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1. Abstract

Tetrahydropalmatine (dl-THP) demonstrates an
analgesic effect in animal models of neuropathic and in-
flammatory pain, however, the underlying mechanisms of
its pharmacological action within the spinal cord remains
unclear. Both P2X3 receptor and TRPV1 are associated
with the development and progression of such neuropathic
and inflammatory pain. Here, we found that both pre-
treatment and post-treatment with dl-THP could attenu-
ate Bee Venom (BV)-induced persistent spontaneous pain-
related behaviors in rats. Further, the dl-THP also exerted
both preventive and therapeutic analgesic effects in BV-
induced primary thermal and mechanical pain hypersensi-

tivity as well as in mirror-image thermal pain hypersensi-
tivity. The Rota-Rod treadmill test revealed that the dl-
THP administration did not alter the rats’ motor coordinat-
ing performance. The TRPV1 and P2X3 receptor proteins
increased markedly in the spinal cord of the rats following
s.c. BV injection, which was significantly suppressed by
dl-THP. These results suggest that dl-THP exerts a robust
antihyperalgesia effect through down-regulation of P2X3
receptors and TRPV1 in inflammatory pain, providing a
scientific basis for the translation of dl-THP treatment in
clinics.
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2. Introduction

Tetrahydropalmatine (dl-THP), one of the main
active ingredients isolated from C. yanhuso plant, has been
demonstrated to have excellent analgesic effects in both ex-
perimental and clinical studies. As a traditional analgesic
agent, dl-THP has been used to treat headache, backache
and other pain in humans [1–4]. Previous reports from pre-
clinical studies have shown that dl-THP has potential ther-
apeutic effects against inflammatory and neuropathic pain
[2, 3, 5]. The bee venom sting induced tissue injury can be
mimicked in rats by subcutaneous (s.c.) injection of hon-
eybee venom into the hind paw of the experimental animal,
referred to as the bee venom (BV) test [6–10]. Our pre-
vious study showed that dl-THP has antihyperalgesic and
antiallodynic effects against the BV induced inflammatory
pain. Pre-treatment with dl-THP produced significant inhi-
bition of persistent spontaneous nociception, primary heat
and mechanical hyperalgesia and mirror-image heat hyper-
algesia identified in the BV test [3]. However, it is still
unclear whether post-treatment with dl-THP influences BV-
induced hypersensitivity and, if so, what could be its under-
lying mechanism?

Purinergic receptor P2X ligand-gated ion chan-
nel 3 (P2X3) and transient receptor potential vanilloid 1
(TRPV1) have been proposed to be nociceptor molecules
in the DRG and spinal cord [11–13]. Accumulated knowl-
edge from previous studies reveal a crucial role of P2X3
receptor and TRPV1 in the occurrence and maintenance of
pain. P2X3 receptor is shown to be upregulated in patholog-
ical pain [13–15], and its down-regulation can alleviate me-
chanical hyperalgesia in different experimental pain models
[13, 16]. TRPV1 also has been shown to mediate thermal
hyperalgesia in animal models of inflammatory and neuro-
pathic pain [8, 17, 18]. Whether P2X3 receptor and TRPV1
are involved in the anti-allodynia effect of dl-THP in BV-
induced inflammatory pain is unknown. In this regard, the
current study was designed to clarify the analgesic effect
of dl-THP and its relationship with nociceptive receptors
(P2X3 and TRPV1) in the spinal dorsal horn of rats with
BV inflammation.

3. Materials and methods

3.1 Animals

Sprague-Dawley male rats, weighing between 180
and 250 g, were procured from the Laboratory Animal Cen-
ter of FourthMilitaryMedical University (FMMU). The ex-
perimental protocol was approved by the FMMU Animal
Care and Use Committee in accordance with the National
Institute of Health Guide for the Care and Use of Labora-
tory Animals (NIH Publications No. 80-23 revised 1985).
The animals were housed in groups of 4–6 within the plastic
boxes at 22–26 ◦C, with food and water available ad libi-
tum. A 12:12 h light dark cycle was followed with lights

turned on at 08:00 in the morning. Experiments were done
between 9:00 and 18:30 h. For 5 days before the experimen-
tation, the rats were allowed to acclimatize to the laboratory
environment for 30 minutes each day, while also habituat-
ing them to the test boxes.

