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ABSTRACT

Antiinflammatory effect of roasted licorice extract on

typell collagen-induced arthritis

Chan Kwon Jeong, D.D.S., M.S.D.

Department of Oral Medicine/Dental Science,
The Graduate School, Yonsei university

(Directed by ProfJong-Hoon Choi, D.D.S., M.S.D., Ph.D.)

Licorice is an esteemed crude drug in both the Mrésd Occident that is originated
from the dried roots of sever@lycyrrhiza species. In Chinese traditional medicine, licorice
has been used in the treatment of various ailntramging from tuberculosis to peptic ulcers.
A recent study and my preliminary data showed #maiinflammatory activity of roasted
licorice extract (rLE) was more potent than thatiodrice extract (LE) in lipopolysaccharide
(LPS)-treated Raw264.7 murine macrophages andlRv@tetradecanoylphorbol 13-acetate-
treated mouse ear edema model. rLE showed moréitiotyi activity than LE on TPA-
induced mouse ear edema. To determine anti-actadtivity of LE and rLE, we investigated
their effects using a type Il collagen (Cll)-inddcarthritis (CIA) mouse model, which is a

useful model for studying inflammation, autoimmuaréhritis, cartilage destruction and bone



erosion. Oral administration of LE and rLE redudbdeé clinical arthritis score and paw
swelling in the CIA model, and inhibited joint sganarrowing and the histological arthritis,
representing the severity of synovial hyperplagiéiltration of inflammatory cells, pannus
formation and erosion of cartilage and bone. Oratlyninistered LE and rLE decreased the
serum levels of tumor necrosis factor (TNFgand interleukin (IL)-B, and down-regulated
matrix metalloproteinase (MMP)-3 expression in §sirCell proliferation by CII stimulation
and cytokine secretion by CIl or LPS stimulatiorreveuppressed in spleen cells isolated from
CIA mice orally administered with these extractsliVer and kidney tissues of CIA mice, the
increased malondialdehyde level was inhibited ahd tecreased antioxidant reduced
glutathione and catalase levels were recoveredrbly atiministration of LE and rLE. No
difference was between anti-arthritic activitiesldf and rLE. Taken together, both LE and

rLE have beneficial effects against arthritis imthg rheumatoid arthritis and osteoarthritis.

Key words: licorice, roasted licorice, collagendwced arthritis, TNFy, IL-15, MMP-3,

malondialdenyde, reduced glutathione, catalase
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[.INTRODUCTION

Human rheumatoid arthritis (RA) is an autoimmunsedse associated with painful joints
that affects about 1% of the population worldwideit for which no effective cure is
available(Lee DM and Weinblatt ME, 1995; Feldmann BDO1). It is chronic joint
inflammation causing hyperplasia of synovial tissaed structural damage to cartilage, bone,
and ligaments(Tak PEt al., 1997). Most autoimmune diseases involve the ldpweent of
autoimmunity to autologous proteins and have beexbgu for autoreactive T cells and
antibodies. The high incidences of anti-type lllagén (Cll) antibodies and Cll-specific T
cells indicate that Cll is one of the major autagens of human RA(Kim HY et al.,1999; Kim
WU et al., 2000). In particular, CIl has been considered pstential source of biomarkers in

osteoarthritis because Cll is the most abundartepreomponent of cartilage and relatively



specific for hyaline cartilage. Moreover, damageCid meshwork is a critical event in the
pathology of osteoarthritis(Henrotin Y et al., 2007

Rheumatoid synovial tissue is central to the pathegis of RA and represents
hyperplasia by the accumulation and proliferatibrinlammatory cells including B cells, T
cells, macrophages and synovial fibroblasts(TakePRl., 1997). Infiltrating immune cells
produce a variety of cytokines, predominantly tumecrosis factor (TNFy-and interleukin
(IL)-1p which play an important role in attracting andiaating other inflammatory cells and
the associated bone and cartilage damage(Feldmaginalll, 1997). Both cytokines affect an
imbalance between Thl and Th2 cells and stimulaeekpression of COX-2 and adhesion
molecules, the activation of leukocytes, the preidncof NO, IL-6, and chemokines, and the
synthesis of matrix metalloproteinases (MMPs)(Mulladner U et al., 1997).

