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Abstract:
Approaches of targeting excessive activation affiéréntiation of osteoclasts were
considered as an effective treatment option foeamirosis or osteopenia. In the
present work, a series of rhein derivatives werghssized and employed for their
cytotoxicity screening against bone marrow-derivegtcrophages cells (BMMs) and
their inhibition effects on osteoclasts activatemmd differentiationn vitro using an
MTT assay and a TRAP activity assay respectivelyo Thein derivativesli6 andd11
inhibited BMMs activation and differentiation wi@B8% and 85% inhibitory activity
respectively, without showing any cytotoxicity orMBIs. Subsequently, the most
potent compound6 was further validated for its inhibitory effecta the formation
of TRAP-positive multinucleated cells and bone rpson as evaluated by TRAP
staining and bone resorption assay. The reguldtyod6 of osteoclast marker genes

assay revealed that treatment of BMMs with M-CSH &ANKL resulted in the



stimulation of MRNA expressions of NFATc1, c-foRAP, MMP-9 and cathepsin K
which were highly related with osteoclast activatiand differentiation, whiled6
decreased mMRNA expressions of these genes. Itndasated thatlé might regulate
osteoclasts activity through RANKL/RANK/NFATc1 pathy. Thus our current work
is expected to provide a highly promising approachhe development of a new type
of anti-osteoporosis agent.
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1. Introduction

Bone is a highly dynamic tissue that undergsgsificant modifications. Bone
metabolism consists of a life-long remodeling psscevhich is mediated by the
balance between bone resorption by osteoclastb@me formation by osteoblasts’.
An imbalanced bone remodeling is involved in maimsedses such as osteoporosis
871 rheumatoid arthriti&®, multiple myelomd'® and Paget's diseaS¢.

The functional role of osteoclasts generated frooneb marrow-derived
macrophages cells (BMMs) is to resorb bone matnbough secreting acid and
proteases to dissolve the organic and mineral coemts of bond'?. Osteoblasts
derived from mesenchymal stem cells (MSCs) medtagee main part in bone
formation'™®. Osteoblasts, stromal cells and osteocytes expeesptor activators of

the nuclear factokb (NF«B) ligand (RANKL) and macrophage colony-stimulating



factor (M-CSF) which are essential factors for tieteoclast differentiatiof*™°.
RANKL is a member of the tumor necrosis factor (JN&mily and binds to the
RANK receptor expressed in osteoclast precursds €8l. After the activation of
RANKL-RANK signaling transduction cascades, varialesvnstream signaling are
triggered including nuclear factor of activated dllg, cytoplasmic 1 (NFATcl) /
c-fos pathway. Furthermore, genes such as tanteatstant acid phosphatase (TRAP),
matrix metalloprotein-9 (MMP-9) and cathepsin K hrghly expressed in the mature

osteoclast!*®!

which are directly regulated by NFATcl. Currentggarching for
osteoclast activation and differentiation inhib#amia RANKL signaling has turned to
be a promising strategy for the development ofrasdirptive agents.

Currently, bisphosphonates have been the most coignuged medications in
the treatment of osteoporosis and prevention aftdra in osteoporotic patients.
However, it is also reported that bisphosphonate® Iserious adverse effects such as
osteonecrosis of the jaw and subtrochanteric frastwhich are partly attributed to its
promoting effects on osteoclasts apoptoSfd Another first-line therapy-ERT
(estrogen-replacement therapy) increases the fiskeast cancer, stroke, clots and
heart attack™®. Hence, we need to develop more small molecules rixgulate
osetoclast activity and differentiation to imprdhe treatment of bone loss.