3.2 BV pain model and behavioral testing

3.2.1 Establishment of BV model

The bee venom (BV) pain model was established
in accordance with our previously reported electrophysio-
logical and behavioral studies [6, 10]. Briefly, a volume
of 50 µL of saline containing 0.2 mg of lyophilized whole
venom of honeybee (4 µg/µL, Sigma, St. Louis, MO, USA)
was subcutaneously injected into the hind paw of the rats,
which induced persistent nociception and primary mechan-
ical and heat hyperalgesia.

3.2.2 Measurement of persistent spontaneous nociception

After s.c. injection of BV into the hind paw, rats
were put into a transparent plastic box of 30× 30× 30 cm3

in size that served as a test box, which was then placed on a
supporting frame of 30 cm high above the study table. The
rats were placed in the test box for at least 30 min before ad-
ministration of the drugs. During this time, the rats demon-
strated exploratory behavior, subsequently stopped explor-
ing and became quiet with occasional bouts of grooming.
After the acclimation period, the rats received s.c. injec-
tion of BV (4 µg/µL, Sigma, St. Louis, MO, USA) into the
plantar surface of a hind paw of the rats. The rats were then
observed over the next 1 hour period, counting the number
of flinching reflexes per 5-minutes, to determine the persis-
tent spontaneous nociception.

3.2.3 Measurement of thermal sensitivity

Paw withdrawal thermal latency (PWTL) was
used to determine the thermal pain sensitivity of experimen-
tal rats, as previously described [6]. Briefly, the rats placed
in a transparent plastic box with a glass floor were subject to
heat stimulation, generated from a TC-1 radiant heat stim-
ulator (new generation of RTY-3, Bobang Technologies of
Chemical Industry, China), to the center of bilateral hind
paws with 10 min interval for the same and opposite sides,
respectively. The PWTL was determined by recording the
latency of paw withdraw reflex, mean of three values, in
response to the radiant heat stimulation. A potential tissue
damage due to heat application was prevented by applying
heat for not more than 30 seconds.

3.2.4 Measurement of mechanical sensitivity

For determining paw withdrawal mechanical
threshold (PWMT), the transparent plastic box containing
the study rat was placed on a metal mesh floor, and allowed
to acclimatize for 30 minutes. Later, targeting the center
of the hind paws of the rats, a series of Von Frey monofila-
ments of different forces (0.8, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0,
14.0, 16.0, 18.0, 20.0, 25.0, 30.0, 45.0 and 60 g) were ap-
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plied at 10 seconds intervals with ten repetitions. The force
that could elicit more than five paw withdrawal reflexes
were considered as the PWMT.

3.2.5 Motor coordination test

The effect of dl-THP (60 mL/kg, i.p.) on the mo-
tor coordination function of the rats was determined using
Rota-Rod treadmill (Ugo Basile, Italy), as described in our
previous study [19]. The rats were placed on a rotating rod
whose speed was set to increase from 6 to 30 r.p.m within
120 s and the time from the acceleration of the rod to the
fall of the rat was recorded. The experiment was repeated
for a total of eight times of which the first three times were
considered as training.

3.3 Immunohistochemistry

Two hours after dl-THP or vehicle administration
following BV injection, the animals were euthanized for
immunohistology. The transverse sections of L4-5 seg-
ments of the spinal cord, sectioned (40µm) on amicrotome,
were blocked of their endogenous peroxidase activity by in-
cubating in 3% hydrogen peroxide for 10 minutes, followed
by 1 hour incubation in blocking buffer (1% bovine serum
and 0.2% Triton X-100 in 0.01 M PBS). The sections were
then allowed to react with primary antibodies over night
and then incubated with secondary antibodies for 3 h after
washing with 0.01 M PBS for 3 times. Sections were then
washed again for 3 times, mounted on a slide andmicropho-
tographed using a confocal microscope. The primary anti-
bodies used in the present study were rabbit polyclonal anti-
TRPV1 (1 : 200, Alomone, Israel) and rabbit anti-P2X3 (1
: 300, Alomone, Israel) antibodies, while Cy3-conjugated
sheep anti-rabbit antibody (1 : 200, Sigma, USA) served as
the secondary antibody. Three rats represented each group
and for each rat the immunoreactive cells were counted over
10–12 sections, as detailed in our previous study [20].