Human temporomandibular joint (TMJ) disorders dfgsss a low-inflammotory arthritic
disorder. The most common joint pathology affecting TMJ is degenerative joint diseases,
known as osteoarthrosis and osteoarthritis (OA)gKkarE et al., 1997). However, the ratio of
TMJ involvement in RA has changed from 4.7 to 84P4different studies depending on the
use of different criteria for clinical and radiologl evaluation(Goupille P et al., 1990;
Goupille P et al., 1992; Bayar N et al., 2002; Vadegt al., 2003; Celiker R et al., 1995). The
pathological process is characterized by detei@mraand abrasion of articular cartilage and
local thickening and remodeling of the underlyiranb. In chondrocytes of articular cartilage,
osteoarthritic cartilage and mandibular condylartilege of mechanically induced TMJ-
osteoarthrosis, vascular endothelial growth faQiiEGF) expression increased(Forsythe JA
et al.,, 1996; Wong M et al., 2003; Tanaka E et20Q5), and VEGF controls the production
of MMPs and tissue inhibitor of MMPs (TIMPs)(PufeeTal., 2004). Reduction of TIMPs and
induction of MMPs result in degradation of extrdg@r matrix components, such as
collagens and proteoglycans, leading to cartilaggrdction. In addition, VEGF expression in

synovial tissues and the TMJ disc is involved ia tevelopment of inflammatory changes in



the TMJ as a reaction to the cytokines(Leonardt Bl.e 2003; Sato J et al., 2003). Of these
cytokines, TNFa and IL-1 and IL-6, play critical roles in the pagenesis of osteoarthrosis,
like RA. With overloading, the increase in intrdieular pressure, when it exceeds the
capillary perfusion pressure, will cause temporamgpoxia, which is corrected by re-
oxygenation on cessation of degradation by theloading. This hypoxia-reperfusion cycle
has been reported to release reactive oxidativiealesbecies non-enzymatically(Grootveld M
et al., 1991). The produced reactive oxidative galdspecies in synovial joints resulted in
inhibition of the biosynthesis and degradation ofalbronic acid. Furthermore, the
degradation of hyaluronic acid may lead to caréldgstruction by the enhanced expression of
MMPs.

Available therapies currently used to treat RA based on immunosuppressive agents
that inhibit the inflammatory component of RA, amalve the potential to delay cartilage and
bone damage(Finckh A et al., 2006), Non-steroidati-iaflammatory drugs (NSAIDs),
disease-modifying antirheumatic drugs (DMARDs) aradticosteroids are widely used to
have multiple effects including normalization ofetimmune system and reduction of
inflammatory mediators(Smolen JS et al., 2003; iesmh NK et al., 1996). However, these
drugs are undesirable for the continued treatmentzrevent joint damage because of poor
efficacy, delayed onset of action, long-term siffeats and toxicity(Scott DL et al., 2005).

In the present study, | found that roasted licor@eract (rLE) showed more potent
inhibition than licorice extract (LE) in ear edemfmice treated with phorbol ester, which
induces acute inflammation representing the ine@dNFa and IL-13( Lee DY et al., 2008).
Furthermore, | investigated the anti-arthritic effeof LE and rLE using a Cll-induced mouse
arthritis model, which has been widely accepted waalid animal model of human rheumatoid

arthritis(Cho YG et al., 2007).



II. MATERIALSAND METHODS

1. Reagents

LE and rLE were generously provided by Professoigddan Yoon Park at Department
of Food Science and Nutrition, Hallym Universityhi@chon, Korea). Kits for enzyme-linked
immunosorbent assay (ELISA) of TNFand IL-13 were purchased from R&D systems
(Minneapolis, MN, USA). 5-Bromo-2’-deoxy-uridine @U) cell proliferation ELISA kit was
obtained from Roche Diagnostics (Mannheim, Germar@ypat polyclonal anti-MMP-3
antibodies and normal mouse immunoglobulin G (lg@&ye purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). The Polink-RIP goat for 3,3-diaminobenzidine
(DAB) kit, consisting of polymeric horseradish peiase (HRP)-linked anti-goat antibody,
chromogen and substrate, was obtained from Liferieel Division (Mukilteo, WA, USA).
Bovine collagen type Il (Cll), complete Freund'sjiagnt (CFA) and incomplete Freund’s
adjuvant (IFA) were obtained from Chondrex (Redmow, USA). Harris's hematoxylin
was purchased from Merck (Darmstadt, Germany). Bicenchoninic acid (BCA) protein
assay kit was obtained from Pierce (Rockford, IISA). RPMI 1640 medium, Dulbecco’s
modified Eagle’s medium (DMEM), fetal bovine serdfBS), antibiotic-antimycotic mixture
containing penicillin and streptomycin, and phogpHauffered saline (PBS) were obtained
from Gibco BRL (Gaithersburg, MD, USA). X2-tetradecanoylphorbol-13-acetate (TPA),
dimethyl sulfoxide, bovine serum albumin (BSA), i@os Mayer's hematoxylin,
lipopolysaccharide (LPS) fronfescherichia coli, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), phenylmethylsulfonylfiiide (PMSF), sodium dodesyl sulfate
(SDS), thiobarbituric acid (TBA), sulfanilamide, ifon X-100, 2-mercaptoethanol, N-(1-
naphtyl) ethylenediamine dihydrochloride, red blamdl (RBC) lysing buffer, and all other

chemicals were purchased from Sigma Chemical L{flis, MO, USA).



