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Background: Sustained morphine treatment for cancer pain has been limited due to analgesic
tolerance. Opioid receptor internalization and desensitization mediated by downregulation of
mu-opioid receptor (MOR) expression have been confirmed as one of the mechanisms of chronic
morphine tolerance. In addition to the opiate system, the a2-adrenergic system is involved in the
development of morphine tolerance. Several studies reported that co-administration of
a2-adrenoceptor agonist dexmedetomidine inhibits morphine tolerance in normal or neuropathic
pain animals. However, the effect of dexmedetomidine on morphine tolerance has not been
studied in cancer pain. Therefore, we investigated the effect of intrathecal injection of dexme-
detomidine on the development of morphine tolerance in cancer pain and on the expression of
MOR in the spinal cord of morphine-tolerant cancer pain rats.

Methods: The model was established using a rat’s right hind paw injection of Walker 256
cancer cells. Subcutaneous morphine (10mg/kg) was administrated twice daily for 7 days;
meanwhile, the rats received intrathecal a2-adrenoceptor agonist dexmedetomidine (10wkg)
or antagonist MK-467 (0.25mg/kg) in test groups. Rats receiving drug vehicle served as the
control group. Antinociception was detected by von Frey filaments and hot-plate tests. The
expression of MOR in the spinal cord was examined through real-time reverse transcription
polymerase chain reaction and Western blotting. The data were analyzed via analysis of
variance followed by Student #-test with Bonferroni correction.

Results: Seven-day chronic morphine administration elicited notable analgesic tolerance in the
rats with cancer pain. Co-administration of a2-adrenoceptor agonist dexmedetomidine enhanced
morphine analgesia and attenuated morphine tolerance, which could be blocked by 02-adrenoceptor
antagonist MK-467. Furthermore, pre-treatment of dexmedetomidine significantly upregulated
MOR protein expression without a notable change in MOR mRNA expression in the spinal cord.
Conclusion: Our findings suggest that intrathecal injection of dexmedetomidine enhanced
morphine analgesia and attenuated morphine tolerance in cancer pain, potentially by upre-
gulating MOR expression in the spinal cord. The o2-adrenoceptor agonist may provide
a more versatile analgesia option for morphine treatment for cancer pain.

Keywords: p-opioid receptor, MOR, o2-adrenoceptor, a2-AR, dexmedetomidine, DEX,

morphine tolerance, cancer pain

Introduction
Cancer pain remains a major medical issue that cannot be effectively controlled in
the clinic.' Morphine, a prototypical opiate analgesic, is one of the most commonly
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used drugs to treat moderate-to-severe pain. However, the
development of chronic analgesic tolerance, requiring an
increased dose for the same level of analgesia, has led to
an underutilization of morphine in long-term treatment.”
On the basis of the definition of opioid tolerance, the
prevalence of opioid tolerance in cancer patients ranges
between 40% and 80%.°> High-dose opioids in cancer
patients are associated with decreased survival.* To
improve cancer pain management, a new therapeutic
approach is needed to better control morphine tolerance.
The mechanism underlying morphine tolerance is
complex. As a primary mediator of morphine analgesia,
p-opioid receptor (MOR) contributes to the formation
and development of chronic morphine tolerance through
downregulating the expression of MOR and uncoupling
from G-proteins>® Accumulating evidence provides sup-
port for the involvement of the noradrenergic system in
morphine actions”® The a2 adrenoceptors (02-ARs), co-
localized with MOR in the spinal cord,’ has been
reported to have a conformational cross-talk to MOR
controlling cell signaling in morphine dependence and
withdrawal'®!" Moreover, synergistic interactions have
also been observed between a2-AR and opioid
analgesics.'”> Dexmedetomidine (DEX) is a highly selec-
tive a2-AR agonist, which has been promoted for its
antinociceptive potency with opioid-sparing effects in
pain treatment, including acute inflammatory pain,"
post-operative pain'* and chronic neuropathic pain unre-
sponsive to opioid analgesics.'> Some investigations also
have indicated that combination use of DEX and mor-
phine inhibited the analgesic tolerance to sustained mor-

phine exposure in normal rats'®'’

or long-term treatment
for neuropathic pain.'® However, the effect of a2-AR
agonist DEX on chronic morphine tolerance has not
been studied in cancer-induced pain.