3.4 Western blot analysis

Fresh spinal cord tissue of the lumbar segment
was obtained from the BV-inflamed rats by decapitation
at 2 h post- drug or vehicle treatment (n = 4 for each
treatment). Total protein was extracted by lysing the tis-
sue in the ice-cold RIPA lysis buffer, containing 150 mM
NaCl, 1%NP-40 and 0.1% sodium dodecyl sulphate (SDS).
Total protein was quantified using BCATM protein assay
kit (Thermo Scientific, Rockford, IL, USA), followed by
heating the samples for 10 min at 95 ◦C with SDS-PAGE
sample buffer. Same amount of proteins were subjected
to electrophoresis (6% SDS-PAGE separation gel), trans-
ferred to the nitrocellulose membrane (Bio-Rad, Hercules,
CA, USA) and incubated in 5% non-fat milk with 0.05%
Tween 20 (PBST) solution for 3 h at room temperature. The
blots were then incubated overnight with primary antibod-
ies at 4 ◦C, followed by incubation with horseradish perox-
idase (HRP)-conjugated secondary antibodies after through
washing. ChemiGlowWest chemiluminescent substrate kit

was used to develop the blots, while FluorChem FC II (Al-
pha Innotech Corp.) was used to capture the signals. The
relative intensity of the target bands was quanitifed using
AlphaImager EPAnalysis Software (Cell Biosciences, Inc).
Tubulin staining intensity served as the internal control to
which the proteins of interest were normalized. The control
mean of each group was calculated first and then the statis-
tical analysis was performed by expressing the individual
test values as folds of control mean. A single value of each
sample, the reliability of which was established by repli-
cating the western blot of each sample, was subjected to
statistical analysis. The following primary antibodies were
used in the present study: polyclonal rabbit anti-TRPV1 an-
tibody (1 : 200, Alomone, Israel), polyclonal rabbit anti-
P2X3 antibody (1 : 300, Alomone, Israel), and monoclonal
mouse anti-β-tubulin antibody (1 : 2000, Sigma, US). The
secondary antibodies used were Goat anti-mouse HRP and
goat anti-rabbit HRP (1 : 3000, ZSGB-Bio, Beijing, China).
For details see our previous reports [20, 21].

3.5 Experimental drugs

Different doses (20, 40, 60 mg/kg) of dl-
Tetrahydropalmatine (dl-THP, Shaanxi Huike Botanical
Development Co., Ltd) were prepared by dissolving in
saline with 0.6% acetic acid, and the PH was adjusted to
6.0 to 7.0 for intragastric (i.g.) administration. The doses
of dl-THP were chosen on the basis of previous studies
[3, 5, 22, 23].

3.6 Data analysis

All results were presented as mean± S.E.M. Two-
way repeated measurement (RM) test or Mauchly’s test of
sphericity with Greenhouse-Geisser correction were used
to assess the data of time effects. FA stood for between-
subjects ANOVA, FB stood for within-subjects ANOVA,
while FAB stood for interaction effects ANOVA. Further
exploration was analyzed by post hoc multiple comparisons
test. One way ANOVA with Bonferroni post hoc test and
Kruskal- Wallis one way ANOVA test with Bonferroni post
hoc corrections were used to analyze parametric and non-
parametric data, respectively, following the results of nor-
mality Shapiro-Wilk test and equal variance Levene test.
All statistical analyses were performed using SPSS 25.0
software. P < 0.05 was considered to be statistically sig-
nificant.

4. Results

4.1 Effects of dl-THP pre-treatment on the BV-induced
persistent spontaneous nociception and pain
hyperalgesia

As shown in Fig. 1A, pre-treatment (15 min prior
to s.c. BV injection) with 3 doses of dl-THP (20, 40,
60 mg/kg) significantly suppressed the BV induced persis-
tent spontaneous flinching reflexes in a dose-related man-
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ner, during 1 h observation period. dl-THP inhibited the
BV-induced persistent spontaneous nociception only in the
early phase (0–20 min), but not in the late phase (20–60
min) (Fig. 1B). We next found that the i.g. pre-treatment
of dl-THP at high dose (40, 60 mg/kg) also suppress the
primary thermal (n = 6, P < 0.001) and mechanical pain
hypersensitivity (n = 6, P < 0.001) as well as the mirror-
image thermal pain hypersensitivity (n = 6, P < 0.01). The
analgesic effect appeared at 15 min, peaked at 2 h and con-
tinued to 6 h after the administration of dl-THP (Fig. 1C–F).
However, dl-THP at 20 mg/kg and vehicle did not affect the
hyperalgesia and allodynia induced by BV injection (n = 6,
P > 0.05).