2. Animals

Female ICR mice (5 weeks old) for a mouse ear edesteand male DBA/1J mice (7-9
weeks old) for collagen-induced arthritis (CIA) dyuwere obtained from Central Lab. Animal
(Seoul, Korea) and the Jackson Laborat@gr(Harbor, ME,USA), respectively. All mice
were permitted free access to a normal standard cliet (Daejong Inc., Seoul, Korea) and
tap water, and housed under conditions of 20-2®ith a relative humidity of 55 + 5% and a
12-h light/12-dark cycle. Animal studies were coctéal in accordance with the guidelines

and regulations for the use and care of anima¥ooéei University, Seoul, Korea.

3. TPA-induced mouse ear edema test

The right ear of each male ICR mouse (5 per grovgre topically treated with various
doses of LE and rLE in 5l of vehicle (DMSO-acetone: 15-85, v/v) 30 min prio the
application of 5 nmol TPA in 50l vehicle. The left ears were treated with vehalene. The
control group received vehicle only on both eamirFhours later, the mice were sacrificed by
cervical dislocation, and the ears were removedghiRand left ear punches 6 mm in diameter
were taken from each mouse. Edema was indicatéldeaiscrease in weight of the right ear

punch over that of the left.

4. Induction of CIA and administration of extracts

DBA/1J mice were intradermally injected with 109 CII emulsified in CFA (1:1, w/v)
to the tail base. On day 21, all mice were boobtedn intradermal injection with 1Qdy CllI
in IFA (1:1, w/v). CIA mice were divided into thrggoup, each containing 5 mice, and were

orally administered with vehicle (PBS containing BMSO), LE or rLE (10 mg/kg body



weight) once daily from day 25 to day 45, respetdjivNormal group was neither immunized

with Cll nor treated with extracts.

5. Assessment of CIA severity

The development of arthritis was evaluated by negwpic scoring system and swelling
of paws every other day from day 25 to day 45. Baslling was assessed by measuring the
thickness of two hind paws with an electric digitaliper. The clinical scoring system was
classified as follows: 0, no signs of arthritis;slyelling and/or redness in only one joint; 2,
swelling and/or redness in more than one joingv&lling and/or redness in the entire paw; 4,
deformity and/or ankylosis. The macroscopic arnthiscore of each mouse was presented as
the sum of the each score of the four limbs, thgimam score being 16. On day 45, all mice
were sacrificed by anesthesia after serum collectithen, hind paws and knee joints for
histological examination, spleens for measuremédntytokine production, and livers and

kidneys for detection of oxidative stress wereeaxitd after

6. Histopathologic and immunohistochemical analysis

The joints from control and CIA mice were fixed 19% buffered formalin solution,
decalcified with Calci-Clear Rapid (National Diagtios, Atlanta, GA, USA), embedded in
paraffin, and longitudinally cut into pm serial sections. The sections were then staintd w
hematoxylin and eosin. Histological evaluation wasformed independently and blindly
using the scoring system as follows: 0, no inflarioma 1, hyperplasia of the synovial tissue;
2, infiltration of the inflammatory cells; 3, parmdormation and erosion of cartilage; 4,
extensive erosion of cartilage and bone.

The sections were incubated with 3%CH in absolute methanol for 10 min at room

temperature, followed by incubation with 3% BSARBS for 30 min. Tissue sections were



incubated for 2 h with goat polyclonal anti-MMP-3tibody. For the negative control staining,
normal mouse IgG was used instead of the primatipaay. After washing three times with
PBS containing 0.05% Twin-20, the sections weraliated with polymeric HRP-linked anti-
goat antibody at room temperature for 20 min, ahentreacted with 0.02% DAB as

chromogen. All sections were counterstained witmai@xylin.