As we know, the underlying mechanisms of cancer
pain appear very complex, having inflammatory, neuro-
pathic and tumorigenic components. In this study, we
investigated the effect of intrathecal DEX administration
on the development of morphine tolerance in cancer pain
treatment. Based on a rat model of cancer pain, a2-AR
agonist DEX and antagonist MK-467 were intrathecally
injected before subcutaneous administration of morphine
to evaluated the effect of DEX on morphine analgesia.
Furthermore, considering the co-localization and interac-
tion between a2-AR and MOR, we also examined the
DEX-induced effect on the level of MOR expression in
the lumbar spinal cord of morphine-tolerant rats.

Materials and Methods

Animals

Adult male Wistar rats weighing 200 + 20 g were provided
by the Laboratory Animal Center of Harbin Medical
University, Harbin, China. Rats were housed in a room
maintained at 22 = 1 °C, with a 12—12 h light-dark cycle,
water and food ad libitum. This raising and treatment of
the rats followed the policies and recommendations of the
International Association for the Study of Pain (IASP),
and the National Institutes of Health (NIH) guidelines for
laboratory animals. The study was approved by the
Animal Care and Use Committee of Harbin Medical
University, Harbin, China.

Intrathecal Catheter Implantation

The rats were initially anesthetized with 5% sevoflurane in
30% O2 (remainder N2), then keeping autonomous
respiration and inhalation anesthetized with 2-3% sevo-
flurane. The catheterization was performed as described by
previous studies with modifications.'” Briefly, the animal
was placed in a prone position, and a midline skin incision
was made to expose the intervertebral membrane between
L3 and L4. The tip of a 12 cm long catheter (Polyethylene
PE 10; Becton Dickinson, Franklin Lake, NJ) was inserted
into the subarachnoid space about 2.0 cm. The catheter
was fixed to the muscle, and the other end was tunneled
rostrally underneath the skin to exit 1.5 cm in the occipital
region. The incisions were then closed in two layers using
4-0 silk. After 5 days of recovery in a separate cage, the
lidocaine test was performed on the rats to evaluate
whether i.t. catheterization was successful. Rats showing
hind limbs paralysis within 30 s after i.t. administration of
2% lidocaine (10 uL) suggested successful i.t. catheteriza-
tion. Rats that displayed any abnormal neurological signs
were excluded from experiments.

Cell Preparation and Cancer Pain Model

Establishment

The Walker 256 carcinoma cells were prepared from
breast cancer cells of Wistar rats at the Cancer research
institute of Heilongjiang (Harbin, China). Briefly, 2x10’
cells (in 0.5 mL) were injected into the abdominal cavity
of homologous Wistar rats. Three-milliliter ascites were
collected sterilely after 7 days. Cells in ascites were
washed twice and resuspended in phosphate buffered sal-
ine (PBS, pH 7.4) to a final concentration of 10° per
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100 pL. The tumor cells were then kept on ice before
injection.

According to our previous studies,”” the cancer pain
model was established by inoculating Walker 256 carci-
noma cells to the plantar region of the right hind paw of
each rat with i.t. catheterization. After 5 days following
tumor cell inoculation, a marked proliferation of tumor
cells was detected, and the hind paw thermal hyperalgesia
was suggesting

also detected by behavior tests,

a successful setup of the cancer pain model.

Induction of Morphine Tolerance and
Drug Delivery

A total of 36 rats were randomly allocated to 6 groups
(n=6). All drugs were administered twice daily (9:00 am
and 6:00 pm) for 7 days. To induce morphine analgesic
tolerance, a 7-day cumulative dosing regimen was used.
The rats were injected intrathecal (i.t.) with normal saline
10 pL and subcutaneous (s.c.) with morphine sulfate
(Northeast Pharmaceutical Group Co., Ltd., Harbin,
China) 10mg/kg/mL (vehicle+morphine group; n=6). The
analgesic effects of morphine were measured by the tail-
flick test. Drugs were delivered as follows: in separate
groups, rats received i.t. injection of dexmedetomidine
(10 pg/kg, 20 pulL; Heng Rui Pharmaceutical Co., Ltd.
Jiangsu, China) and s.c. injection of morphine (DEX+mor-
phine group; n=6), or i.t. injection of a,-AR antagonist
MK-467 (0.25 mg/kg, 10 pL; USA) 30min prior to Dex
and s.c. injection of morphine (MK-467+DEX+morphine
group; n=6). DEX was injected 30 min prior to morphine.
The rats received i.t. 10uL and s.c. 1mL/kg injection of
normal saline served as the control group (vehicle+saline
group; n=6). Furthermore, to test the effects of DEX on
cancer pain, the rats received i.t. injections of DEX (DEX
+saline group; n=6) or MK-467 30min prior to DEX (MK-
467+DEX+saline group; n=6).