4.2 Effects of post-treatment with dl-THP on the
BV-induced pain hyperalgesia.

As shown in Fig. 2A,B, post-administration of dl-
THP at 40 and 60 mg/kg at 2 h after s.c. BV-administration
dose-dependently suppressed the BV-induced bilateral ther-
mal pain hypersensitivity, which started from 2 h and lasted
up to 6 h (n = 6, P < 0.01). We also found that post-
treatment with dl-THP at 40 and 60 mg/kg could also pre-
vent the primary mechanical pain hypersensitivity, which
peaked at 2 h and continued to 6 h after the administration
(Fig. 2C,F). However, post-administration of dl-THP at 20
mg/kg or vehiclecould not alleviate the BV-induced hyper-
algesia and allodynia (n = 6, P > 0.05).

4.3 Effects of dl-THP on the expression of TRPV1 in
the spinal dorsal horn.

As shown in Fig. 3A, the TRPV1 is primarily re-
stricted to the superficial layers (laminae I-II) of L4-5 spinal
dorsal horn. Compared to control groups, the TRPV1-
positive neurons were markedly increased in BV-inflamed
rats (P < 0.05), whereas pre-treatment with dl-THP signif-
icantly mitigated such effect (P< 0.001) (Fig. 3A,B). Sim-
ilarly, post-treatment with dl-THP also significantly inhib-
ited the TRPV1-positive neurons in the spinal dorsal horn
of BV-inflamed rats (P < 0.001) (Fig. 4A,B). Further, the
results from western blot analysis revealed an increased ex-
pression of TRPV1 protein in the BV-inflamed rats, com-
pared to the control group (P < 0.01). However, such in-
creased TRPV1 protein expression was reversed in both i.g.
dl-THP group (60mg/kg) (P< 0.05, Fig. 3C,D) and in post-
treatment dl-THP group (P < 0.01, Fig. 4C,D). These re-
sults suggest the involvement of TRPV1 in dl-THP medi-
ated mitigation of BV induced thermal hyperalgesia.

4.4 Effects of dl-THP on the expression of P2X3
receptor in the spinal dorsal horn.

Immunohistochemical experiments confirmed the
restriction of the P2X3 receptors to the superficial layers
(laminae I-II) of L4-5 spinal dorsal horn (Fig. 5A). As
shown in Fig. 5A,B, compared to the control group, BV-
inflamed rats demonstrated a significant increase in P2X3-
positive neurons (P < 0.001). However, the rats who were

Fig. 1. Effects of pre-treatment of dl-THP on BV-induced paw flich-
ing reflex and hypersensitivity to thermal andmechanical stimulation.
GraphA shows time course of dose-related effects of i.g dl-THP on the BV-
induced paw flinches. Graph B shows dose-related effects of i.g dl-THP
on the mean number of BV-induced paw flinches per 5 min of the initial
20-min period (left colum), the last 40 min period (middle column) and the
1-h total time course (right column) respectively. Graph C, D show time
course of dose-related effects of i.g dl-THP on the BV-induced primary
(injected paw) and mirror-image (contralalteral paw) thermal hyperalge-
sia. Graph E, F show time course of dose-related effects of i.g dl-THP on
the BV-induced primary mechanical hyperalgesia. Saline was used as the
vehicle (Veh) to carry dl-THP and administered 15 min prior to s.c. BV
injection. dl-THP, 60 mg/kg, * P < 0.05, ** P < 0.01, *** P < 0.001;
dl-THP, 40 mg/kg, # P < 0.05, ## P < 0.01, ### P < 0.001; dl-THP, 20
mg/kg, † P< 0.05, †† P< 0.01, as compared with Veh + BV group; &&&
P < 0.001, Veh + BV vs. Control. Data are expressed as mean ± SEM.

