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Abstract Sappanchalcone, a bioactive flavonoid isolated

from the heartwood of Caesalpinia sappan L. possesses

anti-inflammatory effects. We studied the efficacy of sap-

panchalcone in attenuating collagen-induced arthritis

(CIA) in a mouse model of rheumatoid arthritis. Sappan-

chalcone was purified to homogeneity from the chloroform

fraction of the methanolic extract of C. sappan, and iden-

tified using mass spectrometry and 1H-nuclear magnetic

resonance spectroscopy. CIA-induced male DBA/1J mice

were divided into control, sappanchalcone-treated, and

methotrexate-treated groups (n = 10 per group). Paw

swelling, arthritis severity, radiographic and histomorpho-

metric changes were assessed to measure the protective

role of sappanchalcone against chronic disease progression.

Sappanchalcone administration significantly reduced

clinical arthritis and inflammatory edema in paws. Bone

mineral density and trabecular structure were maintained in

CIA mice administered sappanchalcone. The levels of pro-

inflammatory cytokines (TNF-a, IL-6, and 1L-1b) were

significantly lower in the serum of sappanchalcone-treated

mice as compared with the control group. Our results

suggest that sappanchalcone could be used as an anti-

inflammatory and bone-protective agent during the treat-

ment of rheumatoid arthritis.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disease that

principally affects the smaller synovial joints, resulting in

painful swelling that can lead to bone erosion and joint

deformity. The incidence of this disorder is high, and is

associated with pain, deformity, disability, and reduced

capacity to work. RA affects between 1 and 2 % of the

world’s population and increases in prevalence commen-

surate with aging; it is a systemic illness affecting several

organs of the body. Manifestations of RA include subcu-

taneous nodules, eye inflammation, reduced white blood

count, and lung disease. The secretion of pro-inflammatory

cytokines into the serum, including interleukin-1 (IL-1) and

tumor necrosis factor-alpha (TNF-a), is enhanced during

RA, resulting in damage to articular cartilage and bone.

Novel cytokines, such as IL-17, IL-18, and RANKL ligand

(in the synovium), are also available and secrete enzymes

that degrade proteoglycans and collagen leading to bone

loss (van der Berg et al. 1999; Lubberts et al. 2001).
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Soluble mediators of inflammation include prostaglandins,

leukotrienes, and matrix metalloproteinases, which either

diffuse from the blood or are locally produced within the

joint cavity, and act as potent algesic agents during RA

disease progression.

Pharmacological disease intervention strategies include

non-steroidal anti-inflammatory agents and corticosteroids

to reduce inflammation, biologic response modifiers to

reduce both inflammation and structural damage to the

joints, and disease modifying anti-rheumatic drugs

(DMARDs) to slow disease progression (Smolen and

Steiner 2003). DMARDs exhibit considerable promise, and

are the recommended drug agents during the first 2 years of

RA. Although these drugs, which are now considered first-

line therapeutic agents for the majority of RA patients,

reduce acute inflammation and pain, they do not alter the

disease course or prevent joint destruction. In addition,

side-effects such as gastro-intestinal disturbances,

increased risk of malignancies, and higher costs constraint

their prolonged use (Ahmed et al. 2005).

Parallel to conventional drug treatment strategies,

alternative herbal medicines are also widely used to treat

RA. The efficacy of many plants and plant products is

currently being assessed in RA disease models, with sev-

eral proving to be both safe and effective (Ahmed et al.

2005; Rathore et al. 2007). The most significant of these

herbal preparations include gingerol from Zingiber offici-

analis (Ueki et al. 1964), bromelain from Ananas camosus

(Cohen and Goldman 1996), curcumin from Curcuma

longa (Deodhar et al. 1980), ethanolic extracts of Nyctan-

thes arbour tristis (Paul and Saxena 1997), active compo-

nents of Swertia chirayita (Kumar et al. 2003), aqueous

and ethanolic extracts of Crocus sativus (Hosseinzadeh and

Younesi 2002), lupeol and 19 a-H lupeol from Strobilan-

thus callosus (Agarwal and Rangari 2003), alcoholic

extract of root of Trewia polycarpa Benth (Chamundeswari

et al. 2003), Madimadi-a Korean folk medicine (Kim et al.

