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Observing Anti-inflammatory and Anti-nociceptive Activities
of Glycyrrhizin Through Regulating COX-2
and Pro-inflammatory Cytokines Expressions in Mice
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Abstract—The present study aimed to investigate the potential anti-inflammatory and anti-nociceptive
activities of glycyrrhizin (GL) in mice and to explore the possible related mechanisms. Xylene-induced
ear edema, carrageenan-induced paw edema and acetic acid-induced vascular permeability test were
used to investigate the anti-inflammatory activities of GL in mice. Anti-nociceptive effects of GL were
assessed by using acetic acid-induced writhing, hot plate test and formalin test, as well as evaluation of
spontaneous locomotor activity and motor performance. The mRNA expression of pro-inflammatory
cytokines (such as TNF-«, IL-6 and iNOS) and the protein expression of cyclooxygenase-2 (COX-2)
were explored by using real-time fluorogenic PCR and Western blot, respectively. The results showed
that GL significantly reduced xylene-induced ear edema, carrageenan-induced paw edema, and acetic
acid-induced vascular permeation. Additionally, GL significantly inhibited the nociceptions induced by
acetic acid and formalin. However, the nociceptions could not be decreased by GL in the hot plate test,
and GL did not affect spontaneous locomotor activity and motor performance. The expression levels of
TNF-«, IL-6, iNOS and COX-2 were significantly downregulated by GL. In conclusion, GL exerts
significant anti-inflammatory and analgesic activities by attenuating the expression levels of TNF-«, IL-
6, iNOS and COX-2.
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INTRODUCTION

Pain, which affects more than 20 % of the population
worldwide, is a major public health problem that dimin-
ishes quality of life, limits activity, and reduces functional
capacity. Pain is generally associated with inflammation
caused by tissue trauma, chemical stimuli, and infectious
agents. Inflammatory pain is primarily due to the sensiti-
zation of specific classes of nociceptive neurons by the
direct action of inflammatory mediators [1]. Extensive
studies have demonstrated that various pro-inflammatory
mediators, including tumor necrosis factor alpha (TNF-x),
interleukin-6 (IL-6), and nitric oxide (NO), play an impor-
tant role in inflammatory pain [2—4]. Additionally,
cyclooxygenase-2 (COX-2) contributes to the production
of prostaglandin E, (PGE,) [5], which is a major mediator
of inflammatory pain.
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While many analgesics and anti-inflammatory drugs
are currently available, there is some concern regarding
their side effects and low efficacy, making their clinical use
problematic. Therefore, the study of novel drugs with
greater efficacy and fewer side effects remains a goal of
researchers from universities and the pharmaceutical
industry.

Licorice, the root of Glycyrrhiza glabra, is one of the
oldest and most commonly used herbs in Chinese tradi-
tional medicine. Glycyrrhizin (GL), a major active constit-
uent isolated from licorice, possesses a variety of pharma-
cological activities, including anti-virus activity [6], anti-
hepatitis activity [7], and anti-inflammatory activity [8]. Of
note, GL is commonly used to treat patients with chronic
hepatitis [9]. However, no report has been published to
explore its effect on inflammatory pain.

Therefore, in the present study, we investigate the
anti-inflammatory and anti-nociceptive effects of GL and
explore the possible related mechanisms in experimental
models.

MATERIALS AND METHODS

Drugs and Chemicals

Glycyrrhizin (purity>93.0 %) was purchased from
Tokyo Chemical Industry Co. Ltd, Tokyo, Japan. Mor-
phine was provided by General Hospital of Ningxia Med-
ical University. Indometacin, carrageenan, and Evans blue
were purchased from Sigma-Aldrich, Steinheim. All com-
pounds were dissolved in normal saline. All other
chemicals were of analytical grade and obtained from
standard commercial suppliers. NS, indometacin
(10 mg/kg), and GL (40, 80, 160 mg/kg) were injected
intraperitoneally (i.p.) in an application volume of 0.1 ml/
10 g body weight. Morphine (10 mg/kg) was injected
subcutaneously (s.c.) in an application volume of 0.1 ml/
10 g body weight.

