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Although tetrahydropalmatine (THP), an alkaloid constituent of plants from the genera Stephania and Corydalis,
is known to have analgesic property, the antinociceptive effects of THP have not been well evaluated experimen-
tally and the appropriate indications for treatment of clinical pain remain unclear. In the present study, nocicep-
tive and inflammatory models of both somatic and visceral origins were used to assess the antinociceptive and
antihyperalgesic effects of intragastric (i.g.) pretreatment of dI-THP in rats. In the bee venom (BV) test that has
been well established experimentally, i.g. pretreatment of three doses of dI-THP (20, 40, 60 mg/kg, body weight)
resulted in less stably antinociceptive effect on the BV-induced persistent paw flinches that are known to be pro-
cessed by spinal nociceptive circuit, however the drug of the two higher doses produced distinct suppression of
the BV-induced persistent nociception rated by nociceptive score that reflects both spinal and supraspinal medi-
ation. Similarly, the antinociception of dI-THP (60 mg/kg) was only significant for phase 1 but not for phase 2 of
the formalin-induced persistent paw flinches, however, the inhibition was distinct for both phase 1 and phase 2
of the formalin nociceptive score. For the antihyperalgesic effect, in contrast, pretreatment of dI-THP (60 mg/kg)
produced significant inhibition of both primary hyperalgesia to either thermal or mechanical stimuli and the
mirror-image thermal hyperalgesia identified in the BV test. In the acetic acid writhing test, the number of
writhes was completely blocked at the first 5-min interval followed by a sustained suppression in the remaining
period of the whole time course comparing to the vehicle control.
These data suggest that i.g. pre-administration of dI-THP could more effectively inhibit visceral nociception as
well as thermal and mechanical inflammatory pain hypersensitivity (hyperalgesia) than persistent nociception.
Moreover, the drug is likely to produce more effectiveness on supraspinally processed nociceptive behaviors
than spinally mediated nociceptive behaviors, implicating an action of THP at the supraspinal level.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

been thought to alleviate pain, such as headache, chest pain, hypo-
chondriac pain, epigastric pain, abdominal pain, backache, arthralgia,

Tetrahydropalmatine (THP), a tetrahydroprotoberberine isoquino-
line alkaloid, is a primary active constituent from the genera Stephania
and Corydalis. Studies have shown that THP exhibits potential utility in
treating drug abuse (Liu et al., 2009; Mantsch et al., 2007; Xi et al.,
2007; Yang et al., 2008) and epileptic attacks (Chang and Lin, 2001;
Lin et al., 2002), and has hypothermic (Lin et al., 2001), antihyperten-
sive (Lin et al., 1996), sedative, hypnotic and neuroprotective effects in
rats (Chang et al.,, 1999). Aside from them, however, THP has always

Abbreviations: BV, bee venom; i.g., intragastric; PSN, persistent spontaneous noci-
ception; PWMT, paw withdrawal mechanical threshold; PWTL, paw withdrawal ther-
mal latency; s.c., subcutaneous injection; TAC, total alkaloids of Corydalis yanhusuo
W.T. Wang; THP, tetrahydropalmatine.
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dysmenorrheal and trauma (Huang, 1994). Although THP was most
well known as a traditional analgesic agent, it is surprisingly noted
that few pharmacological studies have been carried out to explore
the possible antinociceptive action of THP and to evaluate its analgesic
effects in animals.

Actually, there are many animal models for studying pain and
evaluating the effects of various analgesic drugs. For instance, it has
been clearly demonstrated that bee venom (BV) test is a well-
established animal model for elucidating peripheral and central
mechanisms of pathological pain (Chen, 2003, 2007, 2008; Chen
and Lariviere, 2010). In behavioral assays, the BV-inflamed animals
show unique expressions of persistent spontaneous nociception
(PSN) and hypersensitivity (including primary heat and mechanical
hyperalgesia, and secondary or mirror-image heat hyperalgesia)
(Chen et al., 1999, 2000, 2006; Chen and Chen, 2000, 2001). The for-
malin test is another persistent ongoing pain model, which is charac-
terized by a biphasic nociceptive response consisting of immediate
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(the first) and tonic (the second) phases, representing another
unique characteristic of inflammatory pain state (Tjolsen et al.,
1992). Moreover, intraperitoneal injection of diluted solutions of
acetic acid is a model of tonic visceral pain in rodents (writhing
test) (Mogil et al., 1996). Therefore, in the present study, we assessed
the effects of dI-THP on different nociceptive responses to the tissue
injury produced by three noxious chemical agents injected into either
somatic or visceral site of the body.