Natural products have made a significant contrdoutio drug discovery, and
nearly half of the new drugs introduced into therketare natural products or their

derivatives*®. To develop novel inhibitors on RANKL induced astkast formation

with more favorable pharmacological properties, legan to focus on natural



products because they were evolved to interfere iatetact with their biological
targets in vivo. Numerous natural products have been reported aentml
osteoclastgenesis inhibitors such as paéShomagnoldfY, halenaquinor& and
emodir?® (Fig. 1). As a privileged structure of medicinal chemistiyolyol
anthraquinones have drawn high attention becaugenfextensive application in the
biological areas?* % 2 27l particularly, emodin was reported to regulate ebon
remodeling by inhibiting osteoclastogenesis and@titing osteoblast formation both
in vitro and in vivo 3. Moreover, diacerein inhibited the expressionsbofe
resorption enzymes and reduced osteoclastic diffieteon in osteoarthritic
subchondral bonE®. Diacerein has been used for the treatment obastferitis in
Egypt and the Middle East as a prodrug of rheiraddition, the bone affinity of rhein
had been confirmed by hydroxyapatite affinity expent and rhein hybrid
compounds had been developed as bone-targetings&get?.
(Fig 1)

In the present work, we developed a series of ndwvaeh amide derivatives-(g.
2). All compounds were also tested for their cyxatity on BMMs by MTT assay.
The inhibitory activities of synthesized compoundgh no cytotoxicity toward
osteoclast were evaluated by TRAP activity assayRAINKL-induced osteoclastic
activation and differentiation from BMMs. Based @ms screen, we identified
1,8-dihydroxy-3-(4-morpholinopiperidine-1-carborayithracene-9,10-dionel§) can
effectively inhibit RANKL-induced osteoclastogereskFurthermored6 was further

validated to inhibit RANKL-induced osteoclast fortiea and bone resorption by



suppressing osteoclast marker genes through RANKIRANFATcl pathway
without any cytotoxicity on MC3T3-E1 osteoblast Iseland MSCs. Detailed
illustration of the synthetic procedure, biologiealperiments is presented as follows.
(Fig 2)

2. Chemistry

The compounds were synthesized as shown in Schem€ofhmercially
available rhein & was subjected to o-acetylation with acetic aniugd?” The
diacerein ) was transformed into the corresponding acid afkdousing excessxalyl
chloridg and the acid chloride was reacted with aromatigliphatic amine to give the
corresponding amide<)( with moderate to good yields. The compountsvere

generated by hydrolysis of amides. (

(Scheme 1)
3. Biological results and discussion

3.1 MTT assay for cytotoxicity

In order to confirm that the anti-osteoclastogesifects of compounds are not
attributable to cellular toxicity, twenty rhein deatives, along with rhein and its
analogue emodin were assessed their cytotoxictefgainst BMMsin vitro at a
concentration of .uM by performing MTT assay firstly. As shown Feble 1, the
viability of untreated cells was set as 100%, tb&dl compound rhein and emodin
displayed neither proliferation nor cytotoxicity &MMs. Among these derivatives,
the results showed that five compounds suclttlasc?, d1, d3, d5 dramatically

decreased the viability of BMMs, while six composnduch as7, d2, d4, d6, d11,



d12, had slight or no effect on cell viability at anoentration of 5uM which
indicated these compounds had no cytotoxicity towsteoclast precursor cells. The

effects of all derivatives on BMMs viability wereremarized irnlrable 1.

(Table1)

3.2 Effects of the rhein amide derivatives on RANKHuced osteoclastogenesis

Our study was designed to identify a new class afé sand effective small
molecules that blocked bone resorption through bitihg the activity and
differentiation of osteoclast, not promoting itsopfosis. Therefore our subsequent
evaluation was focused on compount¥ d2, d4, d6, d11, d12 which showed
ineffective activities on the viability of osteostaTRAP activity assay was conducted
to investigate the activity of TRAP in BMMs osteasigenesis induced by M-CSF
and RANKL. TRAP is an established marker for osk&sicand its activity is highly
related with osteoclast differentiation and bonsorption. As shown irfable 2,
compounds7, d2 andd4 did not exhibit any inhibitory effects, whereasmgmunds
d6, d11 and d12 dramatically inhibited TRAP activity with 98%, 85%nd 65%
inhibitory activity respectively. It was suggestdtht compoundsl6, d11 and d12
were potent in inhibiting osteoclast activation atifferentiation, which were more
effective than rhein and emodin.

