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Abstract

Hypothesis: Electroacupuncture (EA) has been used as an alternative analgesic therapy for hundreds of years, yet its analgesic
potency and therapeutic advantage against bone cancer pain (BCP) in comparison with morphine remains unclear. This study
aimed to investigate the effects of EA on mechanical allodynia and cellular immunity of BCP rats, and to further explore the
potential mechanism. Methods: The BCP model was established by implanting Walker 256 mammary gland carcinoma cells
into the left tibia of adult female Sprague-Dawley rats. EA (dilatational wave, 2/100 Hz, 0.5 mA—-ImA~-1.5 mA for 10 minutes
each intensity) was applied bilaterally to Zusanli (ST 36) and Kunlun (BL 60) for 30 minutes. Both EA stimulation and morphine
(10 mg/kg, intraperitoneally) was given once every other day. Naloxone (0.3 mg/kg, intraperitoneally) was injected at 30 minutes
prior to EA. Mechanical allodynia were demonstrated by paw withdrawal thresholds (PVWWTs) which measured by dynamic plantar
aesthesiometer. T cell proliferation, percentage of CD3", CD4" and CD8" T lymphocytes in spleen as well as expression of
interleukin-2 (IL-2) in plasma were detected by WST-8, flow cytometry, and enzyme-linked immunosorbent assay technique,
respectively. Results: An intratibial inoculation of Walker 256 mammary gland carcinoma cells significantly decreased PWTs to
mechanical stimuli. EA stimulation alleviated mechanical allodynia in BCP rats, and the analgesic potency of EA was weaker than
that of morphine. In contrast to morphine, EA stimulation of BCP rats increased splenic concanavalin A (Con A)-induced T cell
proliferation and plasma IL-2 content, as well as increased the percentages of splenic CD,"CD," and CD,"CD," T cell subsets.
Moreover, both the analgesic effect and the partial immunomodulation of EA were suppressed by an intraperitoneal injection of
naloxone. Conclusion: EA could significantly alleviate BCP-induced mechanical allodynia. Although the analgesic effect of EA was
weaker than that of morphine, EA had an immunomodaulation effect on cellular immunity. Both analgesic and immunomodulatory
effect of EA might share the same mechanism via the opioid-mediated pathway, which needs further investigation.
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Bone cancer pain (BCP), which is one of the most common
type of cancer pains, always manifests as severe and intrac-
table pain. Pain is the most disruptive cancer-related event
to the cancer patient’s quality of life. Opiate drugs, such as
morphine, are the gold standard for treating moderate to
severe pain or breakthrough pain resulting from cancer, and
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data of evidence-based medicine have led to opioid therapy
being strongly recommended for treating cancer pain.'
Additionally, an increasing number of studies show that
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opioid-induced immunosuppression is the most significant
drug-induced medical problem or side effect of opiate drug
administration.” Morphine, a typical opioid analgesic, has a
number of immunosuppressive effects, including inhibiting
phagocytosis and neutrophil migration,® suppressing natu-
ral killer cell-mediated cytotoxicity,"> decreasing T cell
function and reducing the percentages of T lymphocyte sub-
sets in a dose-dependent manner.*’

Electroacupuncture (EA) has been used as an alternative
analgesic therapy for hundreds of years. Numerous studies
have shown that EA alleviates multiple painful conditions,
such as inflammatory pain®'® and neuropathic pain.'"'?
Moreover, EA has recently been reported to attenuate can-
cer pain in animal studies.'>'® The results of a systematic
meta-analysis suggest that acupuncture is not more effec-
tive than drug therapy but that acupuncture plus drug ther-
apy is more effective than drug therapy alone.!” Thus, the
exact analgesic potency of EA on cancer pain remains
unclear and needs further evaluation.

It is widely known that opioids, such as morphine, suppress
the immune system either through a direct pathway by binding
to mu-opioid receptors present on immune cells or through an
indirect pathway by binding to p-opioid receptors within the
central nervous system.>'® The finding that EA modulates the
release of opioid peptides in the central nervous system is not
new. Previous studies reported that the analgesic effect of EA
was associated with the release of endogenous opioid peptides,
such as B-endorphin, enkephalin and dynorphin.'**° Moreover,
it has been reported that the peripheral opioid system contrib-
utes to the analgesic effect of EA.*'** EA-induced antinocicep-
tion is blocked by a intraplantar injection of antiopioid peptide
antibodies™ or an opioid receptor antagonist,”’ and inhibiting
the recruitment of opioid-containing macrophages decreases
EA-induced antinociception.”> However, the effect of EA on
the immune system in a BCP model is unknown, and it is
unclear if EA modulates the immune system via the opioid sys-
tem in a BCP model.