2. Material and methods
2.1. Animals

The experiments were performed on male Sprague-Dawley albino
rats (180-220 g) purchased from Laboratory Animal Center of Fourth
Military Medical University (FMMU), Xi'an, PR China. The animals
were kept one per cage at 25-26 °C with 12-hour light-dark cycles
(with the lights on at 8:00 a.m. to 8:00 p.m.) and were fed standard
laboratory diet and water ad libitum. All experiments were approved
by Animal Care and Use Committee at FMMU and accord with the
Declaration of the National Institutes of Health Guide for Care and
Use of Laboratory Animals (Publication No. 85-23, revised 1985).

2.2. Pain models and drug treatment

Solutions of BV (4 pg/ul, Sigma, St. Louis, MO, USA), acetic acid
(0.6%, Sigma, St. Louis, MO, USA) and formalin (2.5%, Sigma, St.
Louis, MO, USA) were prepared in 0.9% sterile saline. Subcutaneous
injection (s.c.) of BV (50 ul) and formalin (50 pl) was administered
into the posterior plantar surface (Chen et al., 1999; Hunskaar and
Hole, 1987), while acetic acid (100 pl) was given intraperitoneally.
Sterile saline (50l or 100 ul) was used as vehicle control of the
above treatment. All vehicle or dI-THP (purchased from Shaanxi
Huike Botanical Development Co. Ltd., China) was administered
through intragastric (i.g.) administration 30 min before BV, formalin
or acetic acid injection.

2.3. Measurement of nociception and pain hypersensitivity

2.3.1. Quantitative assessment of persistent spontaneous nociception

For behavioral testing, PSN was estimated by counting the number
of paw flinches occurring during every 5-min interval for 1 h following
intraplantar BV or formalin injection. A nociceptive score was also
used for evaluation of supraspinal origin of nociceptive behaviors
according to a previous report (Coderre and Melzack, 1992; Ren et
al., 2008). Briefly, when the injected paw bears the rat's weight on
the ground, it is scored “0”; when the rat lightly rests its injected
paw and bears only some of its weight on the floor, it is scored “1”;
when the rat raises the injected paw off the ground, it is scored “2”;
when the animal licks, bites, or shakes the injected paw, it is scored
“3”. A weighted average of nociceptive score (0-3), was calculated
by multiplying the time spent in each category by the category weight,
and then divided by the total time for each 5-min time block (see Chen
et al., 1998).

In the acetic acid model, the number of writhes was cumulatively
counted each 5-min period for 1 h, starting 5 min after the adminis-
tration of the acetic acid solution (Mogil et al., 1996). A writhe was
defined as a contraction of the abdominal muscles accompanied by
an elongation of the body and extension of the hind limbs.

2.3.2. Quantitative assessment of pain hypersensitivity

As described previously, rats were placed in a plastic chamber on
the surface of a 2 mm thick glass plate to measure the sensitivity to
heat stimuli with a TC-1 radiant heat stimulator (new generation of
RTY-3 made in Xi'an Bobang Technologies of Chemical Industry Co.
Ltd., China, 10V) at 3 h after s.c. BV injection. The latency was

determined as the duration from the beginning of heat stimuli to
the occurrence of a marked paw withdrawal reflex. Four stimuli
were repeatedly applied to both the injection site and the corre-
sponding area of the contralateral paw, and the latter three values
were averaged as mean paw withdrawal thermal latency (PWTL, s)
(Chen et al,, 1999). The inter-stimulus interval for each heat test
was more than 15 min at the same hind paw or at different site of an-
other hind paw.

Mechanical pain sensitivity of rats was determined by testing paw
withdrawal mechanical threshold (PWMT, mN) in response to me-
chanical stimuli by using ascending graded individual von Frey mono-
filaments with bending forces of 4.9, 9.8, 19.6, 39.2, 58.8, 78.4, 98.0,
117.6, 137.2, 156.8, 176.4, 196.0, 245.0, 343.0, 441.0, and 588.0 mN.
A single von Frey filament was applied 10 times (several seconds
for each stimulus) to each testing area of bilateral hind paws. The
bending force of the von Frey filament being able to evoke a not less
than 50% occurrence of paw withdrawal reflex (e.g. 5/10) was
expressed as the PWMT (Chen et al., 1999).

