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Hormone replacement remains one of the common therapies for menopause-related
pain but is associated with risk of orofacial or back pain. Spinal endomorphin-2 (EM-2) is
involved in varied pain and its release is steroid-dependent, but whether increasing spinal
EM-2 can inhibit thermal hyperalgesia and inflammatory pain in ovariectomized (OVX)
female rats, an animal model mimicking menopause, is not clear, nor is the potential
involvement of spinal mu-opioid receptor (MOR). In the current study, we revealed
that the temporal decrease of spinal EM-2 is accompanied with OVX-induced thermal
hyperalgesia that was dose-dependently attenuated by intrathecal (IT) delivery of EM-
2. The subcutaneous injection of formalin-induced inflammatory pain in OVX rats was
exacerbated and IT delivery of EM-2 dose-dependently inhibited the inflammatory pain.
However, the ED50 for IT delivery of EM-2 on thermal hyperalgesia is smaller than that
on inflammatory pain in OVX rats, suggesting different contributions of the EM-2 system
to these 2 pain modalities in OVX rats. IT pretreatment with MOR antagonist, beta-
funaltrexamine (B-FNA), attenuated IT EM-2 analgesia on both thermal hyperalgesia
and inflammatory pain in OVX rats. Furthermore, IT delivery of EM-2 did not affect the
animals’ locomotion or anxiety status. Our findings suggested that IT EM-2 might be a
safer analgesia strategy than hormone replacement therapy in reducing risk of orofacial
or back pain. However, a long-lasting form of EM-2 with less tolerance is needed to
induce sustained analgesia.
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studies suggest that sex hormones (especially

estrogen) are important determinants for
sensitivity and response to pain. As one extremity of
sex hormone decrease, menopause is suggested to be
closely related with pain in women (6,7). By using a
multiple logistic regression model that included age, a
previous survey revealed that postmenopausal women
were approximately twice as likely to report low back
pain compared to premenopausal women, suggesting
that menopause but not age is associated with low

remains a clinical challenge because the feature
of menopause pain varied very much (7) and the
underlying mechanisms are far from being revealed.
To reveal the underlying mechanisms and develop
efficient therapy for menopause pain, the ovariecto-
mized (OVX) female rat model was commonly used
to evaluate hormonal effects on pain and analgesia
(9,10). However, the relationship between estrogen
and hyperalgesia or exaggerated inflammatory pain
is far from being revealed. OVX have been suggested
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to induce both a decrease (11,12), and an increase (13)
of thermal pain threshold revealed by tail flick latency
(TFL) or paw withdrawal latency (PWL) to the nocicep-
tive thermal stimuli. On the other hand, the potential
exaggerating effect of OVX on inflammatory pain has
not been elucidated. Previous studies reported that
OVX has no effect on phase | and Il inflammatory pain
responses induced by 2% formalin (14), increases the
phase | pain responses induced by 5% formalin (15),
or significantly increases both phase pain responses
induced by 10% formalin injection in rats (13,16).

Hormone replacement is one of the common thera-
pies for menopause pain, however, it is closely associ-
ated with the risk of orofacial (17,18) or back pain (19).
Thus, it is necessary to manipulate important molecules
downstream to the sex hormone so as to reach satisfying
analgesia with fewer side effects in menopausal women.

Endomorphin2 (EM-2) is released in an ovarian
sex steroid-dependent way and predominant in the
spinal dorsal horn where the pain information is first
integrated (20). However, there still lacks experimen-
tal evidence on the potential effect of EM-2 on the
hyperalgesia or the exacerbated inflammatory pain in
OVX animals. We hypothesized that intrathecal (IT) ad-
ministration of EM-2 can dose dependently inhibit the
OVX-induced hyperalgesia as well as the exacerbated
inflammatory pain in the OVX rats and designed the
current experiments to test this hypothesis.