Animals

ICR mice weighing 18-22 g were provided by the
Experimental Animal Center of Ningxia Medical Univer-
sity (certificate number was SYXK Ningxia 2005-0001).
The mice were housed at 22-24 °C under 12-h light /12-h
dark cycles and provided food and water ad libitum. Each
animal was used only once in the experiment. The exper-
imental protocol was duly approved by the institutional
animal ethics committee of Ningxia Medical University.
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Evaluation of Anti-inflammatory Activity
Xylene-Induced Ear Edema Test

Male mice were divided into five groups of 10 ani-
mals each: vehicle, vehicle+indometacin (10 mg/kg, i.p.),
vehicle+GL (40 mg/kg, i.p.), vehicle+GL (80 mg/kg, i.p.),
and vehicle+GL (160 mg/kg, i.p.). Xylene-induced ear
edema in mice was initiated according to a method previ-
ously described by He et al. [10]. Briefly, each group was
pre-treated with the drugs. After 1 h, 20 pl of xylene was
administered to the inner surface of the right ear. After 1 h
of xylene application, all mice were sacrificed by cervical
dislocation and both ears were removed and weighed. The
inhibition was calculated as follows: %inhibition=(4
—B)x100/4, where A4 is the difference in ear weight
(control) and B is the difference in ear weight (test).

Acetic Acid-Induced Peritoneal Vascular Permeability Test

Male mice were divided into five groups of 10 ani-
mals each as for the xylene-induced ear edema test. The
peritoneal vascular permeability test was adapted from the
procedure described by Li ef al. [11]. Mice were treated
with the drugs. One hour later, each animal was given an
intraperitoneal injection of 0.7 % acetic acid (10 ml/kg)
following an intravenous injection of 0.5 % Evans blue
solution (10 ml/kg). After 20 min, all mice were sacrificed
by decapitation, and then, the pigment that had leaked into
the abdominal cavity of each mouse was rinsed three times
with a total of 5 ml normal saline solution. The recovered
wash solution was centrifuged at 3000 r/min for 10 min,
and the absorbance of the supernatant was measured at a
wavelength of 590 nm.

Carrageenan-Induced Paw Edema Test

Male mice were divided into six groups of 10 animals
each: control, vehicle, vehicle+indometacin (10 mg/kg,
i.p.), vehicle+GL (40 mg/kg, i.p.), vehicle+GL (80 mg/kg,
i.p.), and vehicle+GL (160 mg/kg, i.p.). The carrageenan-
induced paw edema test employed here was a slight mod-
ification of a previously described method [12]. Six groups
of mice were treated with the drugs by intraperitoneal
administration, respectively. After 1 h, 30 pul NS was
injected into the plantar side of the right hind paw of each
mouse of the control group and other five groups were
treated with 1 % carrageenan (30 pl) in the same region.
The paw volume was measured at 1-h interval for 5 h after
injection of carrageenan. In addition, the paw volume was
measured before administration of any drug as the basal
volume of the right hind paw. The paw edema degree is
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presented as the paw volume changes in relation to the
basal values.

Evaluation of Anti-nociceptive Activity
Acetic Acid-Induced Writhing Test

Male mice were divided into five groups of 10 ani-
mals each as for the xylene-induced ear edema test. The
method of Wang et al. [13] was used for this test. The
animals were pre-treated with the drugs 1 h before intra-
peritoneal administration of acetic acid (0.6 %, 10 ml/kg).
The number of constrictions, including abdominal muscle
contractions and hind paw extension, was recorded over a
period of 20 min, starting 5 min after the acetic acid
injection.

Hot Plate Test

Female mice were divided into five groups of 10
animals each: vehicle, vehicle+morphine (10 mg/kg,
s.c.), vehicle+GL (40 mg/kg, i.p.), vehicle+GL (80 mg/kg,
i.p.), and vehicle+GL (160 mg/kg, i.p.). Mice were treated
according to the methods described by Li ef al. [14] and
Ribeiro et al. [15]. Briefly, mice were placed twice in the
YLS-6A hot plate apparatus maintained at a temperature of
55+1 °C, separated by a 20-min interval. Only mice that
showed initial nociceptive responses within 5-30 s were
selected for the experiment. The latency, defined as the
reaction time of each mouse (licking of the hind paws or
jumping response) was recorded. Mice were treated with
NS (10 ml/kg, i.p.) and GL (40, 80, 160 mg/kg, i.p.) 1 h
before the test. Morphine (10 mg/kg, s.c.) was used as a
positive control drug, which was administered 30 min
before the experiment. The cutoff time was 60 s in order
to avoid paw lesions.