In this article, the BCP model was established by an
intra-tibial injection of Walker 256 mammary gland carci-
noma cells. We simultaneously evaluated the effects of EA
on mechanical allodynia and T cell-mediated immunity in a
rat model of BCP and compared the effects of EA and mor-
phine to further clarify the potential advantages of using EA
as a complementary and alternative therapy in the treatment
of cancer pain.

Materials and Methods

Experimental Animals

Adult female Sprague-Dawley rats weighing 150 to 180 g
were used as the BCP model. All rats were housed in tem-
perature- and light-controlled rooms (24°C + 2°C, 12-/12-
hour light/dark cycle) with access to food and water ad

libitum. All experimental procedures were approved by the
Animal Ethics Committee of the Zhejiang Chinese Medical
University and were in accordance with the guidelines of
the Care and Use of Laboratory Animals of the National
Institutes of Health.

Surgery

The BCP model was established by implanting Walker 256
mammary gland carcinoma cells into the left tibia using a pro-
cedure similar to that described by Wang et al.** Briefly, sus-
pensions of carcinoma cells were collected from the ascitic
fluid of the peritoneal cavity, and the percentage of cellular
activity (more than 95%) was calculated using a TC10
Automated Cell Counter (Bio-Rad Laboratories, Inc, Irvine,
CA, USA). Injecting the carcinoma cells (3 x 10° cells in 5
pL) into the medullary cavity of the left tibia under anesthesia
with 10% chloral hydrate (0.35 mL/100 g) induced bone can-
cer in the rats. To prevent leakage of the tumor cells, the
syringe (10 pL, Hamilton Co, Bonaduz, Switzerland) was
kept in position for 2 minutes, and the injection hole was
quickly sealed with bone wax. Penicillin (20 000 units/rat,
intramuscularly) was given once per day for 5 days to avoid
infection. In the sham BCP group, the same volume of boiled
carcinoma cells was injected using a similar procedure, and
the rats in the Control group did not receive any intervention.

Experimental Groups and Design

Part I. The rats were divided randomly into 5 groups as fol-
lows: (1) a Control group without any intervention; (2) a
Sham BCP group, which received an intratibial inoculation
of 5 uL boiled carcinoma cells suspension; (3) a BCP group,
which received an intratibial inoculation of Walker 256
mammary gland carcinoma cells (3 x 10° cells in 5 uL); (4)
a BCP + EA group, which received an intratibial inocula-
tion of carcinoma cells (same as the BCP group) and EA
treatment (2/100 Hz, once every other day, 8 times in total);
and (5) a BCP + Mor group, which received an intratibial
inoculation of carcinoma cells (same as the BCP group) and
morphine treatment (10 mg/kg, intraperitoneally, once
every other day, 8 times in total).

Part 2. The BCP rats were divided randomly into 2 groups
as follows: (1) the EA + NS group and (2) the EA + NAL
group, which received an intraperitoneal injection of sterile
normal saline (200 pL) or naloxone (0.3 mg/kg) prior to EA
treatment, respectively. Both drug and EA treatment were
given once every other day, 8 times in total.

EA Treatment

For EA, the rats were gently immobilized using a special
cotton retainer designed by our laboratory (Patent No. ZL
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2014 2 0473579.9, State Intellectual Property Office of the
People’s Republic of China). Stainless steel acupuncture
needles (0.25 mm diameter,13 mm length, Suzhou Medical
Appliance Factory, Suzhou, China) were inserted to a depth
of 5 mm at ST36 (Zusanli) bilaterally (5 mm lateral to and
below the anterior tubercule of the tibia) and BL60 (Kunlun)
bilaterally (at the level of the ankle joint, between the tip of
the lateral malleolus and the Achilles tendon). The 2 homo-
lateral needles were connected to the output terminals of a
HANS Acupuncture Point Nerve Stimulator (Hans-100,
Huawei Co, Ltd, Beijing, China). The EA parameters were
set as follows: constant square wave current output (pulse
width: 0.6 ms at 2 Hz, 0.2 ms at 100 Hz); intensities of 0.5,
1 and 1.5 mA (10 minutes each, total 30 minutes); and alter-
nating frequencies of 2 Hz and 100 Hz (automatically shift-
ing between 2 Hz and 100 Hz stimulation every 3 seconds).
The EA stimulation was given once every other day for 30
min and was started after the completion of the behavioral
test from day 6 to day 20 postinoculation, 8 times in total.