We first observed the temporal expression of spinal
EM-2 in OVX rats. The effect of IT administered EM-2 on
the thermal hyperalgesia and the biphasic inflamma-
tory pain responses induced by subcutaneous injection
of formalin in the OVX rats were evaluated. Further-
more, IT pretreatment with mu-opioid receptor (MOR)
antagonist beta-funaltrexamine (B-FNA) was carried
out to elucidate the possible involvement of MOR in
EM-2 analgesia.

METHODS

Animals and Surgery

Female Sprague-Dawley rats weighing 180 — 200 g
were used. Animals were individually housed in breed-
ing cages with free access to food and water, in a tem-
perature (22 + 1°C) and humidity (55 + 10%) controlled
room with a light-dark cycle (lights on at 07:00, off at
19:00).

OVX operation: OVX was carried out according to
a previous report (21). Briefly, under deep anesthesia
with sodium pentobarbital (40 mg/kg, i.p.), both flanks

of a rat were shaved and swabbed. The skin was opened
with a 5 mm incision along the midline just below
the ribs, and a 10 mm incision was made through the
muscle at -1.5 — 2 ¢cm lateral to the midline. The ovary
was pulled through the incision. The tissue between the
oviduct and uterus was clamped with a hemostat and a
ligature was placed just below the hemostat. The ovary
was removed with scissors and the hemostats released.
This procedure was repeated on the contralateral side.
The muscle layer was suture-closed and the skin incision
closed with 9 mm wound clips. In the sham-operated
rats, the ovaries were exposed but not removed. All ef-
forts were made to minimize animals’ suffering and to
reduce the number of animals used. All experimental
procedures were reviewed and approved by the Animal
Use and Care Committee for Research and Education
of the Fourth Military Medical University (Xi'an, P. R.
China).

IT catheterization: OVX animals were given a
2-week recovery prior to IT catheterization. The IT cath-
eterization was performed as in our previous report
(22). Briefly, under pentobarbital anesthesia (45 mg/kg,
i.p.), a midline incision (3 cm) was made at the level of
the thoracic vertebrae from the back of the rat. A guide
cannula (20 gauge, 0.9 mm x 38 mm) was inserted into
the IT space between the L5 and L6 vertebrae through
the back skin incision. PE-10 tubing was inserted
through the guide cannula. The catheter was tied in a
loose knot and sutured on the back under the skin. The
external end of the tube was passed subcutaneously and
secured to the back of the neck. Rats were allowed to
recover for 3 to 5 days before behavioral testing. Only
the animals that demonstrated no paralysis, normal
walking, and complete paralysis of the tail and bilateral
hind legs after IT administration of 2% lidocaine (10 pl)
were used for the following experiments.

OVX and IT catheterized animals were randomly
selected to inspect complete removal of gonads at the
end of the experiments.

Determining the Stage of Estrous Cycle

The estrus cycle stage was determined using histol-
ogy of vaginal smears. A predominance of small leu-
kocytes indicates diestrous; while a predominance of
large round nucleated cells indicates proestrous stage.
During proestrus, when circulating estrogens are high,
spinal EM-2 antinociception is robust and comparable
in magnitude to that manifested by males according
to a previous study (23), thus the proestrus female rats
were selected as control in the current study.
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Drug Administration

According to our pilot experiment, the significant
thermal hyperalgeia was stabilized after 2 weeks of
OVX and the expression of spinal EM-2 significantly
reduced at 4 weeks after OVX, thus, all the behavioral
observation was performed at 4 weeks after OVX. EM-2
and beta-funaltrexamine (B-FNA) were purchased from
Sigma (Sigma-Aldrich, St. Louis, MO). The drugs were
dissolved in vehicle (normal saline) to a total volume of
10 pl and were IT injected over 30 seconds, followed
by a flush with 10 pl of vehicle. At 4 weeks after OVX
operation, IT EM-2 (at doses of 2.5, 10, 25, or 50 yg in 10
pl saline) or B-FNA (500 ng, delivered at 25 minutes prior
to EM-2) was delivered. The doses of EM-2 and B-FNA
used in the current study were based on previous stud-
ies in that these doses produced maximal behavioral
effects without causing behavioral toxicity (23-25).

