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  In this study, we examined the antinociceptive effect of Cyperi rhizoma (CR) and Corydalis tuber 
(CT) extracts using a chronic constriction injury-induced neuropathic pain rat model. After the ligation 
of sciatic nerve, neuropathic pain behavior such as mechanical allodynia and thermal hyperalgesia 
were rapidly induced and maintained for 1 month. Repeated treatment of CR or CT (per oral, 10 or 
30 mg/kg, twice a day) was performed either in induction (day 0∼5) or maintenance (day 14∼19) 
period of neuropathic pain state. Treatment of CR or CT at doses of 30 mg/kg in the induction and 
maintenance periods significantly decreased the nerve injury-induced mechanical allodynia. In addition, 
CR and CT at doses of 10 or 30 mg/kg alleviated thermal heat hyperalgesia when they were treated 
in the maintenance period. Finally, CR or CT (30 mg/kg) treated during the induction period remark-
ably reduced the nerve injury-induced phosphorylation of NMDA receptor NR1 subunit (pNR1) in the 
spinal dorsal horn. Results of this study suggest that extracts from CR and CT may be useful to 
alleviate neuropathic pain.
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INTRODUCTION

  Traditionally, both of Cyperi rhizoma (CR, a root of 
Cyperus rotundus L.) and Corydalis tuber (CT, a root of 
Corydalis yanhusuo W.T. Wang) is well known as medicinal 
herbs [1] and recent pharmacological studies have revealed 
pharmacological actions of these substances [2-7]. CR has 
used to treat spasm, bowel and stomach disorder, candi-
diasis, malarial fever, psychotic disorders and several in-
flammatory diseases [3-5,8,9] and CT has used to treat 
pain, inflammation and gastrointestinal dysfunctions 
[2,6,7,10]. However more scientific approach is needed to 
reveal their pharmacological effect.
  Peripheral neuropathic pain can be induced by a trau-
matic and/or metabolic nerve injury and neuropathic pain 
patients commonly suffer from the spontaneous burning 

pain (causalgia), allodynia (pain sensation after innocuous 
stimuli) and hyperalgesia (enhanced pain sensation by nox-
ious stimuli) [11,12]. Existing treatments by using opioids, 
neurotransmitter reuptake inhibitors, and calcium channel 
blockers elicit an insufficient pain relief and side effects in-
cluding sedation, dependence, tolerance, and other neuro-
logical disorders have limited the use of these drugs [13]. 
Numerous studies have revealed that the neuropathic pain 
is evoked by a variety of pathological changes including cen-
tral and peripheral sensitization [14,15]. At the spinal cord 
level, N-methyl-D-aspartate (NMDA) receptor plays a ma-
jor role in the induction of central sensitization [16]. The 
NMDA receptor is an ionotropic receptor for a major ex-
citatory neurotransmitter, glutamate and composed of 
three related families of subunits NR1, NR2, and NR3 [17]. 
Among these subunits, NR1 is known to be essential for 
the functional NMDA receptor and phosphorylation of NR1 
subunit (pNR1) of spinal dorsal horn may be critical to pro-
duce pathological chronic pain [18,19].
  We designed this study to determine whether the repea-
ted treatment of CR or CT is able to inhibit neuropathic 
pain (i.e. mechanical allodynia and thermal hyperalgesia) 
using chronic constriction injury (CCI) model in rats [20]. 
Repeated treatment of CR or CT (per oral, 10 or 30 mg/kg, 
twice a day) was performed either in induction (day 0∼5) 
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or maintenance (day 14∼19) period after sciatic nerve liga-
tion. In addition, pNR1 expression of the spinal dorsal horn 
was analyzed by using immunohistochemistry and com-
puter-based image analysis technique to determine the an-
tinociceptive mechanism of CR and CT on CCI-induced neu-
ropathic pain in rats.

METHODS

Animals

  Male Sprague-Dawley rats (Samtako, Osan, Korea) wei-
ghing 200 to 250 g were used in this experiment. Food and 
water were supplied ad libitum and animals were kept in 
a 12-hour light-dark cycle. All surgical and experimental 
procedures were approved by the Animal Care and Use 
Committee at Chungnam National University and conform 
to NIH guidelines (NIH publication no. 86-23, revised 1985).