7. Preparation of single-cell suspensions from spleens

Spleens were removed from the control and CIA r{icper group) to prepare single-cell
suspensions. The spleen tissues were washed WitiP&S and dissociated into a single-cell
suspension using cell strainers. The red blood aedire lysed with RBC lysing buffer and
single-cell suspensions were then washed threestimiln PBS. Suspensions of spleen cells
were cultured with RPMI 1640 medium containing ol 2-mercaptoethanol, 100 U/ml

penicillin, 100pg/ml streptomycin, and 10% FBS and counted by hgtoateter.

8. Measurement of cytokine levels in blood serum and conditioned

medium of spleen cells

Blood samples were collected from all mice by thed@c punctures before sacrificing
mice on day 45. Blood was clotted for 2 h at roemperature, and centrifuged at 2,000 x g
for 20 min at 4C to obtain serum. Single-cell suspensions weresteljuto at a density of
2x10 cells/well, and added in triplicate into a 24-welate. The cells were then stimulated
with 50 pg/ml denatured-CIl or mug/ml LPS for 48 h at 37C in a 5 % CG-humidified
atmosphere. The conditioned media were collectéé. [&vels of TNFe and IL-18 in blood
serum and the conditioned medium of spleen celle wesayed using commercially available

ELIZA kits according to manufacturer’s protocolsspectively.



9. Spleen cell proliferation assay

Spleen single-cell suspensions (2xtells/well) were added into a 96-well plate, and
stimulated with 5Qug/ml denatured-Cll for 72 h at 3¢  in 5@, humidified atmosphere.
Cell proliferation was measured using a BrdU cetlliferation ELISA kit in accordance with

manufacturer’s protocol.

10. Preparation of tissue homogenates

The isolated liver and kidney tissues were immetifatvashed with ice-cold saline to
remove the blood. Tissues (100 mg) were homogernizddml cold 1.15% KCI buffer (pH
7.4) containing 100 mM PMSF, and then centrifugedB@0 x g for 10 min at €. The
supernatants were collected to determine the lesElmalondialdehyde (MDA), reduced
glutathione (GSH) and catalase, an antioxidant mezyTotal protein concentrations were
measured using the bicinchoninic acid (BCA) protessay kit (Pierce, Rockford, IL, USA)

and BSA was used as a standard.

11. Deter mination of lipid peroxidation

MDA levels in liver and kidney tissues were meadur@s an indicator of lipid
peroxidation as previously described. 0.2 ml homates were added to the reaction mixture
containing 0.2 ml 8.1% SDS, 1.5 ml 20% acetic dpid 3.5), 1.5 ml 0.8% TBA, and distilled
water. The mixture (4.0 ml) was incubated for 1t B%C, cooled with tap water, mixed with
5 ml n-butyl alcohol-pyridine (15:1, v/v), and then cefutged at 4,000 rpm for 10 min. The
absorbance or the organic layer was measured at fB32using a spectrophotometer
(Amersham Pharmacia Biotech Inc., Piscataway, NbAJJA standard curve was established
using 1,1,3,3-tetramethoxypropane to calculateMiBA levels in homogenates, and MDA

level was expressed as nmol /mg protein.



12. Deter mination of GSH level

To determine GSH level, 0.1 ml homogenates was amxi¢h 50 pul 5% 5-sulfasalicylic
acid buffer, incubated for 10 min a4 , and thentgfiged at 0,000 x g for 10 min. 1@l
supernatant was added 1plOreaction mixture, consisting of 100 mM potassiphosphate
buffer (pH 7.0), 1 mM EDTA, 1.5 mg/ml DTNB and 6itiml glutathione reductase. The
mixture was incubated for 5 min at room temperatur@ 50ul 0.16 mg/ml NADPH was then
added to the mixture to start the reaction. Absacbawas immediately measured using a

spectrophotometer and GSH level was expressed als/mg protein.

13. Catalase activity

To determination of CAT activity, homogenates wadged to an equal volume of 50
mM potassium phosphate buffer (pH 7.0) containimdMLEDTA, and centrifuged at 10,000 x
g for 15 min. 2Qul supernatant was mixed with 0.1ml 100 mM potassalmosphate (pH 7.0),
30 pl methanol, and 2@l 0.035M HO, to initiate the reaction. After 20 min of inculmati at
room temperature, 30l 10 M KOH was added to each mixture to termindte teaction,
followed by the addition of 3@l 3.4 mM Purpald (chromogen) in 0.5M hydrochloricich
The mixture was incubated by shaking for 10 minr@m temperature. 1@l 13 mM
potassium periodate was added and incubated agaib fmin at room temperature. The
absorbance was measured at 540 nm in a microglater (Bio-Rad, Hercules, CA, USA). A
standard curve was established using formaldehgdeCAT activity was expressed as units
(U/mg protein). One unit (U) of CAT was definedthe amount of enzyme that results in the

formation of 1 nmol of formaldehyde per min at@5



14. Statistical analysis

Data were expressed as mean * standard deviatib)py ¢hd analyzed via One-way
ANOVA with multiple comparisons followed by Studentest. P values less than 0.05 were

considered to be statistically significant.