2004), and various other traditional Chinese medicines

(Sylvester et al. 2001).

Caesalpinia sappan L. (Leguminosae) is a traditional

medicinal plant distributed in Asian peninsula countries

including India, Burma, Vietnam, Sri Lanka, and China.

The heartwood of this plant has long been used as blood

tonic, emmenagogue, and expectorant (Zhao et al. 2008).

Many active components have been derived from C. sap-

pan, including phenolic compounds such as brazilin,

chalcones, protosappanin, and homoisoflavonoids (Fu et al.

2008). Sappanchalcone (a chalcone) exhibits neuroprotec-

tive (Moon et al. 2010), anti-inflammatory (Washiyama

et al. 2009), and inhibitory effects on antigen-induced beta-

hexosaminidase release (Yodsaoue et al. 2009), in addition

to anti-influenza virus activity (Liu et al. 2009). These

immunomodulatory, anti-inflammatory, and antioxidant

activities suggest a potential anti-arthritic effect of the C.

sappan extract. The present study assessed the anti-RA

effect of sappanchalcone in a collagen-induced mouse

model, indexed using pro-inflammatory cytokine levels and

physiological, microstructural, and biochemical

parameters.

Materials and methods

Plant material and extract preparation

Dried heartwood of C. sappan L. was purchased from the

Kyungdong Local Market, Seoul, Korea in March 2012. A

voucher specimen (SCHB 12-015) was deposited at the

Herbarium of College of Natural Science, Soonchunhyang

University, and botanical identification performed by

Dr. B.Y. Lee from National Institute of Biological

Resources, South Korea. This plant was selected based on

its ethnopharmacological use as a treatment for anti-

inflammatory diseases.

The plant was air-dried and chipped with 6 kg dry

powder, extracted three times under reflux with 95 %

methanol for 3 days. The extract was filtered through a

Buchner funnel using Whatman filter paper No. 1, con-

centrated using a rotary evaporator under reduced pressure,

and subsequently diluted with water. The residue was

extracted successively with hexane, chloroform, ethyl

acetate, and water-saturated butanol (each in 3,000 mL).

Each extract, in addition to the aqueous phase, was dried

under reduced pressure to yield a hexane fraction of 1.13 g,

a chloroform fraction of 7 g, an ethyl acetate fraction of

176.94 g, a butanol fraction of 8.26 g, and a water-satu-

rated fraction of 4.35 g.

The chloroform fraction was subjected to a silica-gel

column (200–300 mesh), and eluted with methanol gradi-

ent solvents. Fraction 4 (513 mg) was separated on a

Sephadex LH-20 (GE Healthcare) column, and eluted with

methanol to yield two fractions. The effective ingredient of

fraction 2 (124 mg) was subsequently identified as

sappanchalcone.

High performance liquid chromatography (HPLC)

Sappanchalcone was purified using a preparative LC-20

series HPLC system (Shimadzu Corp. Tokyo, Japan), and a

reversed phase C18 column (UG120; 250 9 4.6 mm, 5 lm,

monitored at 280 nm). The eluent system consisted of a

gradient program from 10 to 100 % methanol containing

1.25 % acetic acid at a flow rate of 0.5 mL/min, with a

column temperature of 25 �C. At a retention time of

11.147 min, the fraction was collected in repeated HPLC

preparations.
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Compound characterization

A liquid chromatography–mass spectrometry-ion trap-

time-of-flight (LC–MS–IT–TOF) mass spectrometer (Shi-

madzu Corp., Tokyo, Japan) was used to detect positive

and negative ion mode masses, with MS/MS spectra

recorded within a scan range of m/z 100–500. The detec-

tion voltage and interface temperature were set to 1.60 V

and 400 �C. 1H-nuclear magnetic resonance (1H-NMR)

spectra was obtained using a JNM-LA 400 NMR (Jeol Ltd.,

Tokyo, Japan) instrument operated at 400 MHz. Chemical

shifts were reported in parts per million (ppm) downfield

from an internal tetramethylsilane standard.