(Table 2)

Compoundsi6 andd11 were the most potent compounds among 20 derigative

In view of the relatively high activity and low ©fbxicity, we were determined to

further investigate the effects db on osteoclast activation and differentiation. As



shown inFig 3A, compoundl6 strongly inhibited TRAP activity in a dose depemnide
manner especially at the concentrations aiVband 7.5uM. This compound showed
no cytotoxicity even at 7.pM (Fig 3B).

(Fig 3)

Once BMMs were differentiated into mature ostedslamonocytes integrated
into TRAP-positive multinucleated cells induced MyCSF and RNAKL. We thus
examined the effects of compound6 on the formation of TRAP-positive
multinucleated cells. As shown iRig. 3C-D, M-CSF and RANKL induced the
formation of TRAP-positive multinucleated cells, tehtreatment of compound6
(5uM) significantly reduced osteoclast formation. Enmoéxhibited relatively low
inhibitory effects compared with compoud@, while rhein did not show any effects
on the formation of TRAP-positive osteoclast. Thesmults indicated that compound
d6 could significantly inhibit the differentiation obsteoclast anadlé was more

effective than its lead compound rhein.
3.3 Effects od6 on RANKL-induced bone-resorbing activity of ostksts

Bone resorption assay was further used to invdstitiee inhibitory effects of
compoundd6 on osteoclast activity of bone resorption. BMMgevplated on to bone
slices and compoundli6 was subjected to interfere bone resorption of neatu
osteclasts induced by M-CSF and RANKL. As showrFig 4A, osteoclastic bone
resorption was almost completely inhibited afteatment with M compoundd6 as
d6 treatment substantially reduced bone resorptioga.aiThe areas were also
calculated inFig 4B. Collectively, all above-mentioned results supgdrtthat

compoundd6 could negatively regulate osteolclasts formatiad asteoclastic bone



resorption activityn vitro.

(Fig 4)
3.4 Effects of d6 on osteoclastogenesis-specific marker genes dutimg

RANKL-induced osteoclast development

Osteoclasts activation and differentiation are eis¢ed with the up-regulation of
specific genes such as the master regulators ebdssst NFATc1 and c-fos, as well as
bone resorption-related genes TRAP, MMP-9 and @atheK responding to RANKL
stimulation. As compoundi6 had been determined as an inhibitor of osteoclasts
activation and differentiation, we next assessednhibitory effects of compound

on the mRNA expressions of osteoclastogenesiseklagenes to elucidate the
mechanism underlying the inhibition of compout@l on osteoclastogenesis. In the
assay, BMMs were treated with M-CSF and/or RANKbr& or combination with
5uM compoundd6. As shown inFig. 5, RANKL substantially induced the mRNA
expressions of osteogenesis-related genes includikjcl, c-fos, TRAP, MMP-9
and Cathepsin K as evaluated by gRT-PCR. In cdnt@smpoundd6 strongly
suppressed the expressions of all studied genes, e suggested that compouwt@l
might regulate the RANKL induced osteoclast différ@tion and bone resorption
activity in vitro through regulating the expressions of NFATc1, £-fbRAP, MMP-9

and Cathepsin K.
(Figureb)

4. Conclusions

In the current study, we focused on a natural produoein aiming to develop



novel inhibitors on osteoclasts activation and ettéhtiation with more favorable
pharmacological properties. Therefore, a serigh@h derivatives were designed and
synthesized. Screening by MTT assay, it was founad there were four compounds
showing none cytotoxicity while other compoundswimgyg moderate or significant
cytotoxicity against BMMs among these twenty detiixes. The identified novel
osteoclast inhibitod6 through TRAP activity assay was determined to lgghli
potent compared to the lead compound rhein. Comsglyy) compoundd6 was
further investigated for its effects on osteoclastvation and differentiation using
TRAP staining and bone resorption assay.

Chemokines such as M-CSF and RANKL induced cat#st activation and
differentiation by regulating the activity of nuatereceptor NFATc1 and c-fos and
then controlled the expressions of bone resorpiarymes such as TRAP, MMP-9
and cathepsin K. Based on the current finding titatepressed gene expressions of
NFATcl, c-fos, TRAP, MMP-9 and cathepsin K indutgdM-CSF and RANKL, we
determined that compound6 might participate in osteoclastgenesis through
regulation of RANKL/RANK/NFATc1 pathway.