Behavioral Observations

The OVX rats demonstrated both thermal hyperal-
gesia and tactile allodynia (unpublished data). We did
not evaluate the effect of EM-2 on tactile allodynia in
the current project because it takes time to measure
thermal hyperalgesia and tactile allodynia and we
could not measure both during the short time window
(15 minutes). Thus, we assessed thermal hyperalgesia by
measuring the PWL to nociceptive thermal stimuli.

PWL to nociceptive thermal stimuli

Thermal hyperalgesia was tested using a method
that was modified from Hargreaves et al (26) and used
in our previous study (27). The rats were habituated to
an environment containing individual Perspex boxes
on an elevated glass table with a portable radiant heat
source under the table. The heat source was focused on
the intra-plantar surface during testing. The PWL was
defined as the time to withdraw the hind paw from the
heat source, and 40 seconds was regarded as the cut-off
point to avoid tissue damage.

Formalin test

The formalin test was performed according to one
of our previous studies (28). After the rat’s acclima-
tion to the testing chamber for about 20 minutes, 50
pl of the 5% formalin solution (dissolved in saline) was
subcutaneously (SC) injected into the plantar surface of
the left hind paw using a microsyringe (Hamilton Co.
NV, USA) attached to a 30-G needle. After formalin ad-
ministration, the rats were returned to the observing
cage and the video recordings were performed for 60

minutes, as described below.

A sound-attenuated clear Perspex testing cage
(40 x 40 x 60 cm) was equipped with a reverse video
camera to record video for offline analysis. A trained
observer conducted the behavioral analysis of the
video recordings to determine the pain responses in-
duced by formalin. The observer was trained to provide
a similar rating performance (at the 95% confidence
limit) during the tests of different animals. The pain
behaviors were manually recorded with a stopwatch
by retrieving spontaneous flinching of the injected
hindpaw from the recorded videos as an indicator of
spontaneous pain responses (29).

Elevated plus maze (EPM) test

EPM test was done according to our previous reports
(30-32). Briefly, animals were placed in an EPM made of
black Plexiglas consisting of 2 opposite-facing open arms
(OA, 50 x 10 cm), two opposite-facing closed arms (CA, 50
x 10 x 40 cm), and a central area (10 x 10 cm). The walls of
the closed arm were made of black Plexiglas. The EPM was
mounted on a base and elevated 50 cm above the floor.
Rats were placed in the central area facing one open arm.
Then, a 5-minute test session was started. The numbers
of rats entering/climbing onto the open arms and closed
arms were recorded by a video recorder, and later scored
by 2 investigators blinded to the experiment. In addition,
the amount of time the rats spent on each arm was re-
corded. An entry was defined as placing 4 paws onto the
arm. The EPM relies on the animal’s natural fear of open
spaces, and the percent of time spent in OA (OA time %)
and percent of OA entries (OA entries %) are believed
to be measurements of general anxiety level. OA time %
was calculated by dividing the time spent in the OA by
the sum of the time spent in the open and closed arms.
OA entries % was calculated by dividing the number of
OA entries by the sum of the entries into both open and
closed arms (Shanghai Mobiledatum Information Tech-
nology Co., Ltd, Shanghai China).

Open field (OF) test

OF test was done according to our previous re-
ports (30-32). Rats were placed at the center of a cubic
chamber (100 x 50 x 100 cm). The total distance that
the animal traveled in 15 minutes was measured by an
automated analyzing system (Shanghai Mobile Datum
Information Technology Co., Ltd). This distance was
used as a parameter for the rat’s locomotion and the
percentage of time spent in the center area (center
time percentage) was used to evaluate anxiety levels.
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All animals were habituated to the testing room for 20
minutes before the session started.

All behavioral tests were performed during 0800
- 1200, in a low illuminated sound-proof room based
on a double-blind manner to reduce the possible bias
introduced by fluctuation of hormonal levels, light ef-
fects, or observer.