Animal preparation and ethics statement

Male DBA/1J mice, aged 7 weeks (20–23 g), were pur-

chased from the Central Lab, Animal Inc., (Seoul, Korea).

The animals were allowed an acclimatization period of

7 days at room temperature (22 ± 2 �C), with a 12 h light-

dark cycle and relative humidity of 40–70 % before being

used for the study. The animals were provided with tap

water, and fed on a laboratory diet (crude protein NLT,

20.5 %; crude fat NLT, 3.5 %; crude fiber NMT, 8.0 %;

crude ash NMT, 8.0 %; Ca NLT, 0.5 %; and phosphorous

NLT, 0.5 %) ad libitum. Mice were given saline or indi-

cated amounts of sappanchalcone and MTX (Sigma-

Aldrich, St Louis, MO, USA) by intraperitoneal injection

(total injection volume 200 lL). The study was approved

by the Bioethics Committee of Soonchunhyang University.

The procedures strictly adhered to generally accepted

international rules and regulations.

Collagen-induced arthritis (CIA) model and disease

scoring

CIA was induced as described previously (Stuart et al.

1979), with only minor modifications. Bovine type II col-

lagen (Central Lab, Seoul, Korea) dissolved in 0.05 M

acetic acid (2 mg/mL) were injected intradermally twice

(each of 100 lg) at the base of the tail with 0.2 mL of the

emulsion in DBA/1J mice; the first injection emulsified

with complete Freund’s adjuvant (CFA, Sigma-Aldrich, St

Louis, MO, USA) at day 0, and the second booster injec-

tion emulsified in incomplete Freund’s adjuvant (ICFA,

Sigma-Aldrich, St Louis, MO, USA) at day 21 (Zimmer-

man et al. 2010). DBA/1J mice were randomly divided into

four representative groups (n = 10 per group): normal

group without immunization or CIA (collagen-induced

arthritis), control group (for saline injection after CIA), and

experimental groups for intraperitoneal administration of

MTX (a reference anti-rheumatoid drug, 3 mg/kg of mouse

body weight; 0.2 mL) or sappanchalcone (10 mg/kg of

mouse body weight; 0.2 mL) after CIA. Sappanchalcone

and MTX were administered daily and every third day,

respectively from day 22 to day 42 after the 2nd booster

injection. The thickness of the paw was measured using a

Vernier calliper (Ozaki, Tokyo, Japan) at least three times a

week for footpad swelling. Each mouse was weighed two

times a week.

Arthritis disease scoring

CIA mice were monitored by two independent observers

3–4 times per week to assess degree of inflammation, and

extent of erythema, edema of the periarticular tissues, and

enlargement, distortion, or ankylosis of the joints. The

severity of arthritis was measured using an arthritis index

(AI) as follows (Hughes et al. 1994): 0 (no inflammation), 1

(edema or erythema of one joint), 2 (edema or erythema of

two joints either on one or two digits), 3 (edema or erythema

of more than two joints either on one, two or three digits),

and 4 (severe arthritis with deformation or ankylosis of the

paws). The AI used the cumulative score of all paws,

thereby rendering a maximum possible score of 16.

Microstructural bone examination

Bones of the distal end of the left femur and left calcaneus,

the left second metatarsal bone, and the proximal end of the

left tibia were imaged using high-resolution microfocal

computed tomography (micro-CT; SkyScan 1172, Bruker,

Antwerp, Belgium). Bone mineral density (BMD) was

assessed with a metaphyseal scan of 3 % of the length of

each bone. The following measurement parameters were

used: bone volume (in mm3) relative to tissue volume (in

mm3 and expressed as percentage); bone surface (in mm3)

relative to bone volume (in mm3 and expressed per mm);

trabecular thickness (in mm), number, and fractal

dimension.

Cytokine and enzyme levels in the serum

Proinflammatory cytokines such as TNF-a, IL-1b, and IL-6
were measured using a mouse immunoassay kit (R&D

systems, Minneapolis, MN, USA) according to the manu-

facturer’s instructions. Enzymes such as aspartate trans-

aminase (AST), alanine transaminase (ALT), alkaline

phosphatase (ALP), and creatinine levels were measured

using the Synchron LX-20 analyzer (Beckman-Coulter

Inc., Brea, CA).