10



1. RESULTS

1. Effectsof LE and rLE on TPA-induced mouse ear edema

To evaluate the inhibitory activity of LE and rLEB @ PA-induced acute inflammation,
topically applied TPA for 4 h substantially causeal edema, and pretreatment with these
extracts 30 min prior to TPA application suppresseduse ear edema in a dose-related

manner, as shown in Figure 1. rLE showed more paigtivity than LE at the same doses.

10
8
=
5]
=
=5
2 6
&b
£
E 4
oo
&
=
2
0
TPA (5 nmol/ear) - + + + + +
Extracts (mg/ear) - - 1.0 2.0 1.0 2.0

LE rLE

Figure 1. Inhibitory effects of LE and rLE on TPA-induced nsguear edema. The right ear
of each male ICR mouse was topically treated withihdicated doses of LE and rLE in 50
ul of vehicle (DMSO-acetone: 15-85, v/v) 30 min prio the application of 5 nmol TPA in
50 pl vehicle. The left ears were treated with vehialene. Four hours later, edema was
measured as the increase in the weight of the dghtpunch over that of the left. Data are
expressed as means S.E of 5 mice per group. Experiments were repedteide

independently. P <0.001versus TPA alone-treated group.
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2. Effectsof LE and rLE on progression of CIA in mice

DBA/1J mice were immunized with CII/CFA, and themosted with CII in IFA on day
21 after primary immunization. The mice were oralyministered with LE and rLE once
daily from day 25, when the first clinical signs difease, such as redness or swelling, were
begin to observe. The administration of LE and dtEL0 mg/kg BW to the immunized mice
significantly reduced the progression of arthriéied also inhibited the increase in paw
swelling as compared to the vehicle-treated immaahimice (Figure 2). LE and rLE did not

show the significant difference in their inhibitiom CIA induction.

A. B
12 31 ¢
—m— Vehicle ~®— Vehicle
10 | —e LE10mg/kg 3.0 | —+ LE10mgkg
LE 10mg/k —— rLE 10mg/kg
I m; =
@ -+ e E 29 | —e— Normal
o 8 g
S s
3 z 28 |
— [
= = 27
-1 =}
g ! E e |
g g 26
I '
25 %
0 | | | | | | | | L ] 2.4 | 1 | | 1 | | 1 | ]
25 27 29 31 33 35 37 39 41 43 45 25 27 29 31 33 35 37 39 41 43 45
Days after immunization Days after immunization

Figure 2. Effects of LE and rLE on progression of CIA inami LE and rLE at 10 mg/kg were
orally administered to the mice immunized with GHce daily from day 25 to day 45. The
severity of arthritis was evaluated by clinicalhaitis score (A) and hind paw thickness (B).

Data are expressed as mean+SEM of 5 mice per grBup.0.05versus vehicle-treated CIA

group
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3. Effects of LE and rLE on the histopathological changes in the

joints of CIA mice

In order to investigate the effect of LE and rLE thve histopathological changes, the
ankle and knee joint tissues of mice were staingt ematoxylin and eosin. As shown in
Figure 3A, histological examination of the jointstbe vehicle-treated mice revealed marked
pathologic changes, including CIlA-characteristicn®yial hyperplasia, infiltration of
inflammatory cells into the joint cavity, and exsare pannus formation. The destruction of
articular cartilage and subchondral bone was olesem the tissues of vehicle-treated CIA
mice as compared with the joints of normal micemB@antitative analysis of the
histopathological features by scoring on a scaleOgf was indicated in Figure 3B.
Pathological events demonstrated in vehicle-tre&@kd mice were substantially reduced in

the joints of LE- and rLE-treated mice.
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Figure 3. Effects of LE and rLE on the histopathologicaanfes in the joints of CIA mice. A.
Histopathological features were examined on H&Hnrsid joint tissues from normal and CIA
mice treated with vehicle, LE, or rLE (A). Histopatogic findings was quantified by scoring
evaluated on a 0-4 scale as described in Matesiads methods (B). Data is expressed as

mean+SEM of 5 mice per groupP < 0.05versus vehicle-treated CIA mice.