Formalin Test

Male mice were divided into six groups of 10 animals
each: vehicle, vehicle+morphine (10 mg/kg, s.c.),
vehicle+indometacin (10 mg/kg, i.p.), vehicle+GL
(40 mg/kg, i.p.), vehicle+GL (80 mg/kg, i.p.), vehicle+ GL
(160 mg/kg, i.p.). The test was performed as described by
Carballo-Villalobos et al. [16] and Khatun et al. [17]. Sixty
minutes after administration for the intraperitoneal route, or
30 min for the subcutaneous route, 2 % formalin (20 pl)
was injected subplantar into the right hind paw of each
mouse. The accumulated time spent in licking the injected
paw was taken as nociceptive response. Furthermore, the
nociceptive response was recorded from 0 to 5 min (early
phase, neurogenic pain) and 15-30 min (late phase,

inflammatory pain) after formalin injection. Morphine
and indometacin were used as reference controls.

Spontaneous Locomotor Activity Test

In the locomotor activity test [18, 19], male mice were
divided into four groups of 10 animals each: vehicle,
vehicle+GL (40 mg/kg, i.p.), vehicle+GL (80 mg/kg,
i.p.), and vehicle+GL (160 mg/kg, i.p.). Each group was
treated with the drugs 1 h before the test. Each animal was
observed for 5 min after a period of 2 min for acclimatiza-
tion in the YLS-1A spontaneous locomotor activity appa-
ratus. Spontanecous numbers were counted in the
experiment.

Motor Activity Test

Male mice were divided into four groups of 10 ani-
mals each as for the spontaneous locomotor activity test.
The effect of GL on motor coordination performance was
tested on the YLS-4C accelerating rota-rod apparatus as
described previously [20, 21]. The animals were acclima-
tized to the revolving drum by training them on different
occasions for 3 days before the experiment. Only the
animals that could stay on the rotating rod for more than
3 min were selected for the test. On the experimental day,
the mice were treated with the drugs, and 1 h later, they
were tested. The time required for the mice to stay on the
rota-rod was recorded, with a maximum cutoff of 5 min.

Real-Time Fluorogenic PCR Assays

After the carrageenan-induced paw edema test, paw
skin tissues were removed, and total RNA was extracted.
Total RNA was reverse-transcribed into cDNA by
TransScript One-Step gDNA Removal and cDNA Synthe-
sis SuperMix (TransGen Biotech, China) and analyzed by
quantitative real-time PCR (Bio-Rad, USA) with
TransStart TipTop Green qPCR SuperMix (TransGen Bio-
tech, China). Primers used for the real-time PCR analysis
were the following: TNF-« (forward): 5'-
CCACCATCAAGGACTCAAATG-3’, (reverse): 5'-
GAGACAGAGG CAACCTGACC-3'; IL-6 (forward):
5'-GGACCAAGACCATCCAATTC -3/, (reverse): 5'-
ACCACAGTGAGGAATGTCCA-3'; iNOS (forward):
5'-AGCCAAGCCCTCACCTACTT-3', (reverse): 5'-
CTCTGCCTATCCG TCTCGTC-3"; [3-actin (forward):
5'-GAGACCTTCAACACCCCAGC-3', (reverse): 5'-
ATGTCACGCACGATTTCCC -3'.
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Western Blot Analysis