pre-administered with dl-THP (60mg/kg) showed amarked
decrease in the P2X3 positive neurons, compared to the
rats who received BV alone (Fig. 5A,B, P < 0.001). Post-
administration of dl-THP was also able to elicit a similar
effect, where the neurons positive for P2X3 receptors were
significantly decreased compared to those observed in BV-
inflamed rats (Fig. 6A,B, P < 0.5). We also measured the
P2X3 protein expression in the spinal cord using western
blot analysis. As shown in Fig. 5C,D, compared with the
control group, P2X3 protein expression in the spinal cord
was significantly increased in BV-inflamed rats (P< 0.01).
However, dl-THP significantly inhibited the P2X3 protein
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Fig. 2. Effects of post-treatment with i.g. dl-THP on BV-induced hy-
persensitivity to thermal andmechanical stimulation. GraphA, B show
time course of dose-related effects of i.g. dl-THP on the BV-induced pri-
mary (ipsilateral- injection paw) and mirror-image (contralalteral injection
paw) thermal hyperalgesia. Graph C, D show time course of dose-related
effects of i.g. dl-THP on the BV-induced primary mechanical hyperal-
gesia. Graph E shows the inhibitory effects of dl-THP at high dose (60
mg/kg) on the BV-induced primary (injection paw) andmirror-image (con-
tralalteral paw) thermal hyperalgesia. Graph F shows partial inhibition of
BV-induced primary mechanical hyperalgesia by dl-THP. Saline was used
as the vehicle (Veh) to carry dl-THP and administered 2 h after s.c. BV in-
jection. dl-THP, 60 mg/kg, * P< 0.05, *** P< 0.001; dl-THP, 40 mg/kg,
# P< 0.05, ### P< 0.001 as compared with Veh + BV group; &&& P<

0.001, Veh + BV vs. Control. Data are expressed as mean ± SEM.

expression in the spinal cord in both pre-treatment (P <

0.01, Fig. 5C,D) and post-treatment (P < 0.05, Fig. 6C,D)
groups.

4.5 Effects of dl-THP on motor function

Rota-Rod treadmill was used to evaluate the rota-
rod treadmill in the study rats. Animals capable of remain-
ing on the Rota-Rod apparatus for longer than 300 swere se-
lected to measure the motor activity. After 30 min of i.g. dl-
THP (60 mg/kg) administration, each animal was assessed
for its ability to stay on the bar of the Rota-Rod apparatus
and the time to do so was recorded. At a dose of 60 mg/kg,
the dl-THP produced no significant change in the Rota-Rod

Fig. 3. Immunofluorescence measuring the effect of pre-treatment of
dl-THP on TRPV1 positive neurons. Graph A shows the fluorescence
confocal images from control, Veh + BV and dl-THP + BV stained for
TRPV1 (top). The lower panel shows enlarged images of the insets in
control, BV + Veh and BV + dl-THP groups stained for TRPV1 receptor.
Scale bars, 100 mm, 50 mm. The following statistical graph 3B shows
the mean of the intensity of immufluorescence of TRPV1 immunoreactive
cell (n = 3 per group, * P < 0.05 vs. Control group, ### P < 0.001 vs.
Veh + BV group). Graph C, D shows representative immunoblotting bands
and quantitative analysis, respectively, of TRPV1 expression in the L4-5
spinal dorsal horn neurons in the control, Veh + BV and dl-THP + BV
groups. The relative value density for bands of TRPV1 in the Veh + BV
and dl-THP + BV group rats was normalized to the value of TRPV1 in the
control group rats (n = 4 for each group, ** P< 0.01 vs. Control group, #
P < 0.05 vs. Veh + BV group).

performance, as compared to the naive and saline treated
groups (Fig. 7). The Kruskal-Wallis one way ANOVA test
with Bonferroni post hoc comparisons provided no signif-
icant difference amongst the groups (n = 9 for each group,
P = 0.285, Hc = 2.481).

5. Discussion

In the present study, we found that the i.g. dl-THP
dose-dependently exerted an analgesic effect on inflamma-
tory pain induced by BV injection in rats by regulating the
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Fig. 4. Immunofluorescence measuring the effect of post-treatment
dl-THP on TRPV1 positive neurons. Graph A shows the fluorescence
confocal images from control, BV + Veh and BV + dl-THP groups stained
for TRPV1 (top). The lower panel shows enlarged images of the insets in
control, BV + Veh and BV + dl-THP groups stained for TRPV1 receptor.
Scale bars, 100 mm, 50 mm. The following statistical graph B shows the
mean of the intensity of immufluorescence of TRPV1 immunoreactive cell
(n = 3 per group, *** P< 0.001 vs. Control group, ### P< 0.001 vs. BV
+Veh group). Graph C, D shows representative immunoblotting bands and
quantitative analysis of TRPV1 expression in the L4-5 spinal dorsal horn
neurons in the control, BV + Veh and BV + dl-THP groups. The relative
value density for bands of TRPV1 in the BV +Veh and BV+ dl-THP group
rats was normalized to the value of TRPV1 in the control group rats (n =
4 for each group, *** P < 0.001 vs. Control group, ## P < 0.01 vs. BV
+ Veh group).