Induction of chronic constriction injury (CCI)

  A CCI of common sciatic nerve was performed according 
to the method as previously described [20]. Briefly rats 
were anesthetized with 3% isoflurane in a mixture of 
N2O/O2 gas. The right sciatic nerve was exposed at the 
mid-thigh level, and 4 loose ligatures of 4∼0 chromic gut 
were placed around the nerve with a 1.0 to 1.5 mm interval 
between each ligature. Sham rats received only surgical 
opening without nerve ligation. After surgery, animals were 
housed in clear plastic cages with a thick layer of sawdust 
bedding. 

Drugs

  Extracts from both CR and CT were purchased from the 
Plant Diversity Research Center at the Korea Research 
Institute of Bioscience & Biotechnology (Daejeon, Korea). 
CR or CT was immersed in ethanol and sonicated at 50oC 
for 7 days. Extracts were pressure-filtered by using non-flu-
orescence cotton, concentrated with a rotary evaporator and 
lyophilized for 24 h. Vehicle was prepared by the combina-
tion of dimethyl sulfoxide (DMSO, Sigma, St. Louis, MO, 
USA, 20%), polyethylene glycol 400 (PEG, Sigma, 50%), and 
sterile saline solution (30%). CR or CT at a dose of 10 or 
30 mg/kg was administered orally with a volume of 0.3 
ml/100 g body weight. As a positive control drug, pregabalin 
(Pfizer, Seoul, Korea) was used. Dose of pregabalin (30 
mg/kg) was selected by previous reports [21,22]. Oral treat-
ment of CR, CT and pregabalin was performed twice a day, 
either on postoperative day (POD) 0∼5 (induction period) 
or on POD 14∼19 (maintenance period) in a separated set 
of experiment and control animals received vehicle solution.

Behavioral assessments

  To obtain normal baseline values of withdrawal response 
to mechanical and heat stimuli, behavioral tests were per-
formed 1 day before CCI induction on all animals. Animals 
were randomly assigned to each drug-treatment group, and 
all subsequent behavioral testing was performed blindly. 
The number of paw withdrawal responses to normally in-
nocuous mechanical stimuli was measured by using a von 
Frey filament with a force of 2.0 g (North Coast Medical, 
Morgan Hill, CA, USA). Rats were placed on a metal mesh 

grid under a plastic chamber, and the von Frey filament 
was applied from underneath the metal mesh flooring to 
each hind paw. The von Frey filament was applied 10 times 
to each hind paw, and the number of paw withdrawal re-
sponses out of 10 was then counted. The results of mechan-
ical behavioral testing in each experimental animal were 
expressed as a percent withdrawal response frequency 
(PWF), which represented the percentage of paw with-
drawals out of the maximum of 10 as previously described 
[23,24]. To assess nociceptive responses to heat stimuli, we 
measured paw withdrawal response latency (PWL) by using 
the plantar paw-flick latency test as previously described 
[25]. Briefly rats were placed in a plastic chamber with a 
glass floor and were allowed to acclimatize for 10 min be-
fore testing. A radiant heat source was positioned under 
the glass floor beneath the hind paw to be tested, and with-
drawal latency was measured using a plantar analgesia 
meter (IITC Life Science Inc., Woodland Hills, CA, USA). 
The test was duplicated in the ipsilateral hind paw of each 
animal, and the mean withdrawal latency was calculated. 
Cutoff time in the absence of a response was set at 20 sec 
to prevent possible tissue damage.