2.4. Motor coordination test

Motor coordination was evaluated by a Rota-Rod treadmill (Ugo,
Basile, Italy) in rats among three groups, namely, naive, saline-
treated or 60 ml/kg dl-THP-treated group. The accelerating speed of
the Rota Rod was set to raise from 6 r/min to 30 r/min within 120 s.
Rats were placed on the treadmill and the timers were started with
acceleration and automatically stopped when the animal fell off,
with a maximal cutoff time of 300 s. As shown in Table 1, animals
were trained on the Rota-Rod in a protocol containing 8 trials (T1-
T8 from 0 min to 360 min). Trials 1-3 were carried out to allow ani-
mal accommodation to the testing apparatus. The remaining trials
(T4-T8) were subjected to statistical analysis.

2.5. Data analysis and statistics

All results were presented as mean+S.E.M. One-way ANOVA
(Fisher's PLSD test) was used for statistical analyses. A statistical dif-
ference was accepted as significant if P<0.05.

3. Results

3.1. Effects of dI-THP on BV-induced persistent spontaneous nociception
and pain hypersensitivity

Fig. 1A and D showed the time courses of the effects of i.g. pre-
treatment with vehicle or three doses of dI-THP (20, 40, and
60 mg/kg) on the PSN by counting the paw flinches or nociceptive
score caused by s.c. injection of BV. Compared with the vehicle
group, the three doses of dI-THP only suppressed paw flinches at
the first 5 min time block without significant antinociception for the
remaining 10-60 min time course. However, in contrast, the same

Table 1
Effect of a single dose of dI-THP (60 mg/kg, i.g.) on motor coordination of rats mea-
sured by Rota-Rod treadmill test.

Trials Baseline Saline dI-THP

T1 (0 min) 53.504+4.18 54.334+6.53 56.504+6.89

T2 (30 min) 153.17+£9.90 152.67 +13.44 149.50 4+ 12.19
T3 (60 min) 238.00 +16.63 239.334+15.73 236.00+19.30
T4 (120 min) 240.33+17.50 243.67 £15.97 233.00+16.97 N
T5 (180 min) 243.504+16.54 244.83+14.73 231.00+14.42 N
T6 (240 min) 241.67 £16.41 24333 4+14.12 23417 +14.23 ™
T7 (300 min) 24517 £15.10 245.33 £17.59 236.83+18.33 N
T8 (360 min) 242.50+18.72 238.50+18.43 23717 £17.02

Notes: Data are expressed as mean4SEM from 6 animals for each group. NS, no
significance, dI-THP-treated group vs. saline control.
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Fig. 1. Effects of intragastric pre-administration of dI-THP (20, 40, 60 mg/kg) on the induction of BV-induced nociception. Persistent spontaneous nociception was evaluated by either
spinally-processed paw flinches (A, B) or spinally- and supraspinally-processed nociceptive score (D, E). Curve graphs (A and D) show the time courses of persistent spontaneous noci-
ception, while column graphs (B and E) show the mean total numbers of paw flinches or nociceptive scores in 1 h time course after s.c. BV injection. Thermal and mechanical pain hy-

persensitivities are evaluated by paw withdrawal thermal latency (PWTL, column C) and paw withdrawal mechanical threshold (PWMT, column F).

groups, ** P<0.01 vs. baseline. Error bars: + S.E.M.

three doses of dI-THP produced less antinociception for the nociceptive
score in the initial time block of 0-25 min, however, the antinociceptive
effects of the two higher doses became statistically significant in the
remaining time course of 30-60 min. Fig. 1B and E showed the total num-
ber of paw flinches and nociceptive score in 1 h time course, respectively.
The inhibitory rate of dI-THP (20, 40, and 60 mg/kg) for paw flinches was
3.34% (n=6, P>0.05), 7.52% (n=6, P>0.05) and 17.35% (n=7, P<0.05),
respectively, while for nociceptive score —0.48% (n=6, P>0.05), 31.64%
(n=38, P<0.05) and 36.06% (n =38, P<0.05) were achieved, respectively.
There was no distinct dose effect for the three doses used in the present
study.