levels of P2X3 receptor and TRPV1 in the spinal cord (see
Fig. 8). Specifically, we found that the pre-treatment with
dl-THP could attenuate the persistent spontaneous pain-
related behaviors induced by BV-injection, and both pre-
or post-treatment with high dose of dl-THP could effec-
tively prevent or reverse BV-induced primary thermal and
mechanical pain hypersensitivity as well as mirror-image
thermal pain hypersensitivity. The neurons positive for
TRPV1 and P2X3 receptors in the L4-5 spinal dorsal horn
increased markedly following s.c. BV injection, which was
significantly suppressed by pre- and post-treatment with dl-

Fig. 5. Immunofluorescence measuring the effect of pre-treatment of
dl-THP on P2X3 positive neurons. Graph A shows immunofluorescence
labeling of P2X3 in control, Veh + BV and dl-THP + BV groups. The
lower panel show enlarged images of the insets in control, Veh + BV and
dl-THP + BV groups stained for P2X3 receptor. Scale bars, 100 mm, 50
mm. The following statistical graph B shows the mean immunofluores-
cence of intensity of P2X3 immunoreactive cell (n = 3 per group, *** P<

0.001 vs. Control group, ### P < 0.001 vs. Veh + BV group). Graph C,
D shows representative immunoblotting bands and quantitative analysis
of P2X3 expression in the L4-5 spinal dorsal horn neurons in the control,
Veh + BV and dl-THP + BV groups. The relative value density for bands
of P2X3 receptors in the Veh + BV and dl-THP + BV group rats was nor-
malized to the value of P2X3 receptors in the control group rats (n = 4 for
each group, ** P < 0.01 vs. Control group, ## P < 0.01 vs. Veh + BV
group).

THP. The results from western blot analysis also showed
that the expression of P2X3 and TRPV1 proteins were sig-
nificantly increased in the BV-inflamed rats, compared to
control group, while the effect was reversed by pre- and
post-administration of dl-THP.

dl-THP is an active ingredient isolated from C.
yanhuso plant. Its analgesic property is used to allevi-
ate pain in patients suffering from various diseases [1–
3, 24]. Studies have shown that dl-THP can significantly
alleviate neuropathic hypersensitivity as well as inflam-
matory hypersensitivity [1, 2]. In our previous report we
demonstrated that, when pre-administered, dl-THP can ex-
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Fig. 6. Immunofluorescence measuring the effect of post-treatment
of dl-THP on P2X3 positive neurons. Graph A shows immunofluores-
cence labeling of P2X3 in control, BV + Veh and BV + dl-THP groups.
The lower panel show enlarged images of the insets in control, BV + Veh
and BV+ dl-THP groups stained for P2X3 receptor. Scale bars, 100 mm,
50 mm. The statistical graph B shows the mean immunofluorescence of
intensity of P2X3 immunoreactive cell (n = 3 per group, ** P < 0.01 vs.
Control group, # P < 0.05 vs. BV + Veh group). Graph C, D shows
representative immunoblotting bands and quantitative analysis of P2X3
expression in the L4-5 spinal dorsal horn neurons in the control, BV + Veh
and BV + dl-THP groups. The relative value density for bands of P2X3
receptors in the BV + Veh and BV + dl-THP group rats was normalized to
the value of P2X3 receptors in the control group rats (n = 4 for each group,
** P < 0.01 vs. Control group, # P < 0.05 vs. BV + Veh group).

ert antinociceptive effect against BV-induced inflammatory
pain and hypersensitivity [3]. However, it is still unclear
whether the post-treatment with dl-THP can influence BV-
induced hypersensitivity, and if so, its underlying mech-
anisms. In this study, we used a well-established animal
model to replicate BV induced inflammatory pain [25, 26].
Our results showed that the dl-THP had both preventive
and therapeutic analgesic effect against BV-induced noci-
ception and hypersensitivity, including persistent sponta-
neous nociception, primary heat and mechanical hyperal-
gesia, and mirror-image heat hyperalgesia. These results
indicate that dl-THP exerts a very robust antihyperalgesia