Drug Administration

Rats in the BCP + Mor group received an intraperitoneal
injection of 10 mg/kg morphine hydrochloride (C81004-2,
Northeast Pharmaceutical Group Shenyang No.l
Pharmaceutical Co, Ltd, China) once every other day start-
ing after the completion of the behavioral test from day 6 to
day 20 postinoculation. Naloxone hydrochloride dihydrate
(0.3 mg/kg, Sigma-Aldrich, St Louis, MO, USA) was
injected intraperitoneally into the rats in the EA + NAL
group 30 minutes prior to the EA stimulation once every
other day. The rats in the EA + NS group were injected
intraperitoneally with the same volume of sterile normal
saline.

Paw Withdrawal Threshold Measurements

All procedures were performed in quiet conditions by the
same experimenter in a blind manner. The rats were allowed
to acclimate to the test room and the experimental cages for
30 minutes per day for 3 days prior to the experiments.
Mechanical allodynia was evaluated in the rats on the day
before the intra-tibial inoculation with the Walker 256 cancer
cells (Base), on postinoculation day 6 (D6, Before EA), 30
minutes after the completion of the EA treatment on D6
(After EA) and on days 10, 16, and 20 postinoculation (D10,
D16, D20). The pain thresholds from D6 (After EA) to D20
were measured within a half an hour after the completion of
the EA stimulation. The mechanical stimulus (force 0 to 50 g,
slope 20 seconds) was delivered to the central plantar surface
of the left hind paw using a dynamic plantar aesthesiometer
(37450, UGO Basile, Italy). When the animal withdrew its
hind paw, the mechanical stimulus automatically stopped,
and the force at which the animal withdrew its paw was

recorded as the paw withdrawal threshold PWT. The with-
drawal responses were taken from the average of 4 consecu-
tive trials, with at least 3 minutes between the trials. The rats
in which the PWT did not decrease on post-inoculation day 6
(Before EA) were eliminated.

Preparation of Splenic Monocytes

On day 20 postinoculation, the rats from the different groups
were sacrificed by cervical dislocation with chloral hydrate
anesthesia (350 mg/kg, intraperitoneally). All spleens were
aseptically removed from the rats and teased onto a 200-mesh
stainless steel screen immersed in chilled sterile phosphate-
buffered saline. The cell suspensions were collected, and then
3 to 5 volumes of red blood cell lysis buffer were added
(Beyotime Biotechnology, Shanghai, China) to lyse the eryth-
rocytes. After centrifuging at 1000 x g for 10 minutes, the
remaining cells were suspended in RPMI 1640 (Gibco,
Gaithersburg, MD, USA) containing 10% fetal bovine serum,
100 U/mL penicillin G, and 100 pg/mL streptomycin, and the
number of cells was adjusted based on the experimental
design.

Splenic T Lymphocyte Proliferation Assays

Splenic T lymphocyte proliferation was assessed using a
WST-8 assay and a Cell Counting Kit-8 (Beyotime
Biotechnology). Briefly, splenic monocytes were seeded into
96-well plates at 2 x 10° cells/well (in triplicate) in 200 pL of
culture medium with or without 10 pg/mL Con A (Sigma-
Aldrich) and cultured at 37°C for 72 hours. Then, 20 pL of the
WST-8 mixture was added to each well, and the whole plate
was incubated in a CO_ incubator at 37°C for 4 hours. The
optical density (OD) was determined at 450 nm with the refer-
ence wavelength set at 650 nm using a microplate reader
(Spectra Max M4, Molecular Devices, Sunnyvale, CA, USA).
The values for splenic T lymphocyte proliferation were calcu-
lated by (mean OD of Con A—stimulated cells/mean OD of
nonstimulated cells) x 100%.