Intragastric administration of the highest single dose of dI-THP
(60 mg/kg) into naive animals produced no significant changes in
basal pain sensitivity (data not shown). As shown in Fig. 1C, in the
BV-inflamed rats, pre-treatment with 60 mg/kg of dI-THP prevented
partially the thermal hypersensitivity identified in bilateral hindpaws
from occurring, with the inhibitory rates of 58.82% (n= "7, P<0.05) for
the primary injury site and 35.77% (n =7, P<0.05) for the contralater-
al hindpaw. In Fig. 1F, in comparison with the vehicle group, pre-
treatment with the same dose of dI-THP resulted in partially suppres-
sive effects on the primary mechanical hypersensitivity by 33.37%
(n=7, P<0.05).

3.2. Effects of dI-THP on formalin-induced persistent spontaneous
nociception

During the 1 h time course of the formalin-induced paw flinches,
pre-treatment with single dose (60 mg/kg) of dI-THP resulted in a
profound suppression of phase 1 by 53.12% (n=7, P<0.05), but not
phase 2, in comparison with the vehicle control (Fig. 2A and B). How-
ever, the same dose of dI-THP produced relatively equivalent antino-
ciception for both phase 1 (by 49.54%, n=6, P<0.05) and 2 (by
47.26%, n=6, P<0.01) when nociceptive score was measured
(Fig. 2C and D).

# P<0.05 vs. vehicle-treated

3.3. Effects of dI-THP on acetic acid-induced writhing responses

Intraperitoneal injection of acetic acid evoked a stereotypical
writhing response in rats. As shown in Fig. 3A, anti-visceral pain effect
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Fig. 2. Effects of intragastric pre-administration of dI-THP (60 mg/kg) on the induction of
formalin-induced nociception. Biphasic persistent spontaneous nociception was evaluat-
ed by either spinally-processed paw flinches (A, B) or spinally- and supraspinally-
processed nociceptive score (C, D). Curve graphs (A and C) show the time courses of per-
sistent spontaneous nociception, while column graphs (B and D) show the mean total
numbers of paw flinches or nociceptive scores in 1 h time course after s.c. formalin injec-
tion. Phase 1=0-10 min; Phase 2= 11-60 min. # P<0.05, ** P<0.01 vs. vehicle-treated
groups. Error bars: + S.E.M.
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Fig. 3. Effects of intragastric pre-administration of dI-THP (60 mg/kg) on the induction
of acetic acid-induced visceral nociception. Curve graph (A) shows the time course and
column graph (B) shows the mean total numbers of writhing response averaged from
1 h time course following intraperitoneal acetic acid injection. ** P<0.01 vs. vehicle-
treated groups. Error bars: + S.E.M.

of i.g. pre-administration of dI-THP (60 mg/kg) was dramatically
strong in the first 5 min time block followed by a period of 30 min sig-
nificant antinociception. Based upon the total number of writhes in
1 h time course, the inhibitory rate of 66.90% (n=7, P<0.01) was
achieved (Fig. 3B).

3.4. Effects of dI-THP on motor coordination ability

In the present study, we used Rota-Rod treadmill test to investi-
gate the possible effect of drug administration on motor coordination
ability in rats. Results showed that no significant difference in the
time spent on the treadmill among the tested groups (Table 1).

4. Discussion

In the present study, we compared the effects of ig. pre-
administration of dI-THP in three animal models of pain representing
both somatic and visceral origins. Moreover, the behavioral pheno-
types of pain symptoms and signs identified from the three animal
models can well represent complex state of inflammatory pain and
tissue injury. As consequences, first, we found that pre-treatment of
dI-THP could more effectively inhibit visceral persistent spontaneous
nociception induced by intraperitoneal injection of acetic acid than
somatic persistent spontaneous nociception induced by either BV or
formalin. Second, the drug is likely to produce more effectiveness
on supraspinally processed nociceptive behaviors than spinally medi-
ated nociceptive behaviors approved in both BV and formalin models,
implicating an action of THP at the supraspinal level. Third, for the somatic
origin of nociception and evoked pain hypersensitivity (hyperalgesia and
allodynia), pre-treatment of dI-THP produced more anti-hyperalgesic and
anti-allodynic effect (thermal and mechanical) than persistent nocicep-
tion. Finally, the antinociceptive and anti-hyperalgesic dose of the drug
did not produce any side effect on the motor coordination performance
tested by Rota Rod treadmill.