4. Effects of LE and rLE on TNF-a and IL-1p levels in serum of

CIA mice

To investigate effect of LE and rLE on the prodomtiof pro-inflammatory cytokines
closely linked to joint inflammation and arthrifisogression, | measured levels of TMRB&nd
IL-1B in the sera of normal and CIA mice treated withigke, LE or rLE on day 45. While
the levels of TNFe and IL-13 were significantly increased in the sera of vehickated CIA
mice, orally administrated LE and rLE lowered Ci#duced levels of serum TNiand IL-13
(Figure 4). No significant differences in serum disv of these cytokines were detected

between LE-treated and rLE-treated mice. Thesdtsesuggest that the inhibitory effects LE

14



and rLE on CIA severity is closely related to tleeluced cytokine levels in mice treated with

these extracts.
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Figure 4. Effects of LE and rLE on the serum levels of Tind IL-18 in CIA mice. The
serum levels of TNF (A) and IL-13 (B) were measured by ELISA assay on 45 day. Data a
expressed as mean+SEM of 5 mice per gréup.< 0.01versus normal mice,” P < 0.01

versus vehicle-treated mice.

5. Effectsof LE and rLE on MMP-3 expression in the joints of CIA

mice

| examined whether treatment with LE and rLE cowdduce the expression of MMP-3
which is considered to be a key factor in the plaiioal destruction of cartilage.
Immunohistochemical analysis for MMP-3 was perfodnie the knee joint sections obtained
from the normal and vehicle or extracts-treated @ise. The knee joint specimens from

vehicle-treated CIA mice were strongly stained NvIP-3 at localization of chondrocytes in
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inflammatory articular cartilage (Figure. 5). Innt@st, positive staining for MMP-3 was

reduced in joint tissue sections of CIA mice trdatéth LE and rLE.
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Figure 5. Effects of LE and rLE on MMP-3 expression in tbits of CIA mice. On day 45,
knee joint tissues of normal and vehicle, LE or #t€ated CIA mice were collected and

subjected to immunohistochemical staining for MMP-3

6. Effects of LE and rLE on pro-inflammatory immune response in

spleen cellsof CIA mice

The spleen is significantly enlarged in CIA mice asnpared with normal mice. Re-
stimulation of collagen triggers exacerbated immuesponse in spleen of CIA mice. To
determine whether treatment with LE and rLE affdatell-mediated immunity to collagén
vivo, | first investigated their effects on Cll-specifproliferation of spleen cells from CIA
mice treated with vehicle or extracts on day 4% Ploliferation of spleen cells from vehicle-

treated CIA mice was increased by stimulation v@ih for 72 h, but spleen cells from LE-
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and rLE-treated CIA mice exhibited significantlysgeproliferation than those from vehicle-
treated CIA mice (Figure. 6).

Next, | examined ClI- and LPS-induced cytokine levia spleen cells from CIA mice
treated with vehicle, LE and rLE. The secretiol biF-a and IL-13 was elevated in both CII-
and LPS-stimulated spleen cells of vehicle-tre&iédl mice, but were reduced in stimulated

spleen cells of LE-or rLE-treated CIA mice (Figure.

18 # B Medium
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1.4 +
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The incorporated BrdU (A )

02

Normal Vehicle LE rLE

Figure 6. In vitro Cll-stimulated proliferation of spleen cells froBIA mice treated with
vehicle, LE or rLE. Single-cell suspensions frontesps were obtained from normal and CIA
mice treated with vehicle, LE or rLE on day 45, amelre then stimulated with 58y/ml ClI

for 72 h. Cell proliferation was determined usingdB cell proliferation ELISA kit. Data is
expressed as mean+SEM of 3 mice per gréup.< 0.01versus normal mice,” P < 0.01
versus vehicle-treated CIA mice.
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Figure 7. Cytokine production in Cll- or LPS-stimulated aph cells from CIA mice treated
with vehicle, LE or rLE. Single-cell suspensiongnr spleens of normal and CIA mice treated
with vehicle, LE or rLE, and were then stimulateidhwb0 pg/ml Cll or 5pg/ml LPS for 48 h.
The levels of TNFe (A) and IL-13 (B) in conditioned media were measured using each
specific ELISA kit. Data is expressed as mean+SHEM mice per group? P < 0.01versus

normal mice, P < 0.01versus vehicle-treated CIA mice.