Flow Cytometry

Flow cytometry analysis was performed using a BD
FACSCalibur flow cytometer (BD Biosciences, Franklin
lakes, NJ, USA) to determine the proportion of different
splenic T cell phenotypes (CD,", CD,"CD,", CD,"CD,").
Briefly, 1 to 5 x 10° cells were incubated at 4°C for 30 min-
utes with a FITC-conjugated anti-rat CD3 monoclonal anti-
body, an APC-conjugated anti-rat CD4 monoclonal
antibody, and a PE-conjugated anti-rat CD8a monoclonal
antibody. Then, the cells were fixed with 1% paraformalde-
hyde, washed, and measured by flow cytometry. FITC anti-
mouse IgG3, APC anti-mouse IgG2a K, and PE anti-mouse
IgG1 K isotypes were used as the controls. All antibodies
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mentioned in this experiment were purchased from eBiosci-
ence company (eBioscience, Inc, San Diego, CA, USA).
The data were analyzed for 5000 events with BD FACSDiva
software version 6.1.3 (BD Biosciences, Franklin Lakes,
NJ, USA).

Enzyme-Linked Immunosorbent Assay for
Plasma IL-2

Plasma for the analysis of interleukin-2 (IL-2) was collected
on day 20 postinoculation. An enzyme-linked immunosor-
bent assay (ELISA) was performed using a Quantikine Rat
IL-2 ELISA kit (R&D Systems Europe, Ltd, Abingdon,
UK) and following the instruction manual. Each sample
was measured in triplicate, and the OD values were mea-
sured at 450 nm using a Spectra Max M4 microplate reader
(Molecular Devices).

Statistical Analysis

All data are expressed as the means + standard error of the
mean (SEM). The PWTs were analyzed using a 2-way anal-
ysis of covariance with repeated measures. To analyze the
other data, the differences between the groups were com-
pared with a 1-way analysis of variance followed by an
least significant difference post hoc analysis. P < .05 was
considered statistically significant.

Results

EA Stimulation Alleviated Mechanical Allodynia
in BCP Rats and Its Analgesic Potency Was Less
Than That of Morphine

PWTs to mechanical stimuli were significantly decreased by
an intratibial inoculation of Walker 256 mammary gland car-
cinoma cells, as shown in Figure 1. Among 5 groups, the basal
PWTs to the mechanical stimuli were not different (P > .05).
However, the PWTs in the rats with implanted cancer cells
were clearly lower than those of the Control group and the
Sham BCP group (P <.01); the PWTs in the BCP group began
to decrease at day 6 and remained low through at least day 20
postinoculation (the endpoint of this study). No significant
changes were observed between the ipsilateral PWTs of the
Control group and the Sham BCP group at any of the observed
time points (P >.05). At D6 (Before EA), the ipsilateral PWTs
of the BCP group, the BCP + EA group and the BCP + Mor
group were significantly lower than those of the Control and
Sham BCP groups (P < .05 or P < .01). After the treatments,
the ipsilateral PWTs of the BCP + EA group were signifi-
cantly higher than those of the BCP group (P <.01), and there
was no difference between the BCP + EA group and the Sham
BCP group or the Control group (P > .05). However, the ipsi-
lateral PWTs of the BCP + Mor group increased dramatically

== Control (n=10)  =—O=—sham BCF (n=9) —@—BCP (n=10)
60 2 —k— BCP+EA (n=13) —le— BCP+Mor (n=10)

collA
50 = %00l

o T T T T T T
Base D6 D6 D10 D16 D20
(Before EA)  (After EA)

Days post-inoculation

Figure 1. Electroacupuncture (EA) stimulation increased the
mechanical pain threshold of rats with bone cancer pain (BCP).
The effect of EA or morphine treatment on the ipsilateral paw
withdrawal threshold (PWT), which represents the mechanical
pain threshold, was measured preinoculation (Base) and on days
6 (Before EA and After EA), 10, 16, and 20 postinoculation.