Western blot analysis was done as previously de-
scribed [22]. Briefly, after the carrageenan-induced paw
edema test, the mice (n=6, for each group) were decapi-
tated and paw skin tissues were quickly collected. Total
proteins were extracted by using protein extraction kits
following the manufacturer’s instructions. Protein concen-
trations were determined using the BCA protein assay kit
(Thermo, USA). Protein samples (50 pg) were separated
by 10 % sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and then transferred onto a nitrocellulose mem-
brane. The membranes were incubated overnight at 4 °C
with the primary antibodies (COX-2, 1:1000, Cell Signal,
USA; B-actin, 1:1000, Proteintech Group, USA) and
washed with 5 % skimmed milk in TBST. Afterwards,
the membranes were treated with the secondary antibodies,
namely, goat anti-rabbit (1:3000, Proteintech Group, USA)
for 2 h at room temperature. Immunoreactive proteins were
detected with an enhanced chemiluminescence (ECL), and
the signals were quantified by densitometry with Quantity
One 1-D Analysis Software (Bio-Rad, USA).

Statistical Analysis

All values were expressed throughout as mean
+S.E.M. Statistical analysis was performed using a one-
way analysis of variance (ANOVA) followed by Tukey’s
multiple comparison tests. The analyses were carried out
using GraphPad Prism version 5.0 software. Values of
p<0.05 were considered to be statistically significant.

RESULTS

Evaluation of Anti-inflammatory Activity
Xylene-Induced Ear Edema Test

As shown in Fig. 1, GL at 40, 80, and 160 mg/kg
significantly decreased xylene-induced ear edema with
inhibitory rates of 23.25 % (p<0.05), 36.07 % (p<0.01),
and 55.67 % (p<0.01), respectively. Indometacin
(10 mg/kg), the reference drug, also manifested a signifi-
cantly diminished edema with an inhibition rate of 54.91 %
(p<0.01).

Acetic Acid-Induced Peritoneal Vascular Permeability Test

Effects of GL on peritoneal vascular permeability
induced by acetic acid have been shown in Fig. 2. The
administration of GL (80, 160 mg/kg) caused a
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Fig. 1. Anti-inflammatory effects of GL on xylene-induced ear edema in
mice. Mice received NS (10 ml/kg, i.p.), indometacin (10 mg/kg, i.p.), or
GL (40, 80, 160 mg/kg, i.p.) 1 h prior to xylene. The vehicle-treated
animals are xylene-induced inflammatory mice. Data are expressed as
the mean+S.E.M. of 10 animals for each group. *»<0.05 and **p<0.01
compared with the vehicle group.

significant reduction in the dye leakage compared with
the vehicle group (p<0.01), while there was no signif-
icant variation after giving GL (40 mg/kg) (p>0.05).
Indometacin (10 mg/kg) also reduced the dye leakage
significantly, similar to GL at the dose of 160 mg/kg
(»<0.01).
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Fig. 2. Anti-inflammatory effects of GL on acetic acid-induced vascular
permeability in mice. NS (10 ml/kg, i.p.), GL (40,80,160 mg/kg, i.p.), and
indometacin (10 mg/kg, i.p.) were administered 1 h before 0.7 % acetic
acid (10 ml/kg, i.p.), which was followed with 0.5 % Evans blue solution
(10 ml/kg, i.v.) for each mouse. The vehicle-treated animals are acetic acid-
induced inflammatory mice. Data are expressed as the mean+S.E.M. of 10
animals for each group. **p<0.01 compared with the vehicle group.
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Carrageenan-Induced Paw Edema Test

Figure 3 shows the swelling of mice paw increased
progressively and peaked at the third hour after carrageen-
an injection. When a GL dose of 160 mg/kg was given, the
inhibition ratios of edema at 1, 2, 3, 4, and 5 h were 65.00,
62.96, 71.85, 73.25, and 76.19 %, respectively, as com-
pared to the vehicle group (p<0.01). Indometacin
(10 mg/kg) inhibited the paw edema markedly through
the 5 h following the carrageenan injection.

Evaluation of Anti-nociceptive Activity

Acetic Acid-Induced Writhing Test

In the writhing test, Fig. 4 shows that GL at 80 and
160 mg/kg markedly decreased the number of writhes,
with the inhibition ratios of 35.51 % (p<0.01) and
54.16 % (p<0.01), respectively, when compared to the
vehicle group. However, the anti-nociceptive effect of GL
40 mg/kg was not significant (p>0.05). In comparison
with the vehicle group, indometacin at 10 mg/kg signifi-
cantly reduced the number of writhes (p<0.01) and the
inhibition ratio was 51.91 %.