Statistical analysis

All analyses were completed using the SPSS for Windows

software package (ver. 9 SPSS Inc., Chicago, IL, USA).
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Data are expressed as mean ± SE. Group differences were

determined using one-way analysis of variance (ANOVA)

followed by Tukey’s post-hoc analysis; a value of p\ 0.05

was taken to indicate statistical significance.

Results

Purification and characterization of sappanchalcone

The methanol extract of C. sappan heartwood was

sequentially extracted with CHCl3: MeOH, and subjected

to column chromatography using a silica gel and Sephadex

matrix to obtain two active fractions later identified as

sappanchalcone. The schematic representation of the

sequential purification process of sappanchalcone is

depicted in Fig. 1. Sappanchalcone compound extracted

from the heartwood of C. sappan exhibited anti-RA effects

in our CIA-induced mouse model.

Preparative HPLC confirmed that sappanchalcone was

single and homogenous, with a retention time of

11.147 min (Fig. 2A). Identification with mass spectrom-

etry, of the composition and molecular weight of sappan-

chalcone revealed positive and negative ion masses of

287.0768 and 285.0569 m/z, respectively (Fig. 2B). 1H-

NMR (400 MHz) spectrum indicated the presence of d
3.90 (3H, s) corresponding to 20-OMe: 6.44 (1H, dd,

J = 2.0, 8.6 Hz); to H-50: 6.51 (1H, d, J = 2.0 Hz); to

H-30; 6.78 (1H, d, J = 8.0 Hz); to H-5; 6.97 (1H, d,

J = 8.4 Hz); to H-6: 7.10 (1H, d, J = 2.0 Hz); and to H-2:

7.35 (1H, d, J = 15.6 Hz) for H-a; 7.48 (1H, d,

J = 15.6 Hz) for H-b, and 7.67 (1H, d, J = 15.6 Hz) for

H-60 (Fig. 3).

Effects of sappanchalcone in the CIA mouse model

A type-II CIA mouse model was developed, with signifi-

cant arthritis during the 14 days following primary

immunization of mice with type-II collagen emulsified

with CFA on day 0, and with ICFA on day 21 The CIA

mice were administered pure sappanchalcone (10 mg/kg)

daily. The anti-arthritis drug MTX, at a concentration of

3 mg/kg, was administered once every 3 days. CIA-

induced and non-induced mice were used as control and

normal groups, respectively.

As depicted in Fig. 4A, mean body weight significantly

decreased by day 25 in mice that developed arthritis,

regardless of MTX or sappanchalcone administration.

There were no significant differences between the three

collagen-sensitized groups compared to normal group. A

significant increase in foot pad thickness was observed

beyond day 20 in the control CIA mice (Fig. 4B); however,

it declined appreciably in the MTX-administered group

compared with the control group. Sappanchalcone treat-

ment was associated with a marked decline in the foot pad

thickness, compared to MTX treatment. The gross hind

paw lesions of CIA-induced mice are depicted in Fig. 4C.

Lesions were significantly reduced in both MTX and sap-

panchalcone-administered mice, suggesting that sappan-

chalcone can prevent inflammatory arthritis. AI scores

reached their maximum at day 42 in all CIA-induced mice

groups (Fig. 4D), and were similar in the MTX and sap-

panchalcone-administered mice during each sensitization

stage. The MTX and sappanchalcone treated groups

showed a significantly reduced AI score compared with

only CIA-induced mice.

The areal BMD (aBMD) of the proximal part of the left

tibial metaphysis, and the distal part of the left femoral

metaphysis, calcaneous, and left second metatarsal bone,

are displayed in Fig. 5. The aBMD of the proximal part of

the left tibial metaphysis was significantly lower in the

control group, and appeared to increase commensurate with

MTX and sappanchalcone administration (Fig. 5i). The

aBMD of the distal part of the left femoral metaphysis

(Fig. 5ii), calcaneous (Fig. 5iii), and the left second

metatarsal bone (Fig. 5iv) significantly differed among the

three CIA mouse groups (p\ 0.05). Prophylactic admin-

istration of sappanchalcone and MTX was sufficient to

increase the aBMD in CIA mice.