At D6, EA stimulation or a morphine injection were given
immediately after completing the behavioral measurements. The
ipsilateral PWTs at D6 (After EA) were measured 30 minutes
after EA stimulation. The value at each point represents the
mean + SEM. *P < .05, **P < .0| versus Control; oP < .05,

ooP < .0l versus Sham BCP; 2AP < .0| versus BCP; **P < .01
versus BCP + Mor.

after the morphine injection and were much higher than those
of the other 4 groups at all subsequent time points (P <.01).

EA Stimulation Increased Splenic Concanavalin A
(Con A)—Induced T Cell Proliferation in BCP Rats

Splenic T cell proliferation was analyzed using a WST-8
assay. In the BCP model, there was a decline in splenic T cell
proliferation, but there were no obvious differences between
the BCP group and the Control group or the Sham BCP group
(P > .05 each). Compared with the Sham BCP group, intra-
peritoneal morphine significantly inhibited Con A—induced T
cell proliferation (158.01 £ 10.23 vs 115.73 + 10.44, P <.05).
EA stimulation enhanced the proliferation of splenic T lym-
phocytes by 33.1% compared with the BCP + Mor group
(154.05 + 11.34 vs 115.73 £ 10.44, P < .05) (Figure 2), which
was similar to the Control and Sham BCP groups.

EA Stimulation Increased the Plasma IL-2
Content of BCP Rats

IL-2, which is a T cell growth factor, is secreted by T lympho-
cytes and participates in the initiation and maintenance of T
cell activation. Compared with the Control group, the plasma
IL-2 concentrations of the BCP and BCP + Mor groups were
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Figure 2. Electroacupuncture (EA) stimulation enhanced
splenic concanavalin A (Con A)—induced T cell proliferation

in rats with bone cancer pain (BCP). Splenic monocytes from
each of the 5 different groups were cultivated on day 20
postinoculation, stimulated with 10 pg/mL Con A and compared
with nonstimulated cells. The values are shown as the mean

* SEM of triplicate wells. oP < .05 versus Sham BCP; *P < .05
versus BCP + Mor.
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Figure 3. Electroacupuncture (EA) stimulation increased the
plasma interleukin-2 (IL-2) content of rats with bone cancer pain
(BCP). Plasma from each of the 5 different groups was collected
on day 20 postinoculation, and the plasma IL-2 content was
measured using ELISA. The values are shown as the mean + SEM
of duplicate wells. *P < .05, **P < .0l versus Control; 24P < .0l
versus BCP; **P < .01 versus BCP + Mor.

significantly lower (452.50 £32.97 vs 368.64 + 13.24, P<.01
and 380.09 + 5.80, P < .05, respectively). Moreover, there
were no significant differences between the plasma IL-2 con-
tent of the BCP + EA group and the Control and Sham BCP
groups (P > .05). However, the plasma IL-2 content of the
BCP + EA group was higher than those of the BCP and BCP
+ Mor groups (468.31 £ 17.50 vs 368.64 £+ 13.24 and 380.09
+ 5.80, respectively, P <.01) (Figure 3).

EA Stimulation Increased the Percentages
of Splenic T Cell Subsets in BCP Rats, but
Morphine Decreased It

To verify the effect of EA stimulation on peripheral T lym-
phocytes, the percentages of CD ;, CD ;CD 4+ and
CD;CDS+ T cells in the spleen mononuclear cells were
analyzed using flow cytometry. As shown in Figure 4, no
significant difference in the percentage of splenic lympho-
cytes and their subsets was found between the Control and
Sham BCP groups (P > .05). The percentage of splenic
CD,’CD." T cell subsets was clearly lower in the BCP
group compared with the Control groups (9.24 + 0.81 vs
11.65 + 0.61, P < .05). Intraperitoneal morphine signifi-
cantly reduced the percentage of the CD;CD4+ T cell sub-
set compared with the Control and Sham BCP groups
(11.96 + 0.77 vs 15.29 + 0.62 and 15.56 + 1.54, respec-
tively, both P < .05). Moreover, the percentage of the
splenic CD;CDX+ T cell subset in the BCP + Mor group
was lower than that of the Control group (8.83 £ 0.49 vs
11.65 £ 0.61, P <.01). After EA stimulation, the percent-
age of the splenic CD,"CD" T cell subset was greater than
those of both the BCP group and the BCP + Mor group
(10.91 £ 0.50 vs 9.24 + 0.81 and 8.83 + 0.49, respectively,
P < .05 each). EA stimulation also increased the percent-
age of the CD,"CD4" T cell subset compared with that of
the BCP + Mor group (15.75 £ 0.66 vs 11.96 £+ 0.77,
P <.01). Although the same tendency in the percentage of
the CD3+ T cell subset was observed among the groups,
neither the CD; T cell percentages nor the CD 4+/CD 8+
ratio showed a significant difference (P > .05).