During the bone remodeling, bone continuously ugdes coupled resorption
and formation. Osteoclasts produced cytokines, okéms and growth factors for
coupling with osteoblasts to maintain normal boaemfation. Some antiresorptive
agents such as bisphosphonates may carry longstsksy not only because of the
effects of inducing osteoclast apoptosis, but afdubiting persistent osteoblasts

viability and cellular activity. Specifically, ashewn in supplementary S{),



compoundld6 at a concentration of /M showed none cytotoxicity on osteoblast cells
MC3T3-E1 and MSC survival as evaluated by MTT assBlye results above
suggested a potentially important difference betwe®mpoundd6 and other
antiresorptive agents.

In summary, we designed and synthesized a seriehedh derivatives and
identified a novel compound6 as an inhibitor of osteoclastgenesis. It effetyive
inhibited the formation of TRAP-positive multinuaked cells and bone resorption
induced by RANKL. We also elucidated its mechaniem inhibiting osteoclast
function. Though SARs were not discernible in tlmespnt work, we are exploring
new rhein derivatives based on this study and S#&Rsarch is ongoing.Our current
work is expected to provide a highly promising aygmh for the development of a
new type of anti-osteoporosis agent.

5. Materials and methods
5.1 Chemistry

5.1.1 General information

Column chromatography was performed on silica @el0£300 mesh). NMR
spectra were recorded on Brucker AVANCE 300 NMRcspeneter or Brucker
AVANCE IIl 400 NMR spectrometer or Brucker AVANCH 600 NMR spectrometer
or Brucker AVANCE IIl 600 NMR spectrometer. Chenlichifts were reported in
parts per million (ppmg). Proton coupling patterns are described as gingle
doublet (d), triplet (t), quartet (q), heptet (Heptnultipet (m) and broad (br).
Low-resolution mass spectra (ESI) was obtained gusigilent HPLC-MS
(1260-6120B)UPLC spectra were recorded on WATERS ACQUITY UPLCIdss.

5.1.2. The procedure for preparatiorctfc8



The compound rhein (284 mg, 1 mmol) in acetic anlkgd(612 mg, 6 mmol)
was added with Zn(GE0s), (2 mg, 0.005 mmol) and stirred at 130 for 2 h. Then
the resulting yellow solution was poured into icatev, filtered and dried under
reduced pressure, and recrystallized from ethyl tadee to obtain pure
4,5-diacetoxy-9,10-diox0-9,10-dihydroanthraceneaghoxylic acid b. Oxalyl
chloride (3 mmol) was added to a solution of diageb (1 mmol) in DCM (20 mL)
dropwise with stirring and the mixture was addezhtalytic amount of DMF. After 1
h, the mixture was distilled off under reduced pues and the produced acid chloride
was collected. The acid chloride residue direcdigicted with aromatic or aliphatic
amine (1.5 mmol) and N(Et)(2 mmol) in DCM (20 mL) and stirred at room
temperature (RT) for 3 h. The mixture was poured wmater (30 mL), extracted with
DCM (20 mLx2), washed with brine (10 mL), dried oamhydrous NgO,, filtered
and concentrated in vacuo to give the crude produdeich was further purified by

silica gel chromatography to afford the desirecdpiatsc.

5.2 Biology
5.2.1 Biological materials
a-Modified eagle’s mediumatMEM), fetal bovine serum (FBS), penicillin and
streptomycin (PS) were from Gibco. Dimethyl sulfixi(DMSO), MTT, glucorticoid
dexamethasone3-glycerophosphate, ascorbic acid and TRAP stairkitgwere
purchased from Sigma. M-CSF and RANKL were obtaifteth Peprotech. Reverse
transcript reagents and SYBR Green PCR Master Mexewirom Takara. TRAP
activity assay kit and BCA protein assay kit wemaf Beyotime Biotechnology.
4-week-old male C57BL/6 mice were purchasednfrSLAC laboratoryand
were maintained at 22°C-24°C and 55%—-60% humidityairoom with a 12/12-h
light/dark cycle. All animal experiments were contid according to the guidelines