To further investigate changes at the microstructural

level, we used micro-CT to analyze the proximal part of the

left tibial metaphysis, the distal part of the left femoral

metaphysis, and the left leg (Fig. 6). Compared to the non-

Fig. 1 Schematic representation of the sequential purification of

sappanchalcone (C16H14O5) from the chloroform fraction obtained

from the methanol extract of Caesalpinia sappan L. The chemical

structure of sappanchalcone is delineated below
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Fig. 2 Purification and characterization of sappanchalcone from

Caesalpinia sappan extracts. A Preparative high-performance liquid

chromatogram of purified sappanchalcone from C. sappan extract,

monitored for 20 min. The Sephadex LH-20 collected fractions were

run on a reverse-phase C18 column (4.6 9 250 mm) at 25 �C with a

sample injection volume of 20 lL (20 mg/mL) in methanol. The

near-homogenous peak fraction was eluted with 100 % methanol in

isocratic mode with a flow rate of 0.05 mL/min and detection

wavelength of 280 nm. B A liquid chromatography–mass spectro-

metry-time-of-flight (LC–MS–TOF) spectral map of purified sappan-

chalcone monitored for 5 min. The positive (?) and negative ion

masses (-) were at 287.0768 and 285.0569 respectively, with a scan

range of m/z 100–500. The detection voltage and interface temper-

ature were set to 1.60 V and 400 �C. Methanol was used in the mobile

phase

Fig. 3 1H Nuclear magnetic resonance (1H-NMR) spectrum of sappanchalcone from Caesalpinia sappan L
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CIA induced normal controls, CIA-induced animals were

characterized by gross distortion of the trabecular structure.

In the proximal part of the left tibial metaphysis (Fig. 6a),

the distal part of the left femoral metaphysis (Fig. 6b), and

the left leg (Fig. 6c), disjointed trabecular structures were

observed in CIA-induced control group (Fig. 6ii). In the

MTX and sappanchalcone-administered groups, the tra-

becular structure was maintained (Fig. 6iii, iv). Therapeu-

tic administration of MTX was associated with marginally

improved trabecular architecture maintenance compared to

sappanchalcone. Prophylactic administration of sappan-

chalcone was sufficient to preserve the trabecular structure

of CIA-induced mice.

The microstructure of cancellous bone at the distal part

of the left femur measured by micro-CT in the four study

groups is described in Table 1. Bone and tissue volume

were significantly lower in the collagen-sensitized groups

versus the control group (p\ 0.05 for all comparisons).

Bone surface and volume were significantly higher in CIA

groups, but trabecular thickness was significantly lower in

the three collagen-sensitized groups compared to the nor-

mal group (p\ 0.05 for all comparisons). There were no

significant differences in the trabecular number or separa-

tion parameters of the CIA-induced and non-induced mice.

The fractal dimension was lower in the collagen adminis-

tered, sensitized groups.

Effects of sappanchalcone on pro-inflammatory

mediators of arthritis

Because TNF-a, IL-1b, and IL-6 are major inflammatory

cytokines in RA, we investigated the effect of sappan-

chalcone on these mediators in blood serum (Fig. 7). A

significant increase in inflammatory cytokines in the CIA

Fig. 4 Effect of sappanchalcone (SC) on CIA severity in DBA/1J

mice, represented in terms of changes in A group mean body weight

(g), B foot pad thickness (mm), C gross hind paw lesions, and

D clinical arthritis index score. C i, normal group without CIA

(collagen-induced arthritis), C ii control group with saline injection

after CIA, C iii CIA mice with intraperitoneal (i.p) injection of drug

methotrexate (MTX: 3 mg/kg of body weight; injected every third

day from day 22 to day 42 after 2nd booster injection), and C-iv, CIA
mice with i.p injection of sappanchalcone (10 mg/kg of body weight;

injected daily from day 22 to day 42 after the 2nd booster injection).