Behavioral Tests

All rats were acclimated to the testing environment for at
least 3 days prior to baseline measurements. Behavioral
assays were performed before drug administration on day
0 and 30 min after drug delivery in the morning from day
1 to day 7. The withdrawal threshold to mechanical stimuli
was assessed by von Frey filaments (Stoelting Company,
Wood Dale, IL, USA) using a staircase method. Three
measurements were performed on the right paw of each
rat, and the mean value of mechanical withdrawal

thresholds (MWT) from both hind paws was used.
Thermal withdrawal latencies (TWL) were determined
for each rat using a hot-plate apparatus in a plastic cylinder
(Technology & Market CORP, Chengdu, China). Rats
were individually placed on the hot plate (52°C), and
latency was defined as the time that elapsed before the
rat licked a hind paw or jumped. The maximal cut-off time
was 30 s to avoid damage to the paws. Three measure-
ments at 10 min interval were averaged to generate the
final values. All behavioral tests were performed by an
experimenter blinded to the experiment.

Real-Time Quantitative PCR

The animals were sacrificed on day 7 of morphine treat-
ment after the behavioral tests. RT-PCR was performed
using lumbar L3-L5 segments of spinal cord ipsilateral to
the tumor cell injections. Total RNA was isolated using
TRIzol (Invitrogen, Carlsbad, CA), and a 2 ug aliquot was
used for complementary deoxyribonucleic acid (cDNA)
synthesis using the Transcriptor First Strand cDNA
Synthesis Kit (Roche, Basel, Switzerland). The cDNA
was used as a template for RT-PCR amplification using
Fast Start Universal SYBR Green Master Mix (Roche).
Primers for MOR and GAPDH (glyceraldehyde-3-phos-
phate dehydrogenase) were designed by PrimerExpress
software (Applied Biosystems, Inc., Carlsbad, CA) and
were as follows: MOR (forward: 5- GCTATCGGG
CTCCAAAGAAA-3', reverse: 5'- GGGTCCAGCAGAC
GATAAATAC-3"); GAPDH (forward: 5- ATGCCATCA
CTGCCACTCA-3', reverse: 5- CCTGCTTCACCACC
TTCTTG-3'). Quantitative PCR amplification was per-
formed according to the manufacturer’s instructions (30
seconds at 95°C, 40 cycles of 5 seconds at 95°C and 30
seconds at 55°C) using an ABI 7500 fast real-time PCR
system (Applied Biosystems, Inc., Carlsbad, CA).

Western Blotting

Western blotting was performed as our previous
procedures.”’ In brief, samples (L3-L5 segments of the
spinal cord) were collected and washed with ice-cold
phosphate buffered saline (PBS) before lysed in RIPA
(radioimmunoprecipitation assay) lysis buffer (Solarbio,
Beijing, China). Then, the whole sample lysates were
collected for homogenization and centrifugation, and the
protein concentration of the supernatant was measured by
the Bradford method. The proteins were electrophoreti-
cally transferred onto polyvinylidene difluoride (PVDF)

membranes, which were blocked with 3% non-fat dry
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milk for 1 h and incubated overnight at 4°C with primary
antibodies for MOR (Abcam, 1:2000) and p-actin
(ABclonal, 1:10,000, performed as a loading control).
Then the filters were developed using ECL reagents
(Meilunbio, Dalian, China) with secondary antibodies
[goat anti-mouse or goat anti-rabbit horseradish peroxidase
(HRP),  1:3000; USA].
Densitometric scanning was used for quantitative analysis.

conjugated Millipore,

Statistical Analysis

Data were analyzed by the Statistical Product for Social
Sciences (SPSS version 23.0). Data were presented as
mean + SD. For behavioral data, the difference between
groups was determined by two-way repeated measures
ANOVA followed by Student #-test with Bonferroni cor-
rection. MOR expression on mRNA and protein level were
analyzed via one-way ANOVA followed by Student #-test
with Bonferroni correction for multiple comparisons. We
performed 7 comparisons at each period: vehicle + saline
versus the other 5 groups, DEX-+morphine versus vehicle
+morphine, and MK-467+DEX+morphine versus vehicle
+morphine. A P value less than the Bonferroni-corrected
threshold of 0.0071 (0.05/7) was defined as statistically
significant.