Fig. 7. Effect of dl-THP onmotor performance in the Rota-Rod tread-
mill test. Effect of dl-THP (60 mg/kg) on motor control of the rats, shown
as time (s) on the Rota-Rod. The highest dose of dl-THP had no influ-
ence on the motor function, as compared to the control group. Data are
expressed as mean ± SEM from 9 animals in each group.

effect against inflammatory pain.
It has been reported that TRPV1 and P2X3 recep-

tors are expressed in nociceptive neurons within the dorsal
root ganglion (DRG), the primary sensory ganglia, and in
the dorsal horn of the spinal cord (SCDH) [11, 13, 27]. The
expression of P2X3 receptors in DRG neurons was shown
to be significantly upregulated in the rat model of neuro-
pathic pain [14]. Experimental studies have shown an in-
crease in the expression of both TRPV1 and P2X3 receptors
in DRG in inflammatory pain models [27]. Similar result
was also reported in spinal cord, where its TRPV1 protein
levels were increased in rat CCI model, a neuropathic and
inflammatory pain model, and an antagonist to the TRPV1
could significantly attenuate mechanical allodynia in these
rats [18]. In our previous study, we demonstrated the im-
portance of TRPV1 in the development of inflammatory
and thermal pain conditions [8]. In mouse models of neu-
ropathic pain, the thermal hyperalgesia was attenuated by
suppression of TRPV1 mRNA and protein expression in
the DRG and spinal cord [28]. Recent study also found that
blocking TRPV1 can attenuate chronic thermal hyperalge-
sia in mice [17]. In this present study, we found an increase
in TRPV1 positive neurons in the superficial layers (lami-
nae I-II) of L4-5 spinal dorsal horn in response to BV me-
diated inflammation. Western blot analysis also revealed
an increased expression of TRPV1 proteins in spinal cord
following BV injection, which was significantly decreased
following administration of dl-THP. These results indicate
that the thermal hyperalgesia effect that was induced by BV
injection, and alleviated by dl-THP treatment, was therefore
mediated by TRPV1. Similar to TRPV1, P2X3 receptors in
sensory neurons are known to mediate the transmission of
nociceptive information, and the levels of both P2X3 re-
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Fig. 8. A proposed the antinociceptive effects of dl-tetrahydropalmatine on BV-induced inflammatory pain in rats. The expression of P2X3
and TRPV1 increased markedly following s.c. BV injection. The increased level of P2X3 and TRPV1 was reversed by the treatment with dl-
tetrahydropalmatine.

ceptor protein and mRNA were shown to be significantly
upregulated in the rat model of neuropathic pain [14, 15].
Down-regulation of P2X3 receptor expression in peripheral
tissues and the nervous system is further shown to partially
reverse mechanical hyperalgesia following the neuropathic
and inflammatory pain [16, 29]. In our current study, we
discovered that both the P2X3 positive neurons and P2X3
proteins were significantly increased in the spinal cord of
BV-administered rats, which was reversed by treating with
dl-THP.

Previous studies have demonstrated a significant
analgesic effect of dl-THP in alleviating neuropathic pain,
and this antinociceptive property has been attributed to
the inhibition of D2 dopamine receptors in striatum and
the accumbens nucleus [30]. Meanwhile, supraspinal D1
dopamine receptors may also be involved in the antihyper-
algesic effect of dl-THP in chronic pain [1]. In addition,
dl-THP has a potent anti-allodynia effect through spinal
sig-1R mechanism, as demonstrated in the mouse model
of neuropathic pain [2]. However the mechanism under-
lying dl-THP mediated antinociceptive effects and its rela-
tionship with P2X3 receptor and TRPV1 within the spinal
cord is poorly understood. In this study, we examined the
effectiveness of dl-THP in downregulating the increased
TRPV1 and P2X3 expressions in the spinal cord of BV-
administered rats. The results revealed that a high dose
of dl-THP effectively reduced the TRPV1 and P2X3 ex-
pression in the spinal cord that was in agreement with its
antinociceptive effect. Thus we presume that dl-THP me-

diated analgesic effect in rats with inflammatory pain was
mediated by regulating TRPV1 and P2X3 receptors.

In conclusion, the present study shows that dl-THP
had dose-related analgesic effects on inflammatory pain in-
duced by BV injection, and this analgesic effect was medi-
ated by regulating the level of P2X3 receptor and TRPV1 in
the spinal cord. Current study improves our understanding
of dl-THP induced antinociception mechanisms, providing
the scientific basis for clinical translation of dl-THP treat-
ment.
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