Dose-effect curve and ED50 calculation

The dosages of IT EM-2 were transformed into loga-
rithm dose and the non-line fit was performed so as to
construct the dose-effect curve. Based on the dose-effect
cure, the ED50s of IT EM-2 on analgesia were calculated.
The reliability of ED50 calculated from a specific dose-ef-
fect curve can be evaluated by the slope factor returned
by the GraphPad Prism version 5.01 for Windows (San
Diego California USA, www.graphpad.com).

Immunohistochemistry

At 0, 4, and 8 weeks after OVX or sham operation,
rats were anesthetized with an overdose of sodium
pentobarbital and were perfused through the ascend-
ing aorta with 100 mL of normal saline, followed by
500 mL of 4% (w/v) paraformaldehyde in 0.1 M phos-
phate buffer (PB, pH 7.4). The L4-L5 spinal segments
were immediately removed and placed into the same
fixative for 2 — 4 hours (4°C), and then cryoprotected in
0.1 M PB (pH 7.4) containing 30% (w/v) sucrose for 24
hours at 4°C. Thirty-um-thick transverse spinal sections
were serially cut on a frozen microtome (Kryostat 1720;
Leitz, Mannheim, Germany). All sections were serially
collected into 6 dishes containing 0.01 M phosphate-
buffered saline (PBS, pH 7.4). Each dish contained a set
of serial sections that were processed for subsequent
immunohistochemical staining.

The procedures for immunohistochemical staining
of EM-2-immunoreactive (IR) structures were described
in our previous reports (33-36). The sections in the first
dish were mounted onto gelatin-coated glass slides and
processed for Nissl staining. The sections in the second
dish were incubated with rabbit antiserum against
EM-2 (1:200; Chemicon, Temecula, CA, USA) in 0.01 M
PBS containing 5% (v/v) normal donkey serum (NDS),
0.3% (v/v) Triton X-100, 0.05% (w/v) NaN3, and 0.25%
(w/v) carrageenan (PBS-NDS, pH 7.4) at 4 °C. Forty-
eight hours later, all sections of the second dish were
incubated with biotinylated goat anti-rabbit IgG (1:200;
Vector, Burlingame, CA, USA) diluted in PBS-NDS for an-
other 4 hours, and then with avidin-biotin—peroxidase
complex (ABC) Elite Kit (1:100; Vector) in 0.01 M PBS

(pH 7.4) for one hour. Between each step, the sections
were completely washed with 0.01 M PBS. Finally, the
sections were reacted with 0.05 M Tris-HCI buffer (pH
7.6) containing 0.04% diaminobenzidine tetrahydro-
chloride (DAB) (Dojin, Kumamoto, Japan) and 0.003%
H202 to visualize EM-2-IR structures.

Experimental Design

Experiment 1 was designed to investigate the
temporal alteration of spinal EM-2 after OVX. Eighteen
female rats were randomly divided into 2 groups to
receive OVX or sham operation, respectively. At 0 day,
4 weeks, or 8 weeks after operation, rats (3 for each
time-point) were sacrificed for the semi-quantification
of spinal EM-2 with immunohistochemistry.

Experiment 2 was designed to investigate the dose
dependent analgesia of IT EM-2 on thermal hyperalge-
sia of OVX rats and the possible involvement of spinal
MORs. Female rats at 4 weeks after OVX or sham opera-
tion were randomly divided into 6 groups: (1) OVX +
Veh: OVX rats receiving IT Veh administration; (2) OVX
+ EM-2 2.5 pg: OVX rats receiving IT administration of
2.5 pg of EM-2; (3) OVX + EM-2 10 pg: OVX rats receiv-
ing IT administration of 10 ug of EM-2; (4) OVX + EM-2
25 pg: OVX rats receiving IT administration of 25 ug of
EM-2; (5) OVX + EM-2 50 pg: OVX rats receiving IT ad-
ministration of 50 ug of EM-2; (6) OVX +B-FNA + EM-2
50 pg: OVX rats receiving IT administration of 50 pg of
EM-2, at 25 minutes prior to EM-2 administration, 500
ng of B-FNA was IT delivered. Six rats were assigned to
each group.