Both the Analgesic Effect and the Partial
Immunoenhancement of EA Were Suppressed
by an Intraperitoneal Naloxone Injection

Although it is widely known that the opioid receptor is
involved in the analgesic effect of EA, it is not known how
the receptor contributes to the immune enhancement of
EA. To elucidate this, the opioid receptor antagonist nal-
oxone was delivered systematically before each EA treat-
ment, and then the cellular immunity function was
measured. Figure 5A illustrates that the PWTs of the EA +
NAL group decreased significantly compared with those
of the EA + NS group (P < .01). Furthermore, there was a
significant decline in splenic Con A—induced T cell prolif-
eration and plasma IL-2 content in the EA + NAL group
(160.20 + 12.45 vs 115.23 + 4.08, P < .01 and 470.02 +
16.94 vs 410.33 +£10.86, P < .05, Figure 5B and C).
However, the percentage of the splenic T cell subsets and
CDJ/CDg+ did not differ between the 2 groups (P > .05,
Figure 5D and E).
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Figure 4. Electroacupuncture (EA) stimulation increased the percentages of the splenic CD4+ and CDa+ T cell subsets. On day 20
postinoculation, the spleens from the rats in each of the 5 groups were collected, and the spleen mononuclear cells were prepared.
(A-D) The histograms show the differences in the percentages of the CD," (A), CD,"CD," (B), CD,"CD," T cells (C), and CD,"/CD’
cells (D) in the splenic monocytes in the 5 groups. The values are shown as the mean * SEM of duplicate wells. *P < .05, **P < .0
versus Control; oP < .05 versus Sham BCP; AP < .05 versus BCP; *P < .05, **P < .0l versus BCP + Mor. (E) Representative quadrant
dot-plots of the splenic T cell subsets are shown.
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Figure 5. Intraperitoneal injection of naloxone reversed the analgesia of electroacupuncture (EA) and partially antagonized its
immunoenhancement. Naloxone (NAL, 0.3 mg/kg) or a sterile normal saline (NS) solution was injected intraperitoneally 30 minutes
prior to EA stimulation. Both the drug injection and the EA stimulation were given once every other day. (A) The analgesia of EA

was reversed by an intraperitoneal injection of NAL. (B, C) An intraperitoneal injection of NAL significantly reduced splenic Con
A—induced T lymphocyte proliferation and plasma IL-2 content, which were measured using a VWST-8 assay and an ELISA, respectively.
(D) The percentages of CD,", CD,"CD,", CD,"CD," T cell subsets, and CD,"/ CD," in the splenocytes were not obviously changed
after the naloxone treatment. (E) Representative quadrant dot-plots of splenic T cell subsets in the EA + NS and EA + NAL groups
are shown. All data are shown as the mean + SEM. #P < .05, P < .01 versus EA + NS.

Discussion

EA has been used worldwide as a complementary and alter-
native method for treating chronic pain. In recent years,
research has increasingly focused on the analgesic effect of
EA on cancer pain. Because of a lack of sufficient clinical
evidence, it is still unclear whether acupuncture is effective
for treating cancer pain in adults.”® Contrary to the result of
clinical study, a few evidences show that EA alleviates
hyperalgesia and allodynia in animal models of cancer pain,
which was induced by an intratibial injection of Walker 256
mammary gland carcinoma cells® or AT-3.1 prostate cancer