Results
Induction of Morphine Tolerance in Rats

with Cancer Pain

Mechanical and thermal hyperalgesia were observed
within 5 days after injection of Walker 256 tumor cells.
Cancer induced pain behaviors in rats were indicated by
significantly increased mechanical and thermal sensitivity.
As presented in Figures 1 and 2, no significant difference
was found in mechanical withdrawal threshold (MWT)
and thermal withdrawal latency (TWL) in right hind paw
among each group prior to drug administration (day 0). In
the first three days, morphine administration produced
a significant analgesic effect compared with the control
group based on mechanical and thermal hyperalgesia
(P<0.007). In the following days from day 4, in rats with
morphine treatment, the level of morphine analgesia gra-
dually decreased compared with day 1 (P<0.007).
Furthermore, from day 4 to day 7, the MWT and TWL
in the morphine group had no significant alternations
compared with the control group, indicating that 7-day
chronic morphine administration elicited notable analgesic
tolerance in the rats with cancer pain.

The Effect of Dexmedetomidine on
Mechanical Hyperalgesia in Development
of Morphine Tolerance in Rats with

Cancer Pain

As presented in Figure 1, compared with morphine group,
MWT in DEX+morphine group significantly increased
from day 2 to day 7, which suggested that pre-
administration of DEX can strengthen the analgesic effect
of morphine (P<0.007). Although MWT values of DEX-
pretreated rats (DEX+morphine group) reduced substan-
tially from day 3 to day 7 compared with day 1 (days 3-7:
all P<0.007), the analgesic effect remained significantly
higher than the control group (days 1-7: all P<0.007) on
each day. Thus, pre-administration of DEX could prevent
the analgesic tolerance formation of morphine (P<0.007).
No significant difference was shown in MWT between the
MK-467+DEX+morphine group and vehicletmorphine
group. Thereby, the 02-AR antagonist MK-467 could
reverse the effects of DEX on morphine analgesia and
tolerance. The mechanical hyperalgesia of repeated admin-
istration of DEX alone (DEX+saline group) did not differ
from the control group in the von Frey filaments test.

The Effect of Dexmedetomidine on
Thermal Nociception in Development of
Morphine Tolerance in Rats with Cancer
Pain

As presented in Figure 2, compared with morphine
group, TWL in DEX+morphine group significantly
increased from day 4 to day 7, which suggested that pre-
administration of DEX can strengthen the analgesic
effect of morphine (P<0.007). Although TWL values of
DEX-pretreated rats (DEX+morphine group) reduced
on day 7 compared with day 1 (P<0.007), the analgesic
effect remained significantly higher than the control
group (days 1-7: all P<0.007) on each day. Thus, the
pre-administration of DEX could prevent the analgesic
tolerance formation of morphine (P<0.007). No signifi-
cant difference was shown in TWL between the MK-467
+DEX+morphine group and the vehicletmorphine
group. Thereby, the 02-AR antagonist MK-467 could
reverse the effects of DEX on morphine analgesia and
tolerance. The thermal hyperalgesia of repeated admin-
istration of DEX alone (DEX+saline group) did not
differ from the control group in the hot plate test.
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Figure | Mechanical withdrawal threshold (MWT) of ipsilateral hind paw in cancer pain rats. Pre-injection (i.t.) of DEX attenuates mechanical hyperalgesia to repeated
morphine administration. The rats (n=6) received vehicle+saline, DEX+saline, MK-467+DEX+saline, vehicle+tmorphine, DEX+morphine, or MK-467+DEX+morphine
respectively in each group, s.c. morphine or i.t. DEX or MK-467 injections twice daily for 7 days. The antinociceptive effect of the administered drugs was measured 30
minutes after the first injection (morning) via the von Frey test on each day. The values are presented as mean + SD. A two-way repeated measures ANOVA in the MWT
showed significant differences for the groups (P<0.007), times (P<0.007) and interaction (P<0.007). Comparisons by Student t-test with Bonferroni correction (P<0.05/
7=0.007 14 was defined as statistical significance) displayed significant within-group and between-group differences in MWT. *p<0.007 compared with vehicle+saline group,
#P<0.007 compared with vehicle+morphine group, *P<0.007 compared with day | in the corresponding group.