Experiment 3 was designed to investigate the dose
dependent analgesia of IT EM-2 on exacerbated inflam-
matory pain in OVX rats and the possible involvement
of spinal MORs. SC injection with 50 pl of 5% formalin
was performed right after IT delivery of EM-2. Female
rats at 4 weeks after OVX or sham operation were di-
vided into 7 groups: (1) Pro + Veh: proestrus female re-
ceiving IT Veh administration; (2) OVX + Veh: OVX rats
receiving IT Veh administration; (3) OVX + EM-2 2.5 pg:
OVX rats receiving IT administration of 2.5 ug of EM-2;
(4) OVX + EM-2 10pg: OVX rats receiving IT adminis-
tration of 10 pg of EM-2; (5) OVX + EM-2 25 pg: OVX
rats receiving IT administration of 25 pg of EM-2; (6)
OVX + EM-2 50 pg: OVX rats receiving IT administration
of 50 pg of EM-2; (7) OVX +B-FNA + EM-2 50 pg: OVX
rats receiving IT administration of 50 yg of EM-2, at 25
minutes prior to EM-2 administration, 500 ng of B-FNA
was IT delivered. Six rats were assigned to each group.

Experiment 4 was designed to investigate the po-
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tential influence of IT delivered EM-2 on the rats’ loco-
motion and anxiety levels. Proestrus rats and OVX rats at
4 weeks after OVX were divided into 3 groups: (1) Pro +
Veh: proestrus female receiving IT Veh administration;
(1) OVX + Veh: OVX rats receiving IT Veh administration;
(3) OVX + EM-2: OVX rats receiving IT administration of
50 pg of EM-2. All rats were naive to pain response tests
and were used for OF and EPM tests sequentially.

Statistical Analysis

The results were expressed as mean + standard error
of the mean (SEM). Thermal hyperalgesia data obtained
during 2 hours recording of PWLs were pooled together
for statistical analysis, and in the formalin test, data from
the first or second phase were considered independently.
The semi-quantified data of spinal EM-2 expression at
each time point were compared using 2-tail paired stu-
dent t-test. The AUGs of individual animals for thermal
hyperalgesia, formalin pain response curves, as well as
the data sets for OF or EPM tests were group pooled and
one-way ANOVA with Bonferroni’s multiple comparison
tests were performed using GraphPad Prism version 5.01
for Windows (Graph Pad Software, San Diego California
USA, www.graphpad.com).

REsuLTs

Temporal Alterations of Spinal EM-2 Levels
after OVX

To test our hypothesis that EM-2 is involved in the
OVX-induced pain responses, we first tried to investi-

gate the temporal expressions of spinal EM-2 at differ-
ent time points in OVX and sham treated rats (Fig. 1).
The spinal EM-2 expression was restricted to the super-
ficial laminae and located mainly within terminals. OVX
operation obviously decreased the spinal EM-2 levels,
which reached the stable level until 4 weeks after OVX
(Fig. 1A, B, and C). These temporal alterations could not
be found in the sham operated rats (Fig. 1A, B’, and
C'). Semi-quantified analysis on these graphs revealed
that the expression of EM-2 significantly decreased at
4 (P < 0.01, vs sham) and 8 (P < 0.01, vs sham) weeks
after OVX. These data suggested that the decrease of
spinal EM-2 might be one underlying pathophysiologi-
cal mechanism for OVX-induced pain, thus, increasing
the spinal EM-2 might be used as an analgesic strategy.