cells'>' and by an intraplantar injection of B16-BL6 mela-

noma cells."* However, the analgesic potency of EA on
bone cancer pain has not been exactly evaluated. One of the
main aims of this study was to evaluate that of EA on BCP
using morphine as a control. In the present study, the bone
cancer pain model was established by implanting Walker
256 mammary carcinoma cells into the cavity of the tibia,
which had been reported to be one of the most frequently
used models of bone cancer pain.”’ Consistent with a previ-
ous report,”® the results in this study showed that an intra-
tibial injection of Walker 256 mammary carcinoma cells
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obviously decreased PWTs from day 6 until day 20 postin-
oculation. The present study also demonstrated that either
EA stimulation or a morphine injection significantly
increased the pain thresholds of tumor-bearing rats. This is
supported by reports of Zhang et al'>'® that EA attenuated
the hyperalgesia induced by an intratibial injection of
AT-3.1 prostate cancer cells. We further compared the dif-
ference in the analgesic effect between EA and strong opi-
oid analgesics using morphine. The data from this study
demonstrated that morphine has a strong analgesic effect
and that EA has a comparatively weaker analgesic potency.
Moreover, our previous study had focused on the relation-
ship between the analgesic effect and EA’s parameters, and
revealed that EA’s analgesic potency on bone cancer pain
might not related to the current frequency (2 Hz, 100 Hz or
2/100 Hz) or to the treatment frequency (once a day or once
every other day).” Han has reported that 2 Hz EA acceler-
ates the release of enkephalin, f-endorphin and endomor-
phin, while 100 Hz EA selectively increases the release of
dynorphin. A combination of the two frequencies produces
a simultaneous release of all four opioid peptides, resulting
in a maximal therapeutic effect.’ Because of these reasons,
in this study, we choose a 2 Hz and 100 Hz alternative EA
stimulation that was performed once every other day.

In addition to its analgesic properties, morphine is
known to have immunosuppressive effects, which increases
the risk of opportunistic infections.*® In the present study,
the immunosuppressive effect of morphine has also
observed. Our data showed that morphine inhibited Con
A—induced T cell proliferation and reduced plasma IL-2
levels in BCP rats, especially compared with the Control or
Sham BCP rats. Moreover, morphine treatment reduced the
percentages of the T lymphocyte subpopulations in the
spleen. These results were similar to previous reports that
demonstrated that morphine significantly decreased the
production of IL-2,>'* impaired mitogen-stimulated lym-
phocyte proliferation**® and induced the depletion of
CD4+ and CDS+ T cells in the spleen.** It had been further
reported that morphine depleted all the major peripheral T
cell subsets to the same extent, including the naive, central
memory, and effector memory subsets.’* Besides this, we
also observed that some cellular immune functions, such as
the IL-2 content and the percentage of CD;CDR+ T cells,
are also slightly suppressed by modeling bone cancer pain.
A previous study reported that pain had an immunosup-
pressive effect,’ and surgery was widely known to cause
immune suppression.*® Although morphine-induced immu-
nosuppression had been illustrated by many previous in
vivo and in vitro experiments,**'>* no significant differ-
ence in immune function was found between the BCP
group and the BCP + Mor group in the present study. This
paradox may result from different therapeutic frequency
and diverse administration of morphine. Morphine was
injected intraperitoneally once every other day in this

study; however, previous data showed subcutaneous injec-
tion of morphine for 7 consecutive days led to morphine-
induced immunosuppression.*

EA is generally known for its immunomodulatory effects
aside from its analgesic effect.’” Cabioglu and Cetin®’ sum-
marized the immunomodulatory effects of EA into 3 catego-
ries: local, neuronal, and neurohumoral immunomodulation.
Moreover, immune molecules and immune cells are the
main components participate in the neurohumoral immuno-
modulation of EA.*” Previous evidence demonstrated that
EA increased the induction of IL-2 production of spleen
lymphocytes from injured trauma rats and could improve
trauma stress—induced immunosuppression.”® Lai et al®
reported that EA at Zusanli (ST36), Hegu (LI4), and
Sanyinjiao (SP6) significantly increased the content of CD *
and CD4+/CD8+ in liver cancer, gastric cancer, and the hypo-
dermic tumor rat model with implantation of the Walker 256
cell strain. Gao et al*’ reported that the CD;/CDx+ T cell
ratio as well as plasma IL-2, IL-1p, interferon-y concentra-
tions were markedly downregulated due to chronic constric-
tion injury—induced pathogenic pain and returned to normal
level 12 days following EA. In the current study, EA
enhanced plasma IL-2 content and the percentage of
CD,’CD," T cells which were decreased by BCP model.
Furthermore, compared with morphine, EA stimulation
enhanced Con A—induced T cell proliferation and resulted in
higher CD3+CD4+ and CD;CDg+ T cell populations in the
spleen on day 20 postinoculation (equivalent to day 14 fol-
lowing EA). However, there was no significant increase in
the percentage of CD," T cells or in the CD,"/CD_" ratio
between EA stimulation and morphine injection. This dis-
crepancy may result from not only different pathological
status of the pain but also different observed timepoints.