Abbreviations: s.c., subcutaneous; i.t., intrathecal; DEX, dexmedetomidine; MWT, mechanical withdrawal threshold.

cord. As presented in Figure 4, compared with the

The Effect of Dexmedetomidine on MOR
mRNA Expression in Morphine-Tolerant

Rats with Cancer Pain

RT-PCR was used to determine the mRNA expression of
MOR in the L3-L5 spinal cord. The vehicle + saline group
served as the control group. As shown in Figure 3, there

control group, chronic morphine administration (vehi-
cletmorphine group) significantly decreased the pro-
tein expression of MOR in cancer pain rats
(¥*%P=0.003<0.007). Pre-administration of DEX (DEX
+morpnine group) significantly increased MOR protein
expression in the spinal cord compared with morphine
administration  alone group)
(#P=0.004<0.007). No significant difference was
found between MK-467+DEX+morphine group and
vehicletmorphine group, indicating that the a2-AR

was no significant difference in MOR mRNA expression

among the six groups. (vehicle+morphine

The Effect of Dexmedetomidine on MOR

Protein Expression in Morphine-Tolerant

Rats with Cancer Pain
Furthermore, Western blotting was performed to deter-
mine the protein level of MOR in the L3-L5 spinal

antagonist MK-467, 30 min prior to DEX administra-
tion, could partially block the effect of DEX on mor-
phine-induced downregulation of MOR protein

expression.
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Figure 2 Thermal withdrawal latency (TWL) of the ipsilateral hind paw in cancer pain rats. Pre-injection (i.t.) of DEX attenuates thermal nociception to repeated morphine
administration. The rats (n=6) received vehicle+saline, DEX+saline, MK-467+DEX+saline, vehicle+morphine, DEX+morphine, or MK-467+DEX+morphine respectively in
each group, s.c. morphine or i.t. DEX or MK-467 injections twice daily for 7 days. The antinociceptive effect of the administered drugs was measured 30 minutes after the
first injection (morning) via the hot plate test on each day. The values are presented as mean * SD. A two- way repeated measures ANOVA in the MWT showed significant
differences for the groups (P<0.007), times (P<0.007) and interaction (P<0.007). Comparisons by Student t-test with Bonferroni correction (P<0.05/7=0.007 14 was defined
as statistical significance) displayed significant within-group and between-group differences in TWL. *P<0.007 compared with vehicle+saline group, "P<0.007 compared with
vehicle+morphine group, ¥P<0.007 compared with day | in the corresponding group.

Abbreviations: s.c., subcutaneous; i.t., intrathecal; DEX, dexmedetomidine; TWL, thermal withdrawal latency.

Discussion

In this study, we found that intrathecal injection of a2-
AR agonist DEX significantly decreased the mechan-
ical and thermal hyperalgesia in morphine-treated rats
with cancer pain, which could be reversed by the o2-
AR antagonist MK-467. This indicated that DEX
enhanced the analgesic effect of morphine and attenu-
ated the development of analgesic tolerance to mor-
phine in cancer pain via an o2-AR pathway.
Furthermore, we found that co-injection of DEX with
morphine increased MOR protein expression in the
spinal cord, while no evident influence in mRNA
expression has been found. Our findings suggested
that the a2-AR agonist DEX may play a positive role
of attenuating morphine tolerance in cancer pain treat-
ment potentially via upregulating MOR expression at
a post-translational level.