Effect of IT EM-2 on Thermal Pain Revealed
with PWLs

Before OVX operation, the basal PWLs from 6
groups were similar (about 21 seconds) and the PWLs at
4 weeks after OVX were significantly decreased (about
10 seconds), suggesting the successful establishment of
a OVX model. The IT delivery of EM-2 dose dependently
increased the PWLs right after the EM-2 delivery and
lasted for about 30 minutes (Fig. 2A). One-way ANOVA
analysis of AUC for the temporal alterations of PWLs
revealed significant group difference [Fig. 2B, between
group factor: treatment, F(5,35) = 18.97, P < 0.0001].
Bonferroni’s multiple comparison test revealed signifi-
cant difference between 10 (t = 3.286, P < 0.05), 25 (t =
5.347, P<0.01), or 50 (t=6.653, P< 0.01) ug EM-2 treat-

A _ B
£ g o
P 7
N e B S
¢ Vil
: # &
2 _
54 :
r
Do aw

c [ SHAM (n=3)
T |movxin=3)
(=1
£ 100-
=
2
(77
§ P
c e g o
S € y
! i
. o
o
- 75 ]
; 50um 0
awW oL, 0d 4w Bw

Fig. 1. OVX decreased spinal expression of EEM-2. The representative photographs of spinal dorsal horns (SDHs) from rats
recetving OVX (A,B,C) or SHAM (A’, B’, C’) operations at 0 (A, A’), 4 (B, B’) or 8 (C, C’) weeks. The semi-quantitative
analyses of the EM-2 expression were presented in the histograph. **, P < 0.01 vs SHAM, n = 3 for each group at every time-point.
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Fig. 2. IT EM-2 dose-dependently inhibited OVX induced thermal hyperalgesia, which was reversed by IT pretreatment

with EM-2 antagonist B-FNA. Paw withdrawal latency (PWL) to nociceptive thermal stimuli pre-OVX, at IT EM-2
administration and later on were measured at 15-minute intervals until 120 minutes after 1T injection (A). The AUCs for
different groups were calculated to perform statistical analysis on OV X-induced thermal hyperalgesia (B). The dose-effect (C)
or log (dose)-effect (D) curves for the analgesic effects of 1T EM-2 were shown to calculate the ED50 of analgesia effect of
EM-2 on the OVX induced thermal hyperalgesia. Data were presented as mean + SD from 6 rats in each group. *, P < 0.05, **

P <0.01,vs OVX + Veh; ## P < 0.01, vs OVX + EM-2 50 pg.

ed groups and Veh groups. There was no difference
between 2.5 pg EM-2 treated groups and Veh groups
(t = 0.5851, P> 0.05). The effect of IT EM-2 on thermal
pain was calculated based on the log (dose) vs response
curve (Fig. 2D) from the dose vs response curve (Fig. 2C).
The ED50 of IT EM-2 on thermal hyperalgesia was 7.756
pg. Furthermore, pretreatment with selective MOR
antagonist B-FNA completely abolished the analgesia
effect of IT EM-2 at 50 pg, suggesting the involvement
of spinal MOR in IT EM-2 mediated analgesia.

Effect of IT EM-2 on the Inflammatory Pain
Induced by SC Injection of Formalin

The SC injection of 5% formalin into the hindpaw
produced biphasic pain behaviors as spontaneous

flinching of the injected paw: The first transient phase
lasted for the first 10 minutes post injection and was
followed by the second prolonged phase. There was
no difference in the phase of formalin-induced pain
behaviors between groups of proestrous and OVX rats
(Fig. 3A). The transient phase pain responses were not
different between Pro + Veh and OVX + Veh groups
(Fig. 3B, t = 1.743, P > 0.05), but the prolonged phase
pain responses were significantly higher in the OVX +
Veh group (Fig. 3B’, t = 9.998, P < 0.01, vs Pre + Veh
group). These data suggested that OVX exacerbate
inflammatory pain in mammals.