Hot Plate Test

The effects of GL in the hot plate test are shown in
Fig. 5. In our test, GL (40, 80, 160 mg/kg) had no influence
on nociception (p>0.05), compared with the vehicle
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Fig. 4. Anti-nociceptive effects of GL on acetic acid-induced writhing
responses in mice. Animals were pre-treated with NS (10 ml/kg, i.p.),
indometacin (10 mg/kg, i.p.), or GL (40, 80, 160 mg/kg, i.p.) 1 h before
0.6 % acetic acid (10 ml/kg, i.p.). The vehicle-treated animals are acetic
acid-induced nociceptive mice. Data are expressed as the mean+S.E.M. of
10 animals for each group. **p<0.01 compared with the vehicle group.

group. In contrast, the positive drug morphine (10 mg/kg)
showed a notable anti-nociceptive effect (p<0.01).

Formalin Test

As shown in Fig. 6, the formalin test produced a
distinct biphasic pain response. In the first phase, only
morphine (10 mg/kg) significantly inhibited the biting

control
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Fig. 3. Anti-inflammatory effects of GL on carrageenan-induced paw edema in mice. NS (10 ml/kg, i.p.), indometacin (10 mg/kg, i.p.), and GL (40, 80,
160 mg/kg, i.p.) were administered 1 h before carrageenan injection. The vehicle-treated animals are carrageenan-induced inflammatory mice. Data are
expressed as the mean=S.E.M. of 10 animals for each group. *p<0.05 and **p<0.01 compared with the vehicle group; *»<0.01 compared with the control

group.
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Fig. 5. Anti-nociceptive effects of GL on reaction times to thermal stimuli
in mice. NS (10 ml/kg, i.p.) or GL (40, 80, 160 mg/kg, i.p.) was admin-
istered 1 h before thermal stimuli while morphine (10 mg/kg, s.c.) was a-
dministered 30 min before. The vehicle-treated animals are thermal
stimuli-induced nociceptive mice. Data are expressed as the mean
+S.E.M. of 10 animals for each group. **p<0.01 compared with the
vehicle group.
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and licking response, compared with the vehicle group. In
contrast, pre-treatment of animals with morphine
(10 mg/kg), indometacin (10 mg/kg), and GL (40, 80,
160 mg/kg) inhibited pain response markedly in the second
phase with the inhibition ratios of 99.21 % (p<0.01),
49.30 % (p<0.01), 28.30 % (p<0.05), 44.72 %
(»<0.01), and 61.63 %, respectively.

Spontaneous Locomotor Activity and Motor Activity Test

As seen in Fig. 7a-b, even after administration of GL
(40, 80, 160 mg/kg), both spontaneous locomotor activity
and rota-rod performance time were not significantly af-
fected (p>0.05), as compared with the vehicle group.
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Real-Time Fluorogenic PCR Assays

To further investigate the mechanisms of anti-
inflammatory effects of GL, the expression levels of major
cytokines found in carrageenan-induced paw skin tissue,
namely, TNF-«x, IL-6, and iNOS mRNA, were assessed.
The results showed that TNF-«, IL-6, and iNOS mRNA
expressions in vehicle group increased significantly as
compared with those of the control group (p<0.01). How-
ever, with GL 160 mg/kg treatment, the mRNA expression
levels of TNF-« (p<0.01), IL-6 (»<0.05), and iNOS
(p<0.05) were suppressed markedly, compared with those
of the vehicle group (Fig. 8a—c).

Western Blot Analysis

In our experiment, there was an increase in the ex-
pression of COX-2 in the vehicle group, compared with the
control group (p<0.01). When GL 160 mg/kg was given to
the mice, the protein expression level of COX-2 markedly
decreased, in comparison with the vehicle group (p<0.05)
(Fig. 9a, b).