The unique behavioral ‘phenotypes’ of nociception and hypersensi-
tivity identified in the rodent BV model are believed to reflect a complex
pathological state of inflammatory pain that is appropriate to the study
of phenotype-based mechanisms of pain and hyperalgesia (Chen, 2003,
2007, 2008; Chen and Lariviere, 2010). In the BV-inflamed rats, five
symptom-based behavioral phenotypes can be identified: (1) immedi-
ate and long-term lasting tonic nociceptive behaviors displaying as
spontaneous flinching reflex of injured paw that has been known to
be mediated by spinally organized nociceptive reflex circuitry (You et
al, 2003a,b,c; You and Chen, 1999) or licking or lifting behaviors
assessed by nociceptive score that are mediated by supraspinal origins
of facilitation (Chen et al., 2003; Ren et al.,, 2008); (2) primary thermal
and mechanical hyperalgesia occurred in the BV injection site (Chen
et al.,, 1999; Chen and Chen, 2000, 2001); (3) secondary thermal hyper-
algesia occurred in the remote area surrounding the BV injection site
(Chen and Chen, 2000); and (4) the mirror-image heat hyperalgesia
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occurred in the symmetric area of the contralateral hind paw to the
BV injection site (Chen et al., 1999; Chen and Chen, 2000, 2001). As
for the neural mechanisms underlying different phenotypes of pain-
related behaviors and hyperalgesia or allodynia induced in the BV
model, different spinal and peripheral mechanisms have been proposed
based upon a series of experimental data collected in our and other
labs (Chen, 2003, 2007, 2008; for more details see review Chen and
Lariviere, 2010). Briefly, melittin, a major ingredient peptide of BV
(>50% in dry weight) has been demonstrated to be able to activate
and sensitize peripheral nociceptors by activation of transient receptor
potential vanilloid receptor 1 (TRPV1) by metabolites produced via
phospholipase A 2 (PLA2) - arachidonic acid (AA) - cyclooxygenases
(COX1 and COX2)/lipoxygenase (LOX) pathways (Chen and Lariviere,
2010; Du et al,, 2011). The activated nociceptors by melittin and other
substances give rise to persistent firing of action potentials that are con-
veyed by capsaicin-sensitive primary afferent fibers to the dorsal horn
of the spinal cord (Chen and Chen, 2001), leading to activation and sen-
sitization of central pain-related neurons (Li and Chen, 2004) that me-
diate persistent spontaneous nociception and hyperalgesia to both
thermal and mechanical stimuli in the primary injection site (Chen et
al., 2006). As for the mechanisms of the mirror-image heat hyperalgesia,
spinal segmental sensitization and descending facilitation originated
from the brain stem have been shown to be involved (Chen et al.,
2003; You et al., 2005). Collectively, the BV-induced pain and hyperal-
gesia involve both peripheral and central sensitization (Chen and
Lariviere, 2010). Similar to one feature of the BV model, s.c. forma-
lin can also produce a biphasic persistent nociception in rodents but
with less hyperalgesia or allodynia in the injection site or surrounding
area (Chen et al., 1998, 1999; You and Chen, 1999). It has been well
established that formalin-induced persistent nociception is mediated
by initial and long-lasting activation of primary C- and A fibers (Chen
and Koyama, 1996; Puig and Sorkin, 1996) via activation of cold noci-
ceptor TRPA1 (McNamara et al., 2007; Macpherson et al., 2007) and
thermal nociceptor TRPV1 (Tian et al., 2009) that lead to enhanced acti-
vation or sensitization of spinal pain-related neurons (Chen et al., 1996;
Chen and Koyama, 1998; You and Chen, 1999). Thus, both BV and for-
malin are likely to share at least in part the same peripheral mecha-
nisms mediated by TRPV1 and sensitization of spinal dorsal horn
pain-related neurons. Thus, dI-THP may produce antinociception
through actions at both peripheral and central sites. However, direct pe-
ripheral action of dI-THP is not likely because in the current survey it
produced more effective antinociception on the supraspinally-
mediated pain-related behaviors but not spinally-mediated paw
flinches induced in either BV or formalin test. As supporting evidence,
some previous reports suggested that THP produced analgesia through
blocking dopamine D2 receptors in the striatum and the arcuate nucle-
us of the hypothalamus, leading to activation of descending antinoci-
ceptive system from the midbrain periaqueductal gray (PAG) to the
rostral ventromedial medulla, and to the spinal dorsal horn where noci-
ceptive activities are suppressed (Hu and Jin, 1999a,b, 2000). Inhibition
of the mirror-image thermal hyperalgesia by dI-THP is also likely to
be produced through activation of supraspinal central site of the des-
cending antinociceptive system because the BV-induced descending
pain facilitation might be compromised by dI-THP-produced pre-
empted analgesia.