Data are expressed as mean ± SE (n = 10 per group). *p\ 0.05

versus control group and #p \ 0.05 versus normal group. Fisher’s

protected least difference post-hoc test was used for analysis
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group indicated acute arthritis (p\ 0.05). Sappanchalcone

administration led to a significant decline in the blood

serum levels of TNF-a (Fig. 7i), IL-1b (Fig. 7ii), and IL-6

(Fig. 7iii).

Effects of sappanchalcone on organ-to-body weight

and enzyme levels

We observed changes in organ-to-body weight and enzyme

levels in non-CIA and CIA-induced mice (Table 2). There

were significant differences in the liver weights of the

normal and collagen-sensitized groups. Sappanchalcone

administration led to a significant increase in liver weight

compared to normal group. A significant decline in the

kidney weight of MTX- treated mice, and an increase in

spleen weight of sappanchalcone-treated mice was noticed

compared to the normal group (p\ 0.05). AST and ALT

levels in serum were markedly higher in the control group,

although these levels declined following sappanchalcone

administration. The increase in the creatinine levels were

non-significant in the CIA-groups compared to the normal

group (p\ 0.05).

Discussion

This report is the first to demonstrate that sappanchalcone

from the dried heartwood of C. sappan regulates the level

of pro-inflammatory cytokines such as TNF-a, IL-1b, and
IL-6 in a CIA mouse model. It was previously demon-

strated that these proinflammatory cytokines play a role in

the inflammation and destruction of joints during RA

(Myers et al. 1997; Smolen et al. 2005). TNF-a is an early-

stage inflammation mediator, which induces IL-6 synthesis,

resulting in inflammatory T cell activation. Sappanchal-

cone controlled serum levels of TNF-a and IL-6 in our

collagen-sensitized model, a result that establishes the anti-

inflammatory properties of sappanchalcone during RA

onset in CIA mice. The immunosuppressive properties of

sappanchalcone have been demonstrated using brazilein,

another bioactive flavonoid derived from the heartwood of

C. sappan, which decreases the mRNA levels of TNF-a
and IL-6 in ischemic animals and lipopolysaccharide-

induced microglial cell lines (Shen et al. 2007). C. sappan

extracts, and their isolated compounds, are potent inhibi-

tors of proinflammatory mediators of joint inflammation;

this effect involves the inhibition of nitric oxide (NO) and

Fig. 5 Bone mineral density profiles of i the proximal part of the left

tibial metaphysis, ii the distal part of the left femoral metaphysis, iii
the distal part of the left calcaneus, and iv the distal part of the left

second metatarsal bone. Data are expressed as mean ± SE (n = 10

per group). *p\ 0.05 versus control group and #p \ 0.05 versus

normal group. Fisher’s protected post hoc test was used for analysis
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cyclooxygenase-2 (COX-2) by interfering with their sig-

nalling pathways (Wu et al. 2011). In preliminary study

brazilin, an active compound of C. sappan was reported to

show inhibition of NF-jB factor that disrupts the formation

of upstream IL-1R signalling complex (Jeon et al. 2014).

The anti-inflammatory effects of sappanchalcone in mouse

macrophage cell lines (Washiyama et al. 2009), and human

periodontal ligament cells (Jeong et al. 2011), have previ-

ously been documented. This study provides a supporting

evidence for the analgesic and anti-inflammatory effects of

sappanchalcone, which is traditionally used in Oriental and

Chinese medicine (Baek et al. 2000). Sappanchalcone may

also directly inhibit growth and apoptosis in primary and

metastatic oral squamous cell carcinoma (OSCCs) by

stimulating caspase-9 and -3 activities (Lee et al. 2011).

The protective role of sappanchalcone observed in the

present study, against inflammation in CIA mice, accords

with the immunosuppressive effects of Dipsacus asper root

extract (Jung et al. 2011). In collagen-sensitized mice

(particularly DBA/1 mice, which respond to chick, bovine,

porcine, and human type-II collagen), in which inflamma-

tion is elicited by increased serum levels of pro-inflam-

matory cytokine, inhibition of such cytokines could be

beneficial for RA. It is suggested that the main inhibitory

mechanism of chalcone compounds may be the inactiva-

tion of the nuclear factor kB (NF-kB) (Go et al. 2005;

Nowakowska 2007). In an earlier report, brazilin (show

similar molecular structure as sappanchalcone), an active

compound isolated from C. sappan L. is reported as a

potent NF-kB inhibitor that selectively disrupts the for-

mation of the upstream IL-1R signalling complex espe-

cially the IL-1b-induced polyubiquitination of IRAK1 and

its interaction with IKK-c counterpart (Jeon et al. 2014).