Studies have shown that MORs are crucial for both
positive and negative effects of opioids. After knocking
out the MOR gene, morphine not only loses its analgesic
effect but also no longer causes side effects such as
analgesic tolerance, hyperalgesia, and drug addiction.?’
Thus, the MOR is one of the core components when
investigating morphine tolerance. One proposed mechan-
ism of antinociceptive tolerance after sustained opioid
exposure is through agonist induced receptor desensitiza-
tion and downregulation of functional receptors present in
target neurons.”> A decrease in functional, cell surface
MOR as a result of prolonged morphine exposure is
a characteristic common to many GPCR that have been
studied to date and as such, receptor desensitization and
downregulation as a cellular mechanism of drug tolerance
is widely accepted.”” Studies of heroin users found that
high opioid use correlates with the downregulation of the
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Figure 3 p-Opioid receptor (MOR) mRNA expression in the spinal cord of cancer pain rats. The vehicle + saline group serves as control. The values are presented as mean

+ SD (n =5 for each group). There is no significant difference between each group.

MOR on circulating leukocytes.?® Studies have shown that
cancer pain generally required significantly higher doses
of morphine as compared to inflammatory pain.**
Moreover, it has been demonstrated that chronic pain and
opioid administration are two main mechanisms inducing
MOR downregulation.”® Thus, from a molecular perspec-
tive, we speculate that chronic morphine tolerance is more
likely to induce downregulation of MOR in cancer pain
model as compared to that in non-cancer model, which
appears little or no decrease in MOR expression and
receptor binding.*® In this study, sustained morphine treat-
ment significantly decreased the protein expression of
MOR in the spinal cord of cancer pain rats in the vehicle
+morphine group as compared with the control group. Our
findings strongly support that morphine-induced downre-
gulation of MOR expression in cancer pain promotes the
development and maintenance of morphine tolerance.”'
The role of 02-AR agonists in the development of
morphine tolerance has been studied in several researches.
Based on a normal rat or non-cancer pain rat model,'” co-
administration of DEX has been shown to inhibit the
development of chronic analgesic tolerance to morphine.
still
remains unclear, and the effect of a2-AR agonist DEX

Whereas the underlying molecular mechanism

on morphine tolerance in cancer pain has not been
reported. In this study, we used a morphine tolerance

model induced on cancer pain rats to find that intrathecal
injection of DEX increased the analgesic effects of mor-
phine while attenuating morphine tolerance during long-
term treatment for cancer pain. Opioid and adrenergic
both belong to the family of Gi/Go-
protein—coupled receptors (GPCR). A co-expression of

receptors

the two receptors has been reported in the spinal cord
superficial dorsal horn layers I and II, an area of projection
for most ascending nociceptive A and C fibers.?’
Moreover, their post-receptor signal transduction pathways
may be similarly shared by the two receptors on the same
cell.?® Considering the mechanisms of opioid tolerance
involves changes at the receptor level as well as at down-
stream sites,”” we therefore hypothesize that the effect of
02-AR agonists on morphine tolerance may occur in two
ways: (1) the interaction with MOR and (2) the involve-
ment in post-receptor signaling pathways. Accumulating
evidence has shown that chronic morphine treatment
would not alter the transcriptional ability of the MOR
gene but may regulate the synthesis of MORs at the post-
transcriptional level,>**! Many laboratories examined the
effects of morphine treatment on MOR mRNA Ievels and
failed to find a significant effect, 323334 Similarly, rather
than MOR mRNA expression, we observed that intrathecal
injection of DEX evidently increased the protein expres-
sion of MOR, which was downregulated by chronic
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Figure 4 §1-Opioid receptor (MOR) protein expression in the spinal cord of cancer pain rats. Effects of i.t. injection of DEX on MOR protein expression in the spinal cord of
rats repeatedly treated with morphine. (A) protein expression of MOR in the spinal cord, (B) analysis of the gray value of the MOR protein bands in the spinal cord. After
the behavioral tests on day 7, Western blotting was performed using the lumbar L3/L4/L5 segments of the spinal cord. The data are expressed as the mean fold-change in
protein expression relative to the control group (n=5). The vehicle+saline group served as control. MOR protein expression levels were analyzed via a one-way analysis of
variance ANOVA and then followed by multiple comparisons using Student t-test with Bonferroni correction (P<0.05/7=0.007143 was defined as statistical significance).
*P=0.003<0.007 compared with the vehicle+saline group; *P=0.004<0.007 compared with the vehicle+morphine group.