Immunohistochemistry and imaging analysis for pNR1 
(ser897)

  Rats were euthanized at the endpoint of each drug treat-
ment (either 5 or 19 days after CCI surgery), and the L4∼
L6 segments of the spinal cord were removed for pNR1 
(ser897) immunohistochemistry at 5 or 19 days after CCI 
induction. Animals were deeply anesthetized with 5% iso-
flurane and then perfused transcardially with calcium-free 
Tyrode solution, followed by a fixative containing 4% paraf-
ormaldehyde and 0.2% picric acid in 0.1 M phosphate buffer 
(pH 6.9). The spinal cord was removed immediately, post- 
fixed at 4oC overnight in the same fixative, and then cry-
oprotected in 30% sucrose in phosphate-buffered saline (pH 
7.4) for 48 h. Frozen serial sections (40 μm) were cut 
through the lumbar L4∼L6 spinal cord using a cryostat 
(Microm, Walldorf, Germany). After elimination of endoge-
nous peroxidase activity with 0.3% hydrogen peroxide and 
preblocking with 3% normal goat serum in phosphate-buf-
fered saline, the free-floating sections were incubated in 
rabbit anti-pNR1 antibody (1：1,000, cat# 06∼641, Upstate 
Biotechnology, NY, USA) at 4oC for 48 h. To determine im-
munohistochemical method specificity, some sections were 
processed in an identical fashion, but without primary 
antibodies. The sections were subsequently processed using 
the avidin-biotin-peroxidase procedure previously described 
[26]. Finally visualization was performed using 3,3’-diami-
nobenzidine (Sigma) with 0.2% nickel chloride intensifica-
tion. The sections were examined under a bright-field mi-
croscope (Zeiss Axioscope; Hallbergmoos, Germany) at ×100 
to localize pNR1-immunoreactive (ir) neurons. For quanti-
tative analysis of pNR1-ir neurons, five spinal cord sections 
from the L4∼L6 lumbar spinal cord segments were ran-
domly selected from each animal and subsequently scan-
ned. Individual sections were digitized with 4,096 gray lev-
els using a cooled charge-coupled device camera (Micromax 
Kodak 1317; Princeton Instruments, Tucson, AZ, USA) con-
nected to a computer-assisted image analysis system 
(MetamorphⓇ, Molecular devices, USA). To maintain a con-
stant threshold for each image and to compensate for subtle 
variability of the immunostaining, we only counted neurons 
that were at least 70% darker than the average gray level 
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Fig. 1. Effect of Cyperi rhizoma (CR) on chronic constriction injury 
(CCI)-induced mechanical allodynia (MA) and thermal hyperalgesia 
(TH). CR at a dose of 30 mg/kg significantly reduced mechanical 
allodynia (A, B) when it was treated in the induction and main-
tenance phases. In a thermal hyperalgesia test, CR at doses of 10 
and 30 mg/kg increased the paw withdrawal latency in the main-
tenance phase (D), but not induction phase (C). Pregabalin (30 
mg/kg) was used as a positive control drug. Lines in each panel 
indicate the treatment period of CR or pregabalin. *p＜0.05 and 
**p＜0.01 control vs CR. #p＜0.05 and ##p＜0.01 control vs prega-
balin.

Fig. 2. Effect of Corydalis tuber (CT) on chronic constriction injury 
(CCI)-induced mechanical allodynia (MA) and thermal hyperalgesia 
(TH). CT at a dose of 30 mg/kg significantly reduced mechanical 
allodynia when it was treated in the induction and maintenance 
phases (A, B). In a thermal hyperalgesia test, CT at doses of 10 
and 30 mg/kg increased the paw withdrawal latency in the main-
tenance phase (D), but not induction phase (C). Pregabalin (30 
mg/kg) was used as a positive control drug. Lines in each panel 
indicate the treatment period of CT or pregabalin. *p＜0.05 and 
**p＜0.01 control vs CR. #p＜0.05 and ##p＜0.01 control vs prega-
balin.

of each image after background subtraction and shading 
correction. The microscope illumination and data acquis-
ition settings were fixed throughout the entire analysis 
procedure. The average number of pNR1-ir neurons per sec-
tion from each animal was obtained, and these values were 
averaged across each group and presented as group data. 
The expression of pNR1 was quantified in the following 
three dorsal horn regions: (1) the superficial dorsal horn 
(laminae I and II), (2) the nucleus proprius (laminae III 
and IV), and (3) the neck region (laminae V and VI). These 
regions were identified based on cytoarchitectonic criteria 
as defined by previous report [27]. All pNR1 quantitation 
procedures described above were performed blindly with re-
gard to the experimental condition of each animal.