We assessed the effects of both sappanchalcone and MTX

on RA, because MTX has previously been used to treat

RA, in addition to other forms of inflammatory arthritis,

and certain forms of childhood arthritis. Although princi-

pally used to treat RA, MTX also possesses carcinogenic,

mutagenic, and teratogenic effects (Choudhury et al. 2000).

We suggest that sappanchalcone represents a cost-effective

and efficacious treatment for inflammatory conditions

including RA.

Fig. 6 Microfocal computed tomography (micro-CT) images of mice

(DBA/1J) with collagen-induced arthritis (CIA). A Appearance of a the

proximal part of the left tibial metaphysis, b the distal part of the left

femoral metaphysis, c the left leg, and d the bone of the knee joints in

microfocal computer tomography images. i Normal group, ii control

group, iii CIA mice with therapeutic administration of methotrexate, iv

CIA mice with prophylactic administration of sappanchalcone.

B Radiographic changes in adjuvant-induced arthritis

Table 1 Bone histomorphometry of the left distal femur in all the study groups

Group (n = 10) BV/TV (%) BS/BV (mm) Tb.Th (mm) Tb.N (mm-1) Tb.Sp (mm) Fractal dimension

Normal 35.02 ± 2.65 18.33 ± 3.22 0.106 ± 0.004 3.30 ± 0.23 0.20 ± 0.03 2.49 ± 0.021

Control 28.41 ± 1.47# 23.36 ± 3.15# 0.086 ± 0.004# 3.32 ± 0.74 0.22 ± 0.05 2.39 ± 0.071

MTX 33.38 ± 3.12# 19.71 ± 2.71# 0.102 ± 0.003*# 3.29 ± 0.23*# 0.20 ± 0.04 2.46 ± 0.052

Sappan-Chalcone 33.72 ± 5.22 19.57 ± 3.91 0.102 ± 0.004* 3.30 ± 0.39 0.20 ± 0.03 2.437 ± 0.031

Four groups of mice (n = 10 each) were evaluated: normal mice without collagen-induced arthritis (normal) and CIA mice treated with saline

(control), with therapeutic administration of methotrexate (MTX; 3 mg/kg of body weight; injected every third day from day 22 to day 42 after

2nd booster injection) or sappanchalcone (10 mg/kg of body weight; injected daily from day 22 to day 42 after the 2nd booster injection)

BV bone volume, TV tissue volume, BS bone surface, Tb.Th trabecular thickness, Tb.N trabecular number, Tb.Sp trabecular separation

* p\ 0.05 versus control group
# p\ 0.05 versus normal group
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To assess the anti-inflammatory properties of an isolated

sappanchalcone compound, we monitored localized mouse

paw edema in collagen-sensitized groups. Paw swelling and

clinical arthritis scores were used to evaluate the degree of

inflammation. For most of the CIA-susceptible strains of

mice, the first signs of arthritis development are visible

between days 18 and 25 after immunization. The incidence

of arthritis in CIA-susceptible strains of mice is generally

very high, reaching 80–100 % in most strains (David et al.

2007). Our results were in conformity with the data of

previous papers (Sakaguchi et al. 2004; Lee et al. 2009).

The data reported here provide direct evidence for a regu-

latory effect of sappanchalcone and MTX on cytokine

production and two clinical parameters (footpad thickness

and AI scores) in CIA mice in vivo. In particular, when

treatment with sappanchlacone was administrated a clear

improvement both in the clinical score and in the cytokine

levels was observed at a dose of 10 mg/kg per mouse body

weight. The inhibitory effects of arthritis was observed after

the clinical signs by CIA such as an increase in footpad

thickness and AI scores. These results indicate that sap-

panchalcone specially modulates, in particular a reduction

in the levels of proinflammatory cytokines (TNF-a, IL-1b,
and IL-6) after CIA condition. The observed effect on