morphine exposure, and further attenuated the mechanical
and thermal hyperalgesia of rats due to morphine analgesic
tolerance. These findings suggested that DEX attenuated
morphine tolerance in cancer pain rats via modulating the
expression MOR on a post-transcriptional level. The post-
transcriptional processing of MOR proteins essentially
relies on specific interactions between cis-acting elements

mainly localized in the untranslated region (UTR) of the
transcript and the trans-acting factors [RNA-binding pro-
teins (RBPs) and non-coding regulatory RNAs] that bind
to these sequences,’”° In the cancer pain morphine toler-
ance model, the specific post-transcriptional process of
DEX-induced upregulation on MOR expression remains
to be further investigation.
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As previously mentioned, opioids and 02-AR agonists
may interact at multiple levels in association with analge-
sic, neuroinflammatory, and immunomodulatory effects. It
has been confirmed that sustained application of morphine
enhances the neuroimmune reactivity mediated by the
innate immune receptor Toll-like receptor 4 (TLR4).*’
TLR4, expressed in a wide variety of cells, can recognize
the invariant molecular structures of pathogens and parti-
cipate in innate immunity.*® Through binding to the gly-
coprotein myeloid differentiation factor-2 (MD-2) on
TLR4,>** morphine initiates an inflammatory response
via activating nuclear factor kappa B (NF-kB) and p38
(MAPK)
phosphorylation,37 further resulting in the release of proin-

mitogen activated protein kinase
flammatory cytokines including tumor necrosis factor
(TNF), Interleukin-1 beta (IL-1B), and Interleukin 6 (IL-
6),°>°. These series of spinal TLR4 activities oppose the
antinociceptive effect of morphine, and further contributes
to analgesic tolerance. 02-ARs have been detected in
microglial cells of the spinal cord and DRG, as an agonist
of a2-AR, DEX has been reported a potential neuropro-
tective effect through modulating central immune activ-
ities. In rat models of inflammatory pain and neuropathic
pain, co-administration of DEX and morphine downregu-
lates the expression of TLR4 mediated NF-kB activation,
and then effectively inhibits the morphine-induced inflam-
matory responses,*'** Collectively, we speculate that other
than modulating MOR expression, the attenuation of DEX
in morphine tolerance in cancer pain may also exert via
spinal glial signaling pathways.

Numerous studies have shown that the central noradre-
nergic system is involved in many actions of morphine,®
wherein the analgesic synergism between a2-AR agonists
and opioid agonists exists in the spinal cord.'> On one
hand, 02-AR agonists potentiate morphine analgesia not
only in acute pain models but also in rodent models of
chronic pain,*** Similarly, in our research on a cancer
pain model, the behavioral tests showed that intrathecal
injection of DEX significantly increased the nociceptive
efficacy of morphine in long-term pain treatment. This
opioid—adrenoceptor synergy has been further confirmed
by the clinical studies concerning intrathecal DEX and
morphine reduced the morphine consumption in patients
with refractory cancer pain without serious side effects.*’
On the other hand, the analgesic effect of a2-AR agonists
is enhanced in animals with morphine tolerance, since
chronic systemic morphine administration upregulated
the expression of 0a2A, a2B and 02C-AR in lumbar DRG

and the dorsal horn.*® In this study, we observed that
intrathecal delivery of DEX relieved the cancer-evoked
pain in the state of morphine tolerance via upregulating
MOR expression in spinal cord. Although we did not test
the expression of 02-AR in DRG and spinal cord, it could
be speculated that the upregulation of a2-AR expression
might contribute to the attenuated development of mor-
phine tolerance in the cancer pain rats receiving combina-
tion of DEX and morphine.

Further researches are planned to be carried out from
the following aspects. Firstly, based on a cancer pain
model, the effect of DEX in chronic morphine tolerance
will be examined using different dosages. Secondly, the
expression of 02-AR will be tested to verify our specula-
tion concerning the upregulation of a2-AR by sustained
morphine stimulation in cancer pain. Thirdly, the spinal
glia pathways involved in DEX attenuating morphine tol-
erance will be evaluated in cancer pain. As such, the
mechanism underlying the effect of DEX on morphine
tolerance in cancer pain can be better clarified.

In conclusion, this study demonstrates that a2-AR ago-
nist DEX enhances morphine analgesia and attenuates the
development of morphine tolerance in cancer pain. This
effect is accompanied by an upregulation of the morphine-
induced MOR expression in the spinal cord. Our findings
provide a further understanding of the interaction between
02-AR and opioid system, showing the therapeutic benefit
of DEX combined with morphine for cancer pain
treatment.
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