7. Effectsof LE and rLE on tissue oxidative damagesin CIA mice

To study effects of LE and rLE on oxidative damag€lA, MDA level as an indicator
of lipid peroxidation and GSH content were meastretiomogenates of liver and kidney
tissues from normal and CIA mice treated with vihitE or rLE. MDA levels were elevated
in liver and kidney tissues of vehicle-treated Gi¥ice, but inhibited in those of LE or rLE-
treated CIA mice (Figure 8A). In addition, the demsed tissue GSH (Figure 8B) levels and
catalase activities (Figure 8C) in vehicle-trea®4 mice recovered by oral administration of
LE or rLE. Thus, LE and rLE treatment may protegaiast oxidative damages in tissues of

CIA mice.
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Figure 8. Effects of LE and rLE on oxidative damages iretiand kidney tissues of CIA mice.
Liver and kidney tissues were removed from normad all CIA mice on day 45, and
homogenized in 1.15% KCI buffer. MDA (A) and GSBI) (evels, and catalase activity (C)
were determined as described in Materials and ndstHdata is expressed as mean + SEM of

5 mice per groug’ P < 0.01versus normal mice, P < 0.05versus vehicle-treated mice.
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IV. DISCUSSION

The present study was designed to determine ahtitar activity of LE and rLE. |
investigated arthritis score, paw swelling, theelewof inflammatory cytokines in serum and
spleen cells, the proliferation of immune cellstbpathological changes, and tissue oxidative
damages in CIA mice with or without oral adminifia of extracts.

Licorice is an esteemed crude drug in both the résd Occident that is originated
from the dried roots of sever@lycyrrhiza species(Hatano T et al., 1991; Hayashi H et al.,
2000). In Chinese traditional medicine, licoriceneens one of the most commonly prescribed
herbs and has been used in the treatment of vaaibments ranging from tuberculosis to
peptic ulcers(Huang KC et al.,, 1993). The chemicahstituents of licorice include
glycyrrhizin and its aglycone, glycyrrhetinic acidier native Medicine Review, 2005), as well
as species-specific flavonoids such as liquirigoliquiritin and their corresponding aglycones,
licochalcone A, glabridin, glabrol, glabrene, higladridin A and hispaglabridin B(Kiso Y et
al., 1984; Vaya J et al., 1997). These flavonoitshat antioxidative(Fuhrman B et al., 1997),
superoxide scavenging(Haraguchi H et al., 1998)aantitarcinogenic activities(Jung Ji et al.,
2006). High-performance liquid chromatographic gsial indicated that roasted licorice
contained more licochalcone A and less glycyrrhaid isoliquiritigenin (data not shown). A
recent studghowed that antiinflammatory activity of rLE was m@otent than that of LE in
lipopolysaccharide-treated Raw264.7 murine macrges@im JK et al., 2006). In this study,
rLE showed stronger inhibition on TPA-induced acutammation in a mouse ear edema
model than LE. TPA has been known to induce thiaimfnatory responses characterized by
the development of edema, hyperplasia, inductigoroihflammatory cytokines and enzymes,

and enhanced release of reactive oxygen specieS)(R@eyand CM et al., 2000).
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RA is closely involved in chronic inflammatory addstructive events such as joint pain
and swelling, synovial hyperplasia by inflammataeells infiltrated in the synovium and the
synovial fluid, pannus formation, and finally joimtalformation by destruction of articular
cartilage and erosion of subchondral bone(Joosténet. al., 1999). Long-used standard
treatments, such as DMARDs and NSAIDs, have wetivkm but have significant toxic side
effects. Therefore, developing new agents withaiyt adverse effects is required, and plant-
derived components can be a good source in credtigiew therapeutic and preventive
agents.

Although CIA model does not reflect completely hurmA, it is a useful model for
studying inflammation, autoimmune arthritis, destion of cartilage and bone erosion. My
data indicated that oral administration of LE ah#& reduced the clinical arthritis score and
paw swelling in the CIA model, and inhibited joigpace narrowing and the histological
arthritis representing the severity of synovial éyasia, infiltration of inflammatory cells,
pannus formation and erosion of cartilage and bdreerefore, LE and rLE possess the
potential as novel anti-arthritic agents.

As in human RA, the binding and accumulation ofi-&it antibodies in the articular
region of Cll-immunized mice may initiate inflamroag responses by activating the
complement cascade. The activation of complemestatte, especially C5a (a cleavage
product of C5), recruits neutrophils and macropbaged the recruited inflammatory cells
secrete chemotoxic materials and proinflammatotgldges, such as IL8, TNF-q, IL-8, IL-

6, MIP-1a, nitric oxide, and prostaglandin E2(Lee DY et aD08). Of these, TNE- drives
early joint inflammation and the inflammatory cigffiltration in the synovial tissue, while IL-
1B plays a pivotal role in the mediation of cartilagegradation and bone erosion(A.