DISCUSSION

Currently, available therapy for the management of
inflammatory pain is inadequate in most cases. Further-
more, the usual treatment drugs of inflammatory pain,
nonsteroidal anti-inflammatory drugs (NSAIDs), ultimate-
ly lead to severe toxicities including gastrointestinal ulcer-
ation, bronchospasm, and kidney dysfunction, when they
are used for long time. Therefore, the search for new and
safe drugs that effectively interfere with pain and inflam-
matory processes is urgently needed [23]. In our present

vehicle

2l vehicle+Mor(10mg/kg)
vehicle+Indo(10mg/kg)
vehicle+GL(40mg/kg)
3 vehicle+GL(80mg/kg)
J vehicle+GL(160mg/kg)

Fig. 6. Anti-nociceptive effects of GL on formalin-induced nociception in mice. NS (10 ml/kg, i.p.), indometacin (10 mg/kg, i.p.), or GL (40, 80, 160 mg/kg,
i.p.) was administered 1 h before the formalin (2 %, 20 ul) injection while morphine (10 mg/kg, s.c.) was administered 30 min before. The vehicle-treated
animals are formalin-induced nociceptive mice. Data are expressed as the mean+S.E.M. of 10 animals for each group. *p<0.05 and **p<0.01 compared

with the vehicle group.
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study, we evaluated the potential anti-inflammatory and
anti-nociceptive effects of glycyrrhizin using several phar-
macological tools.

The anti-inflammatory activities of GL were assessed
using xylene-induced ear edema test, carrageenan-induced
paw edema test, and acetic acid-induced vascular perme-
ability test. The xylene-induced ear edema in mice is a
preliminary and simple model for screening potential anti-
inflammatory drugs [10]. The results of xylene-induced ear
edema showed that GL had a significant anti-inflammatory
activity. To further demonstrate the anti-inflammatory

activity of GL, vascular permeability test and
carrageenan-induced paw edema test were performed. In-
creased vascular permeability is an early and major vascu-
lar event in the inflammatory response [24, 25]. The vas-
cular permeability induced by acetic acid causes an in-
crease in the peritoneal fluids of prostaglandin, serotonin,
and histamine. Our results showed that GL significantly
inhibited the acetic acid-induced increased vascular perme-
ability in mice. The carrageenan-induced paw edema is a
useful model to investigate the anti-inflammatory effect of
plant extracts and natural products [26]. Carrageenan-

a b \
< 2.5q <
4
r P4
£ 2.0 OE! 34 #
5 5 |
£ 1.5 *k p S
5 = £ 2- e .
T o ] e
@ 1.0 T .:-:-:-: ——
~ @ S
u? 0.5 © ﬁ. .
- . :
oo = S
LU= —— T T
control vehicle+GL control vehicle vehicie+GL
160mglkg 160mg/kg
- *
- I
e
o
e
u "]
B
Qe
e aa e e
control vehicle  vehicle+GL
160mg/kg

Fig. 8. Effects of GL on TNF-«, IL-6, and iNOS mRNA expression in carrageenan-induced mice paw edema tissue. a—¢ TNF-«, IL-6, and iNOS mRNA
expressions in paw edema tissue of mice were measured by quantitation real-time PCR. Mice were treated with NS (10 ml/kg, i.p.) or GL (160 mg/kg). Data
are expressed as the mean+S.E.M. of six animals for each group. *»<0.05 and **»p<0.01 compared with the vehicle group; *»<0.05 and *»<0.01