The IT delivery of EM-2 dose dependently attenu-
ated the formalin-induced inflammatory pain (Fig. 3A).
One-way ANOVA analysis of AUC for transient phase
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distance traveled and center time % in OF (A), OA entries % and OA time % in EPM (B) were used to detect the locomotion,
anxiety/depression, respectively. Data were presented as mean = SD from 6 rats in each group. * P < 0.05, vs Pro + Veh.

pain responses revealed no significant group difference
[Fig. 3B, between group factor: treatment, F(6,41) =
2.231, P = 0.063]. However, one-way ANOVA analysis of
AUC for second phase pain responses revealed signifi-
cant group difference [Fig. 3B’, between group factor:
treatment, F(6,41) = 63.81, P < 0.0001]. Bonferroni’s
multiple comparison test revealed significant difference
between 10 (t =5.149, P< 0.01), 25 (t = 10.87, P < 0.01),
and 50 (t = 15.69, P < 0.01) ug EM-2 treated groups
and Veh groups. There was no difference between 2.5
pMg EM-2 treated groups and Veh groups (t = 2.133, P
> 0.05). The effect of IT EM-2 on transient phase pain
responses was calculated based on the log (dose) vs re-
sponse curve (Fig. 3D) from the dose vs response curve
(Fig. 3C). However, there was almost no analgesia effect
of IT EM-2 on transient phase responses. The effect of
IT EM-2 on second phase pain responses was calculated
based on the log (dose) vs response curve (Fig. 3D) from
the dose vs response curve (Fig. 3C). The ED50 of IT
EM-2 on the second phase pain responses is 46.96 ug.
Furthermore, pretreatment with B-FNA partially inhib-
ited the analgesia effect of IT EM-2 at 50 pg, suggesting
the involvement of spinal MOR in IT EM-2 mediated
analgesia, the remaining unblocked analgesia might be
mediated via kappa opioid receptor (KOR).

Effect of IT EM-2 on Locomotion and Anxiety
Behaviors of OVX Rats

OVX is always accompanied with anxiety-like be-
haviors (37,38), and increasing the concentration of
brain EM-2 renders anti-anxiety effects (39). We then
asked whether IT delivery of EM-2 can affect the anxi-

ety status of OVX rats, thereby complicating the expla-
nation of analgesic effects. There was no significant
group difference in the locomotion revealed by the to-
tal distance traveled in the 15 minutes recording time in
OF [Fig. 4A; one way ANOVA (between-subjects factor:
treatment) F(2,17) = 0.017, P = 0.984]. However, there
was significant group difference in the percentage of
center time in the OF test [Fig. 4A; one way ANOVA
(between-subjects factor: treatment) F(2,17) = 8.976, P
= 0.003], which indicated difference in their anxiety sta-
tus. The significant difference in the anxiety status was
also suggested by the OA entries % [Fig. 4B; one-way
ANOVA (between-subjects factor: treatment) F(2,17)
= 6.322, P = 0.010] and OA time % [Fig. 4B; one-way
ANOVA (between-subjects factor: treatment) F(2,17)
= 17.11, P < 0.01]. These differences in anxiety status
were derived from the OVX treatment, but not IT EM-2
delivery.

Discussion

In the current study, we offered evidence that
OVX-induced pain status is closely related with the
spinal EM-2 decrease. Then we revealed that OVX both
induces thermal hyperalgesia and exacerbates inflam-
matory pain responses. Based on these findings, we
established the analgesia features of IT EM-2 on ther-
mal hyperalgesia and inflammatory pain on OVX rats.
The ED50 for thermal hyperalgesia is smaller than that
for inflammatory pain responses, suggesting different
responses to EM-2 for these 2 pain modalities.

Our study added information about OVX-induced
pain to the current literature. Despite the fact that
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menopausal women are more vulnerable to pain (6,7),
the relationship between estrogen and nociceptive
threshold remains inconclusive based on the current
animal study. Our study suggested obvious hypersen-
sitivity to noxious thermal stimuli, which is partly con-
sistent with previous studies (11,12). However, the de-
tailed explanation for the inconsistency is still lacking.
The inconsistency might derive from the different OVX
protocols, the time-window when the pain responses
were tested, or how the pain responses were tested. For
example, one study reported the increased hypersensi-
tivity to noxious thermal stimuli, however, details about
the OVX operation were not given and the pain tests
were performed after 2 regular estrous cycles (about 8
days) (12) which is different from 4 weeks after OVX in
the current study. Another study reported that estrogen
had no effect on TFL to thermal stimuli (23), however,
the estrogen levels were not fluctuating as much as
in the condition of OVX. Future studies are needed to
clarify the reason why different neuropharmacological
studies on OVX could not reach the consolidated con-
clusion on the relationship between estrogen and pain.