Murakami et al., 2000). In particular, TNFemerged as a valid therapeutic target for RA.
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In both RA and OA, inflammatory cytokines such ddFfa and IL-13 stimulate the
production of MMPs, enzymes that can degrade athpmnents of the extracellular matrix.
The collagenases, MMP-1 and MMP-13, have predomiraas in RA and OA. MMP-1 is
produced primarily by the synovial cells that lithe joints, and MMP-13 is a product of the
chondrocytes that reside in the cartilage. MMP-E® @egrades the proteoglycan molecule,
aggrecan, giving it a dual role in matrix destrotiExpression of other MMPs such as MMP-
1, MMP-3 and MMP-9, is also elevated in arthrittelahese enzymes degrade non-collagen
matrix components of the joints. Therefore, cofitigl MMPs activity is required for
treatment of arthritis. In this study, oral admirasion of LE and rLE decreased the serum
levels of TNFe and IL-13 in the CIA mice. Immunohistochemical analysis destmated that
LE and rLE down-regulated MMP-3 expression in jeimf the CIA mice. These results
suggest that LE and rLE may ameliorate CIA by biogkhe increases in TN&-and IL-13
levels of CIA mice, and cytokine-mediated MMP-3 egsion in the joints of CIA mice.

CIA causes a proinflammatory immune response, byarendering it an excellent model
to evaluate functional T cell responsevivo. Although the pathways that drive cytokine
release in RA synovium still remains unclear, Tiscetgulate by direct release of IL-17 or via
cell contact with synovium macrophages(MclnnestBlg 2007). In this study to estimate the
effects of these extracts on Cll-specific T cebpense, cell proliferation was investigated
with spleen cells isolated from normal mice and @hce administered with vehicle, LE or
rLE. Spleen is the major site of adaptive immungpomise to blood-borne antigens, and
contains phagocytes and lymphocytes. The increasdlistimulated proliferation in spleen
cells from vehicle-treated CIA mice was signifidgnsuppressed in spleen cells from CIA
mice treated with LE or rLE. In addition, ClI- orPiS-stimulated TNFr and IL-13 levels
were also reduced in spleen cells derived from @iide treated with LE or rLE. LPS is one

of the most potent activators of macrophages kndvinese results suggest that LE and rLE
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alleviate CIA by reducing the immune responsespiéen cells and the resultant cytokine
production.

Reactive oxygen species (ROS) released from théiratéd inflammatory cells are
implicated in breakdown of cartilage and bone in(@strakhovitch EA et al., 2001). TNg-
overproduction is considered to be the main couatobto increased ROS release in patients
with RA. Moreover, chronic inflammatory conditiorege reduced a body’s anti-oxidant
capacity by a variety of endogenous ROS scavengirgeins, enzymes and chemical
compounds(Halliwell B et al., 1990). Increased R@%Is results in tissue damages through
the interaction with cellular components includibiNA, proteins, and lipids. Therefore,
controlling ROS levels is important for reducingAXeverity and joint damages. In this study,
| investigated whether LE and rLE could block oxida stress in the CIA mice. The
decomposition of peroxidized lipid produces many-products including MDA. Elevated
level of MDA has been observed in the serum andwghfluid of RA patients(Ostrakhovitch
EA et al., 2001). My data indicated that oral adstiation of LE or rLE inhibited the increase
in MDA level and recovered the reduced GSH level eatalase activity in liver and kidney
tissues of CIA mice. These results suggest thatthé rLE can prevent tissue damages by

blocking oxidative stress in CIA mice.
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V.CONCLUSION

Topical application of LE and rLE onto each mouse ihibited TPA-induced acute
inflammation, and rLE showed more potent activitgrt LE. Furthermore, oral administration
of LE and rLE effectively interfered with the inffanatory response and destruction of
cartilage and bone in the CIA mouse model. Thetmets ameliorated the severity of arthritis
and histopathological changes in CIA mice, corietatvith reduced serum levels of TNF-
and IL-18 as well as the lowered MMP-3 expression in that@iLE and rLE administration
inhibited the activation of Cll-specific T cells@&hPS-stimulated macrophages in spleens of
CIA mice. LE and rLE also reduced oxidative stresdiated tissue damages by preventing
the increase in lipid peroxidation and the decredeeGSH level and antioxidant enzyme
catalase activity in liver and kidney tissues oAChice. Contrary to my expectations, anti-
arthritic activity of rLE was not higher than ttaftLE. Taken together, LE and rLE may have

beneficial effects against chronic inflammationliring RA and OA.
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