compared with the control group.
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induced inflammation consists of two phases [27]: the
early phase (first 2 h after carrageenan injection) is attrib-
uted to the release of pro-inflammatory mediators, such as
histamine and serotonin [28], and the second phase (3-5 h
after carrageenan injection) is mainly mediated by kinins,
prostaglandin, nitric oxide, cyclooxygenase [28], cyto-
kines, and neutrophil-derived free radicals [29]. In the
present study, we observed that GL caused significant
reduction of edema in the both phases, revealing that its
anti-inflammatory effect is most likely due to the inhibition
of different aspects and mediators of inflammation.
NF-kB is the main intracellular pathway involved in
the inflammatory response. Some studies demonstrated
that inflammatory cytokines (such as TNF-«, IL-6, and
iNOS) and inducible enzymes such as COX-2 are both
induced through the NF-kB pathway [30, 31]. Excess
amount of NO plays an important role in the aggravation
of inflammatory diseases; thus, NO production and iNOS
expression are considered pharmacologic targets for anti-
inflammatory drugs. TNF-o is considered a major initiator
of inflammatory responses, which play a vital role in
triggering the activation of other cytokines [32], and IL-6
is a pro-inflammatory cytokine, a potent mediator of in-
flammatory processes [33]. Additionally, some studies
demonstrated that various cytokine antagonists were able
to reduce inflammatory hyperalgesia, suggesting that cyto-
kine activation is an important step in the inflammatory
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processes [34]. In our study, the treatment with GL mark-
edly reduced the mRNA expression of TNF-«, IL-6, and
iNOS, which demonstrates that the anti-inflammatory ef-
fects of GL are likely due to the reduction in the mRNA
expression of TNF-c, IL-6, and iNOS.

As COX-2, an inducible cyclooxygenase isoform,
plays an important role in the inflammatory responses of
a number of inflammatory cells and tissues, inhibition of
COX-2 exerted potent anti-inflammatory effects. [35].
Therefore, the level of COX-2 protein expression was
further evaluated in our experiments. GL markedly
inhibited COX-2 expression in the carrageenan-induced
paw edema model. Thus, the results from this study indi-
cated that the anti-inflammatory effect of GL may be
associated with inhibiting COX-2 protein expression.

There is a connection between the nociception and the
inflammatory response. To estimate the analgesic property
of GL, the acetic acid-induced writhing test, the formalin-
induced hind paw licking test, and the hot plate test were
performed. The acetic acid-induced writhing in mice is the
most useful model for preliminary studies of analgesic
activity because of its high sensitivity [18]. Our results
demonstrated that GL could markedly reduce the number
of writhes, suggesting that GL possessed anti-nociceptive
effects. However, acetic acid-induced constriction is
regarded as a non-selective anti-nociceptive model [36].
Therefore, it is not possible to ascertain whether the anti-
nociception was the central or the peripheral effect by using
this test alone. The hot plate test is a well-validated model
for evaluating centrally acting analgesic drugs [37, 38].
The results of our hot plate test suggested that GL is not
a centrally acting analgesic. To ascertain whether the ef-
fects of GL were due to a peripheral mechanism, the
formalin test was performed. The formalin test, a valid
model for analgesic study in vivo, has been reported to
produce distinct biphasic pain response [39]. The early
phase (0 to 5 min) is associated with the activation of
nociceptive neurons by the direct action of formalin [40],
and the second phase (15 to 30 min) is thought to be an
inflammatory pain response involving the release of many
mediators such as histamine, serotonin, prostaglandins,
bradykinin, and cytokines [41]. Studies have shown that
drugs that act primarily on the central nervous system
inhibit both phases, while others that act peripherally, such
as anti-inflammatory and nonsteroidal agents, predomi-
nantly inhibit the second phase [15, 42]. In our study, GL
(similar to anti-inflammatory and nonsteroidal agents) only
suppressed the second phase of the formalin-induced
nociception, indicating that the analgesic effect of GL is
likely due to its peripheral anti-nociceptive mechanisms. It
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should be noted that GL affected neither the spontaneous
locomotor activity in mice nor the motor activity. These
results indicated the improbability of the anti-nociceptive
effect of GL being due to any degree of motor impairment
or sedation.

In conclusion, results of the present study indicated
that GL possessed anti-inflammatory and anti-nociceptive
effects. They also suggested that the mechanisms of anti-
inflammatory and anti-nociceptive effects of GL may be
attributed to the inhibition of expression levels of TNF-cx,
IL-6, iNOS, and COX-2. In addition, the anti-nociceptive
action of GL may be dependent on peripheral mechanisms.
Based on these results, GL may serve as a useful therapeu-
tic agent for the treatment of painful conditions and inflam-
matory diseases. However, the optimal therapeutic dose of
GL against inflammatory pain was not fully elucidated. A
major limitation of the present study is that the exact
mechanisms of GL against inflammatory pain have not
been identified and need further research.
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