In the current study, we also demonstrated that dI-THP could par-
tially suppress the BV-induced primary thermal and mechanical
hyperalgesia. In one of our previous reports, it was demonstrated
that bilateral chemical lesions of anterior cingulate cortex (ACC)
resulted in a relief of both primary thermal and mechanical hyperal-
gesia, suggesting existence of a descending facilitation from the ACC
that exacerbates hyperalgesia in the injured area of the body. The
dI-THP-produced antihyperalgesic and antiallodynic effects might
be associated with blockade of the ACC-mediated descending pain fa-
cilitation system that remains unclear and requires to be further
studied.
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In the current study, the most striking finding was that pre-
treatment of dI-THP resulted in a more profound analgesia in the
acetic acid writhing test. It has been suggested that intraperitoneal in-
jection of acetic acid should produce inflammation of the wall of the
abdominal cavity and evoke a sustained writhing behavior caused
by visceral stimuli (Nakagawa et al., 2003). Because there has been
rare experimental data showing central sensitization at the spinal
cord dorsal horn when rats receiving intraperitoneal injection of
acetic acid, it is still unknown where dI-THP can act to produce
anti-visceral pain. Since it is well known that primary visceral noci-
ceptive afferent may project to the spinal dorsal horn and share the
same ascending pain pathways with the somatic system, inhibition
of the acetic acid-induced writhing responses by dI-THP is also likely
to be produced through activation of supraspinal central site of the
descending antinociceptive system as proposed above.

THP is a bioactive ingredient of Corydalis yanhusuo W.T. Wang
(TAC) which was shown to be able to suppress both phases of the
formalin-induced responses when administered through intragingi-
val route prior to establishment of inflammatory pain state (Wang
et al.,, 2010). Because TAC contains more than 100 compounds, the in-
hibitory effect of the total alkaloids of TAC on the formalin response
was probably caused by integrated actions of THP and some other in-
gredients. In the tail-flick test, I-THP was shown to increase tail-flick
latency in rats in a dose-dependent manner (Xu et al., 1982). Howev-
er, THP was not shown to be able to change the level of prostaglan-
dins (Zhang et al., 1986). The opioid receptors are not the molecular
targets of THP either because it does not have any affinity for any sub-
types of opioid receptors (Frussa-Filho et al, 1996). As proposed
above, the central dopaminergic systems may play an important
role in regulating nociception (Huang and Jin, 1992; Magnusson and
Fisher, 2000; Roane et al., 1998; Taylor et al., 2003). It has been
shown that I-THP is a non-selective antagonist of different dopamine
receptors (Guo et al., 1997; Hu and Jin, 1999a; Mantsch et al., 2007)
and that the D2 dopamine receptor is likely to be involved in antino-
ciceptive effects of THP through activation of descending antinocicep-
tive system aforementioned (Hu and Jin, 1999a,b, 2000; Xu et al.,
1989).

5. Conclusions

The current study evaluated the overall analgesic effect of dI-THP
in rats and provided scientific basis for its use in clinical therapies. It
is implicated that pharmacological pretreatment with dI-THP is able
to produce stronger analgesic effect on visceral nociception than so-
matic nociception. Pre-treatment of dI-THP is more beneficial to
supraspinally-processed behaviors of nociception and pain hypersen-
sitivity, but with less benefit to spinally-processed behaviors of
nociception.
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