mg/kg, i.
p.) adminstration; C, D. intrathecal treatment with (+ ) or without (- )
EphB1- Fc or saline was given 10 minutes prior to the injection of
morphine for four consecutive days or 30 minutes prior to the injec-
tion of naloxone (4 mg/kg, i.p.) administration. N=12 mice in each
group.*P<0.05, **P<0.01 compared to Sal-mor group.

MOR leads to the change of neurons, inducing
some factors, previously regulating neural axon

growth and synaptic connection formation dur-
ing the development, to play a role again in ab-
normal synaptic connection formation and noci-
ceptive information transmission, and the
change of neuroplasticity forming abnormal syn-
aptic connection is well known as a crucial
mechanism underlying neuropathic pain and
morphine dependence and tolerance.

Eph receptors and ephrin ligands are present
in the adult brain and peripheral tissue, and play
a critical role in modulating multiple aspects of
physiology and pathophysiology. Previous study
found that peripheral nerve injury- induced in-
creased expression of the spinal ephrinB1 and
EphB1 receptor may be one of the key mecha-
nisms contributing to chronic constriction injury
(CCI)-induced hyperalgesia (39). So we speculat-
ed that ephrinBs/EphBs receptors signaling may
be required for the development of morphine
dependence and tolerance. And in this study, we
found that the expression of spinal ephrinB1 sig-
nificantly increased in the acute and chronic
morphine dependence and withdrawal condi-
tions, which indicated that the sensitization of
spinal neurons significantly correlated with high
expression of spinal ephrinB1. Although we also
found chronic morphine withdrawal precipitat-
ed by administration of naloxone slightly de-
creased the expression of ephrinB1, there was
no significant difference between the depen-
dence and withdrawal group. Given the finding,
we presumed that chronic morphine depen-
dence up- regulated spinal ephrinB1 expression
to reach its peak, so chronic morphine with-
drawal did not further increased spinal eph-
rinB1 expression.

Battaglia et al. (16) first reported that intrathe-
cal injection of EphB1 receptor agonist, eph-
rinB2- Fc, can induce thermal hyperalgesia,
which can be prevented by i.t. pretreatment of
EphB1- Fc, suggesting ephrinB2- Fc can reduce
the threshold of long- term potentiation (LTP) of
spinal dorsal horn neurons. In the present study,
we also found that PWL of acute and chronic
morphine tolerance in mice was significantly in-
creased after pre- injection (i.t.) of ephrinBs li-
gand inhibitor and EphB1- Fc; naloxone- precipi-
tated withdrawal jumping of mice was significant-
ly decreased in acute and chronic morphine with-
drawal conditions, accompanied with the de-
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Figure 6. Intrathecal Pretreatment with EphB1-Fc Decreased Naloxone- Precipitated Withdrawal- Induced Expression of
Spinal Fos in Acute and Chronic Morphine Dependence Mice.
N=6 mice in each group. *P<0.05 compared to Sal + mor group; **P<0.01 compared to Sal- sal group and E- sal group, Scale

bar=100 μm.
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creased expression of spinal Fos protein and p-
ERK. The immunohistochemical results demon-
strated that morphine withdrawal markedly in-
creased Fos expression distributed in all laminae
of the spinal cord in acute and chronic morphine
dependence mice, indicating that neurons in all
laminae of the spinal cord were activated, which
was in accordance with the behavioral changes in
acute and chronic morphine dependence mice,
such as jumping, "wet dog" shakes, and tremor.

These data demonstrated that ephrinBs as sen-
sitizing factors may activate postsynaptic mem-
brane receptors or ion channels, intracellular ki-
nase cascades, and intranuclear gene expression
and contribute to the induction, development,
and maintenance of central sensitization.

Morphine Dependence, Neuronal Plasticity and
EphrinBs/EphBs Signaling
Drugs dependence is regarded as a process of
learning and memory, which is related to the
actions of addictive drugs on specific neurons
in CNS. Accumulating researches show that as
the basis of learning and memory, synaptic plas-
ticity mediates the initiation and development
of drugs dependence, and may promote the
memory of addictive behavior (40). Further-
more, development of drugs dependence shares
some common cellular and molecular mecha-
nisms with traditional memory model (41). It
is well known that locus coeruleus nuclear is
the key site mediating morphine withdrawal;
but as a link between peripheral nerve and
high CNS, the spinal cord may play an impor-
tant role in morphine withdrawal. Neuronal
plasticity is the cytological basis of morphine
tolerance and withdrawal. A series of studies
suggest that many kinds of receptors and intra-
cellular signaling pathways, such as NMDA re-
ceptors, cyclic adenosine monophosphate
(cAMP)/protein kinase A (PKA), protein kinase
C (PKC) and nitric oxide (NO), are involved in
plasticity of spinal cord in morphine depen-
dence and withdrawal conditions (3, 4, 42).

Both in vitro and in vivo studies have provided
evidence that ephrinBs/EphBs system partici-
pates in synaptic and neuronal plasticity. The
interaction between EphBs receptor and
NMDA receptor mediates normal function and
plasticity of glutamic acidtamatergic neurons in
the hippocampus in the level of synapses, and
EphBs receptor signaling system may seriously
affect the activity of NMDA receptor and adult
synaptic plasticity (43, 44). Central sensitiza-
tion, an activity- dependent functional plasticity
in spinal cord neurons, is one of the important
mechanisms of morphine tolerance, depen-
dence and withdrawal. In this study, we found
that the expression of spinal ephrinB1 signifi-
cantly increased in the acute and chronic mor-
phine dependence and withdrawal conditions,
and intrathecal pretreatment of EphB1- Fc in-
hibited or reversed morphine dependence, tol-
erance- induced hyperalgesia and naloxone- pre-
cipitated withdrawal jumping. These data sug-
gest that the EphBs receptor mediated synaptic
plasticity may affect acute and chronic mor-
phine tolerance and dependence via the spinal
cord neurons sensitization.

CONCLUSION

This study demonstrates that activation of spinal
ephrinBs/EphBs system induces morphine depen-
dence and tolerance. These findings may have
important implications for exploring the roles
and mechanisms of ephrinBs/EphBs system un-
derlying drugs addictive. In addition, it suggests
that ephrinBs/EphBs pathway would be a new
potential target for the treatment of morphine
dependence or tolerance.
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