Rota-rod test

  The rota-rod test is a commonly used screening procedure 
to detect motor incoordination and/or ataxia in rodents [28]. 
Using a rota-rod tester (SciTech Korea Inc., Seoul, Korea), 
rats were placed on a cylindrical platform (12 cm wide; 6 
cm diameter) suspended 33 cm above the bottom of the 
apparatus. Escape to either side was prevented by Plexiglas 
walls, and falls were cushioned by wood shaving bedding. 
After 3 days of acclimation period, rota-rod test has done 
before and at every 0, 30, 60 and 90 min after per oral 
treatment of test drugs. Spent time on a rotating rod 
(constant speed of 3 revolutions per minute) was measured 

at each time point and cut-off time for this test was 2 
minutes. As a positive control, combination of Zoletil (5 
mg/kg) and xylazine (0.75 mg/kg) was intraperitoneally 
treated.

Statistical analysis

  Data values were expressed as mean±SEM. The level of 
statistical significance was determined by unpaired Stu-
dent’s t-test for comparisons between two means, and by 
analysis of variance (ANOVA) followed by Dunnett’s test 
for multiple comparisons. Graphpad Prism (version 4.0, 
San Diego, CA, USA) was used to perform the statistical 
analysis and a value of p＜0.05 was considered statistically 
significant.

RESULTS

Antinociceptive effect of Cyperi rhizoma (CR) on 
neuropathic pain

  Chronic constriction injury significantly produced a typi-
cal neuropathic pain behavior such as mechanical allodynia 
and thermal hyperalgesia (Control in Fig. 1). These pain 
behaviors are rapidly induced just after the surgery and 
sustained for 1 month. As shown in Fig. 1A, 1B, high dose 
(30 mg/kg) of CR, but not low dose (10 mg/kg), significantly 
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Fig. 3. Effect of Cyperi rhizoma (CR) and Corydalis tuber (CT) on 
chronic constriction injury (CCI)-induced phosphorylation of NMDA 
receptor NR1 subunit (pNR1) in induction phase. The number of 
pNR-1 positive neurons was significantly increased by CCI surgery 
(B) as compared with Sham group (A). Treatment of CR or CT (30 
mg/kg) in the induction phase significantly reduced the number of 
pNR1-immunoreactive neurons both in superficial dorsal horn 
(SDH) and nucleus proprius (NP) as compared with that of control 
group (B). However, there is no statistically significant change in 
neck of dorsal horn (NECK) area. The pNR1 immunoreactivity was 
observed in Sham (A), control (B), CR (C) and CT (D)-treated 
groups. Panel (E) shows a diagram depicting the location of the 
different spinal cord regions analyzed in this study. Results of each 
group are represented in panel (F). Inserted panels show a 
magnified image of rectangles in panel A, B, C, and D, respectively.
The black arrow heads indicate representative pNR1 neurons. The 
number of animals is 3 in each group. Scale bar=200 μm. *p＜0.05 
and **p＜0.01 compared to control.

Fig. 4. Effect of Cyperi rhizoma (CR) and Corydalis tuber (CT) on 
chronic constriction injury (CCI)-induced phosphorylation of NMDA 
receptor NR1 subunit (pNR1) in maintenance phase. The number 
of pNR-1 positive neurons was significantly increased by CCI 
surgery (B) as compared with Sham group (A). Treatment of CR 
or CT (30 mg/kg) in the maintenance phase did not affect the 
chronic constriction injury-induced pNR1 in the superficial dorsal 
horn (SDH), nucleus proprius (NP) and neck of dorsal horn (NECK). 
The pNR1 immunoreactivity was observed in Sham (A), control (B), 
CR (C) and CT (D)-treated groups. Panel (E) shows a diagram 
depicting the location of the different spinal cord regions analyzed 
in this study. Results of each group are represented in panel (F). 
Inserted panels show a magnified image of rectangles in panel A, 
B, C, and D, respectively. The black arrow heads indicate 
representative pNR1 neurons. The number of animals is 3 in each 
group. Scale bar=200 μm.