Our study also added more evidence to the concept
that OVX exacerbate inflammatory pain responses by
using the conventional formalin model. The different
influence of OVX on formalin pain seems to be highly
dependent on the concentration of formalin used in
the pain study. However, even using the same concen-
tration of formalin, our findings that OVX increased the
second phase pain responses are still different from a
previous one (15). The possible explanation might be
that we observed the formalin pain at 4 weeks after
OVX, while the detailed time window was not given in
that study (15). The underlying mechanism for inflam-
matory pain under different estrogen levels needs to be
further investigated.

An interesting finding is that the ED50 of IT EM-2
on thermal hyperalgesia is smaller than that on inflam-
matory pain. Thermal hyperalgesia might be based on
the long-lasting (molecular or structural) alterations
within the spinal dorsal horn, which might be much
more estrogen dependent and sensitive to EM-2.
However, formalin-induced inflammatory pain, espe-
cially the second phase response, is the consequence
of central sensitization that majorly involve the spinal
cord neurons (40-42) or primary sensory neurons (43). A
large amount of EM-2 is needed to reverse the drastic
changes induced by OVX and formalin itself. For both
thermal hyperalgesia and inflammatory pain, the effi-
cacy of IT EM-2 lasted for less than 30 minutes, support-

ing the fast metabolizing of EM-2.

The involvement of MOR or other opioid recep-
tors in the EM-2 induced analgesia on estrogen-related
pain remains a hotly debated issue. In a previous study
performed in normal cycles, researchers concluded
that concomitant activation of dynorphin and KOR as
well as MOR is involved in the EM-2 analgesia on acute
physiological pain of women with high circulating es-
trogen (23). Another study reported that EM-2 plays a
role in antinociception induced by spinal KOR activa-
tion, suggesting that the interaction between MOR
and KOR contribute to EM-2 analgesia (44). However,
both studies observed the analgesia effect of EM-2
on acute pain in the normal cycle female rats (23) and
male rats (44); the receptor contribution to IT EM-2’s
analgesia has not been investigated. Our findings that
MOR is involved in the analgesia of IT EM-2 on thermal
hyperalgesia and inflammatory pain on OVX rats sug-
gests that receptor mechanisms for pain under OVX are
different than under normal conditions. Furthermore,
our data suggested that MOR is involved in the EM-2
analgesia on the OVX-induced thermal hyperalgesia,
while other opioid receptors might be involved in the
EM-2 analgesia on the inflammatory pain responses on
OVX rats because of the remaining pain responses after
the IT delivery of B-FNA. However, which opioid recep-
tor is involved in both procedures needs to be further
elucidated.

The findings from the current study are promising
for using EM-2 as a potent analgesic agent. However,
the pain in the menopausal population is always chron-
ic; it is very important to find a solution to make the
EM-2 analgesia persistent before large sample clinical
trials are done. A recent study suggested that cycliza-
tion of EM-2 is a promising strategy in the development
of new long-lasting opioid analgesics but enhancing
the blood-brain barrier permeability is another issue
(45). In the current study, EM-2 analgesia is mostly
mediated via MOR that is suggested to contribute to
opioid tolerance, thus the tolerance of EM-2 should
be taken into consideration in the future studies (46).
There is still long way to go to enable EM-2 as a potent
analgesic agent.

ConcLuUsIONS

In summary, our study offered evidence that OVX
induces long-lasting thermal hyperalgesia, spinal EM-2
decrease as well as exacerbated inflammatory pain
responses. EM-2 can dose dependently attenuate the
OVX-induced thermal hyperalgesia as well as the sec-
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ond phase pain responses in the SC formalin induced
pain among these OVX rats, mainly via spinal MOR sig-
nal pathway. Our findings may open a new analgesia
strategy for menopause women in using a downstream
molecule of estrogen so as to reduce the hormone-
related side effects.
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