The issue of the neurohumoral mechanism of EA on
immune function is still obscure and complicated. It was
reported that EA regulated the balance between Thl and Th2
cytokines in splenic T cells in part through the ERK1/2, p38,
NF-«B, and AP-1 pathways.*® Since endogenous opioid recep-
tors had been found on immune cells, such as B lymphocytes,
T lymphocytes, natural killer cells, granulocytes, and mono-
cytes, it was regarded that the immunomodulatory effect of
acupuncture or EA might be related with the opioid system.”’
Accumulating evidence showed that EA increases the release
of central and peripheral opioid peptides and also enhances the
activity and expression of their receptor, which contribute pri-
marily to EA analgesia."”*'** However, it was still not known
whether EA modulated the immune system of bone cancer
pain in rats via the opioid system. To clarify this relationship,
we intervened with the opioid receptor using the antagonist
naloxone to test its effect on the analgesia and immunomodu-
lation of EA. Our data demonstrated that an intraperitoneal
injection of naloxone (0.3 mg/kg) not only significantly
reversed the analgesia of EA but also reduced the Con
A-—induced T cell proliferation and plasma IL-2 levels that had
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been enhanced by EA. Nevertheless, naloxone did not signifi-
cantly change the percentages of the T cell subgroups, such as
the CD,", CD,"CD,", and CD,"CD," T cell populations. These
results suggested that the mechanism of immunomodulation
by EA may in part involve the opioid system. We speculate that
the differential effects of morphine and EA on cellular immu-
nity may result from different sources of opioid peptides. The
opioid peptide released by EA stimulation is homogenous, but
the plant-extracted morphine is heterogenous. In pervious
experiment, we had observed a similar phenomenon between
recombinant rat B-endorphin (50 pg/kg, intraperitoneally) and
morphine (10 mg/kg, intraperitoneally).*' Transplantation of in
vitro—differentiated B-endorphin cells into the paraventricular
nucleus improved natural killer cell cytolytic function in
immune-deficient fetal alcohol-exposed rats.*” A review also
reported that enhancement of endogenous levels of B-endorphin
results in increased peripheral natural killer cell and macro-
phage activities, elevated levels of anti-inflammatory cyto-
kines, and reduced levels of inflammatory cytokines.*

To summarize, the findings of this study demonstrated
that mechanical allodynia of BCP rats were alleviated by
both electroacupuncture and systematic morphine treatment,
and the latter has a greater analgesic potency. However, EA
increased Con A—induced T lymphocyte proliferation and
plasma IL-2 levels as well as the percentages of CD,"CD,"
and CD;CD; T cells in splenic monocytes which were sup-
pressed by morphine or BCP surgery. This study also found
that both the analgesic effect and the enhanced T lympho-
cyte function of EA were reversed by an intraperitoneal
injection of naloxone, rather than T cell differentiation.
These findings provided preliminary evidence that EA has
dual effects of analgesia and immunomodulation in treating
bone cancer pain. In addition, the peripheral opioid system
may contribute not only to the analgesic effect of EA but
also to its partial immunomodulatory effect. Nevertheless,
several uncertainties should be investigated in the future; for
instance, whether EA exerts its immunomodulatory effect by
upregulating the expression of opioid receptors located on
immune cells or by increasing the release of opioid peptide,
how EA can modulate the percentage of splenic T cells and
the different roles of opioid peptide played in EA’s analgesia
and immunomodulation. Thus, further studies should be car-
ried out to explore the underlying mechanism of EA’s immu-
nomodulation in the future.

Conclusions

EA could significantly alleviated BCP-induced mechanical
allodynia. Although the analgesic effect of EA was weaker
than that of morphine, EA had a significant immunomodu-
lation effect on cellular immunity. Both analgesic and
immunomodulatory effect of EA might share the same
mechanism via the opioid-mediated pathway, which need to
be further investigated.
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