reduced mechanical allodynia both in induction and main-
tenance phases. In the thermal hyperalgesia test, CR did 
not produce antinociceptive effect when it was treated in 
the induction phase (Fig. 1C). However, CR (10 and 30 
mg/kg) treated in the maintenance phase significantly alle-
viated nerve injury-associated thermal hyperalgesia (Fig. 
1D). Antinociceptive effect of CR on neuropathic pain was 
abolished after the discontinuation of treatment.

Antinociceptive effect of Corydalis tuber (CT) on 
neuropathic pain

  As shown in Fig. 2A and B, only high dose (30 mg/kg) 

of CT significantly decreased nerve injury-induced mechan-
ical allodynia both in the induction and maintenance 
phases. In the thermal hyperalgesia test, CT (10 and 30 
mg/kg) treated in the maintenance phase, but not induction 
phase, produced a significant antinociception (Fig. 2C and 
D). These CT-induced analgesic effects were abolished after 
the discontinuation of treatment.

Inhibitory effect of Cyperi rhizoma (CR) and Corydalis 
tuber (CT) on chronic constriction injury-induced phos-
phorylation of NMDA receptor NR1 subunit (pNR1)

  As compared with sham rats, CCI remarkably increased 
the number of pNR1-positive neurons as shown in Fig. 3 
and 4. When CR and CT (30 mg/kg) were treated in the 
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Fig. 5. Effect of Cyperi rhizoma (CR) and Corydalis tuber (CT) on 
motor function. Rota-rod test revealed that orally treated CR or 
CT did not affect normal motor function of rats. Positive control 
drug (Zoletil; 5 mg/kg and xylazine; 0.75 mg/kg, i.p.) significantly 
suppressed normal motor function. ***p＜0.001 compared to 
control. The number of animals is 3 in each group.

induction phase (POD 0-5), the number of pNR1 immunor-
eactive neurons was significantly decreased in the super-
ficial dorsal horn (SDH) and nucleus proprius (NP) as 
shown in Fig. 3. However, both CR and CT did not affect 
the chronic constriction injury-induced pNR1 in the neck 
of dorsal horn (NECK). This result indicates that CR and 
CT of induction period might have an antinociceptive effect 
on chronic constriction injury-induced neuropathic pain via 
the mediation of NMDA receptor NR1 subunit activity of 
spinal dorsal horn (i.e. SDH and NP). When CR or CT (30 
mg/kg) was treated in the maintenance phase (POD 14-19) 
of chronic constriction injury-induced neuropathic pain, 
they did not reduce the pNR1 expression in SDH, NP and 
NECK area as compared with that of control (Fig. 4).

Rota-rod test

  Per oral treatment of CR (30 mg/kg) or CT (30 mg/kg) 
did not affect normal motor function of rats as shown in 
Fig. 5. This result indicated that antinociceptive effect of 
CR and CT are not induced by possible sedative action. 
Intraperitoneal injection of anesthetic (Zoletil and xylazine) 
significantly suppressed normal motor function.

DISCUSSION

  In this study, we determined the antinociceptive effect 
of extracts from CR or CT using a CCI-induced neuropathic 
pain model in rats. When CR or CT was treated in the in-
duction period (POD 0-5) of neuropathic pain, high dose (30 
mg/kg, oral, twice a day) of CR or CT significantly alle-
viated the mechanical allodynia. In addition, they remark-
ably suppressed the chronic constriction injury-induced 
pNR1 expression of the spinal dorsal horn including SDH 
(laminae I and II) and NP (laminae III and IV). These re-
sults suggested that the antinociceptive effect of CR and 
CT against the nerve injury-induced pathological pain 
might be produced by the mediation of spinal NMDA re-
ceptor NR1 subunit activity. Since the phosphorylation of 
NMDA receptor have been accepted to play a critical role 
in the central sensitization which is one of the most im-
portant phenomena for neuropathic pain [11,18,19], results 
of this study indicated that the CR and CT might be good 
candidates as a new analgesic for the treatment of initial 