clinical parameters of CIA by sappanchalcone could be at

least partially due to its effect on TNF production. This

reduction of TNF levels would then lead to prevention of

CIA. This may affect macrophage activation and, therefore,

may represent an immunosuppressive regulatory mecha-

nism (Neurath et al. 1999). Another compound, brazilin,

also inhibited carrageenan-induced rat paw edema,

although C. sappan showed a greater effect compared to the

isolated compound (Washiyama et al. 2009). This suggests

that active constituent of C. sappan, including sappan-

chalcone and certain protosappanins, are better able to

attenuate paw edema in mammals (Tanno et al. 2006).

We also obtained micro-CT images of induced arthritis

in the left tibial metaphysis, femoral metaphysis, and leg.

Microstructural analysis of cancellous bone at the distal left

femur, similar to the histomorphometric analysis demon-

strated the ability of sappanchalcone to attenuate arthritis

progression in CIA mice, thereby providing protection

against bone loss and cartilage destruction. The decreased

BMD in control group could be attributable to the increase

Fig. 7 Effect of sappanchalcone (SC) on the serum levels of

inflammatory mediators in CIA mice. The levels of inflammatory

cytokines, including TNF-a (A), IL-1b (B), and IL-6 (C), were

determined by ELISA on day 43. Data are expressed as mean ± SE

(n = 10 mice per group). **p\ 0.001, *p\ 0.05 versus control

group, and ##p\ 0.001, #p\ 0.05 versus normal group

Table 2 Effects of purified sappanchalcone on the organ coefficients and biochemical parameters in DBA/1J mice with collagen-induced

arthritis

Group (n = 10) Normal Control MTX Sappanchalcone

Organ-to-body weight (organ-weight/body weight)

Liver 4.93 ± 0.10 6.01 ± 0.48# 4.84 ± 0.62 6.43 ± 0.53#

Kidney 1.98 ± 0.11 1.95 ± 0.32 1.63 ± 0.11# 2.04 ± 0.14

Spleen 0.25 ± 0.02 0.48 ± 0.14# 0.34 ± 0.10 0.57 ± 0.07#

Biochemical parameters

AST (U/L) 127.50 ± 29.10 172.50 ± 30.51 142.23 ± 30.17 120.00 ± 55.00

ALT (U/L) 32.00 ± 2.83 44.50 ± 3.54# 43.33 ± 12.58 26.67 ± 14.43

Creatinine (mg/dL) 0.53 ± 0.11 0.70 ± 0.11 0.55 ± 0.05 0.62 ± 0.03

Organ coefficients (liver, kidney, and spleen) for DBA/1J mice treated with saline, MTX (3 mg/kg; 0.2 mL for 3 days), and sappanchalcone

(10 mg/kg; 0.2 mL daily). No significant difference found at p\ 0.05. Statistical analysis was performed with a 2-sample t test comparing each

sample group to the related normal group
# Statistically significant results at p\ 0.05 versus normal group
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in the eroded surface and decreased trabecular thickness

revealed by micro-CT. The increasing pool of pro-inflam-

matory cytokines may also decrease BMD indirectly by

promoting osteoclast differentiation (Szekanecz et al.

2000). BMD in MTX and sappanchalcone-administered

mice was higher compared to the control group, indicating

that sappanchalcone attenuates BMD decreases near joints,

and maintains bone architecture without inhibiting miner-

alization. Our results are in accord with a previous study of

BMD using micro-CT, with joint protection observed fol-

lowing therapeutic and prophylactic administration of

biphosphonate-microdronic acid (Yamane et al. 2003). We

are currently investigating whether sappanchalcone is the

primary active compound of the methanolic C. sappan

extract responsible for attenuating chronic RA progression.

In summary, our data demonstrate that sappanchalcone

show anti-inflammatory effects in collagen-sensitized mice

by down-regulating the pro-inflammatory serum cytokines

and decreasing subsequent bone loss. Our findings suggest

that sappanchalcone can be used as an anti-inflammatory

and bone protective agent for the treatment of RA.
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Pasparakis, K.-H. Meyer Zum BÜschenfelde, G. Kollias, and E.
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