phase of neuropathic pain since a mechanical allodynia is 
the most disturbing symptom and decreases the quality of 
life of neuropathic pain patient. The antinociceptive effect 
of CR and CT at doses of 30 mg/kg on nerve injury-induced 
mechanical allodynia was also reproduced when they were 
treated in the maintenance period (POD 14-19). However, 
CR and CT treated in the maintenance period did not re-
duce the nerve injury-induced pNR1 expression of spinal 
dorsal horn as compared with that of control group. It is 
thought that higher dose than 30 mg/kg of CR and CT 
might be needed to suppress nerve injury-induced pNR1 
expression or other neuronal mechanisms were responsible 
for the antinociceptive action of CR and CT in this period.
  In addition to mechanical allodynia, thermal heat hyper-
algesia is another typical pain symptom of nerve in-
jury-induced neuropathic pain [29,30]. In neuropathic pain 
state, innocuous (i.e. non-noxious) touch stimulation can 
cause mechanical allodynia and thermal hyperalgesia is in-
duced by a noxious heat stimulus. These two typical pain 
behaviors seemed to be induced by a different neuronal 
mechanism. Activity of heat transducer receptors such as 
transient receptor potential vanilloid 1 (TRPV1) and TRPV2 
is known to be critical to induce thermal heat hyperalgesia 
[11,31]. Results of this study showed that the thermal hy-
peralgesia was rapidly induced just after the surgery and 
sustained for 1 month. When CR and CT were treated in 
the induction period of neuropathic pain, they did not pro-
duce any noticeable antinociceptive effect on thermal hy-
peralgesia. However, CR and CT at doses of 10 and 30 
mg/kg significantly alleviated thermal hyperalgesia during 
the maintenance phase, suggesting that CR and CT may 
be valuable to cure the thermal heat hyperalgesia after the 
development of neuropathic pain.
  Both CR and CT have been traditionally used to treat sev-
eral diseases as a medicinal herb because they had a sig-
nificant pharmacological effect. CR has used to treat spasm, 
bowel and stomach disorder, candidiasis, malarial fever, 
psychotic disorders and inflammatory diseases [3-5,8,9]. 
Recent reports have revealed that the water extract of CR 
produces a protective effect on 6-hydroxydopamine-induced 
neuronal toxicity [3] and modulates the immune function 
by the enhancing of Th1 and suppressing of Th2 lineage 
development [4]. Moreover, animal study has suggested 
that the CR may recover the mood disorder such as a de-
pression [5]. CT has used to treat pain, inflammation and 
gastrointestinal dysfunctions [2,6,7,10]. Traditionally, CT 
has been used to treat pain and recent report indicates that 
the CT modulates glycine-induced ion current of peri-
aqueductal gray neuron which is important to generate or 
mediate the descending pain modulatory system, suggest-
ing the main active site of CT may be a higher brain center 
[6]. In this study, all experimental animals showed a nor-
mal motor behavior, suggesting that CR and CT may not 
produce unwanted side effect such as sedation.
  In conclusion, we have demonstrated that the antinoci-
ceptive effect of CR and CT using a rat model of chronic 
constriction injury-induced neuropathic pain. Repeated 
treatment of CR or CT in the induction (POD 0-5) and 
maintenance (POD 14-19) periods significantly decreased 
the nerve injury-induced mechanical allodynia. In addition, 
CR or CT alleviated thermal heat hyperalgesia when they 
were treated in the maintenance period. Finally, CR or CT 
treated during the induction period remarkably reduced the 
nerve injury-induced pNR1 of spinal dorsal horn, suggest-
ing that the antinociceptive effect of CR and CT might be 
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produced by the mediation of NMDA receptor NR1 subunit 
activity. Results of this study suggest that the CR and CT 
may be useful to treat nerve injury-induced neuropathic 
pain.
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