of the humane use and care of laboratory animalsaaeme approved by the Shanghai



Jiao Tong University School of Medicine Animal Syudommittee.
5.2.2 Cell culture

BMMs were isolated from 4-week-old male C57/Binouse. MC3T3-E1l
preosteoblast cell line was purchased from ATC@,rmpuse mesenchymal stem cells
(MSCs) derived from C57BL/6 were from Cyagen Biesces. All the cells were
cultured in a-MEM containing 10% FBS, 100 U/ml penicillin and QL.Qug/ml
streptomycin (fulli-MEM) at 37°C in a 5%-humidified COncubator.
5.2.3 Primary bone marrow-derived macrophages isallation

BMMs isolated from a 4-week-old C57/BL6 mouserevprepared as previously
describeti?. Briefly, all the bone marrow cells in the femur ditiiae of mouse were
flushed out bya-MEM and then incubated in ful-MEM overnight. The cells in the
supernatant were collected and then cultured ihdtMEM containing 30 ng/mL
M-CSF for proliferation. After reaching 90% confhae, cells adhering to the bottom
of the dish classified as BMMs were harvested biysoeaper. BMMs were induced
to osteoclasts by ful-MEM plus M-CSF (30ng/mL) and RANKL (50ng/mL).
5.2.3 MTT assay

Effects of rhein derivatives on cell prolifagat or cytotoxicity were determined
by MTT assay. BMMs were plated in 96-well platesfui medium plus 30ng/mL
M-CSF for proliferation at a density of3L0° cells/well. The next day, cells were
treated with indicated concentrations of compoundsiplicate for two days. 1@L
MTT (5mg/mL) was then added to each well, and tlatep were incubated at 37°C

for an additional 2 h. Then the supernatant wensokeed and 1060L DMSO was



added to each well to resolve the crystals, andofftecal density (OD) was then
measured with an Infinite F200 PRO absorbance ipiate reader (Tecan) at 570 nm.
Cell viability was calculated relative to the cantr
5.2.4 Tartrate-Resistant Acid Phosphatase (TRA8IQrinetric Assay

BMMs were seeded in 96-well plates at a densftpx 10° cells/well. Cells
were exposed to in full medium plus 30ng/mL M-CSkd &0ng/mL RANKL in
combinations with indicated concentrations of coommts in triplicate for two days.
Cells were lysised and TRAP activity were measurgdTRAP activity assay kit
according to the manufacturer’s instructions. Byjetell culture mediums were
removed and cells were washed by PBS for 3 timégnTcells were lysised by
passive lysis buffer (Promega) for 15min at 37°@ #re supernatant were collected
and incubated with para-nitrophenylphosphate (pINRRhe presence of disodium
tartrate for 45min. The reaction was subsequemdiyped with the addition of NaOH.
The TRAP activity was then quantified by measurapgical density at 405 nm with
Tecan absorbance microplate reader. The totaliprizeels were determined by BCA
protein assay kit and the TRAP activity was norgelito the protein levels.
5.2.5 In vitro osteoclastogenesis assay

BMMs were cultured in 96-well plates in full diam containing M-CSF and
allowed to adhere overnight. The medium was replaned the cells were treated
with 30 ng/mL M-CSF and 50ng/mL RANKL for additidni@ve days. The medium
was replaced for each two days. TRAP staining Wwas performed using a leukocyte

acid phosphatase kit (Sigma) according to the natufer’'s instructions.



TRAP-positive multinucleated cellsX3 nuclei) were scored as osteoclasts.
5.2.6 Bone resorption assay

For the bone resorption assay, BMMs were seedéoovine femur bone slices
in 96-well plates and the next day cells were imdlugvith 30ng/mL M-CSF and
50ng/mL RANKL in combination with indicated conceattons of compound for five
days. The medium was replaced for each two daylss @ere then fixed with 2.5%
glutaraldehyde. Bone slices were stained by 0.5Midioe blue and then imaged
using an Olympus microscope with 20@nagnification. Three view fields were
randomly selected for each bone slice for furthiér goea analysis which were
guantified using Image J software.
5.2.7 RNA isolation and quantitative real-time PE@RT-PCR)

Total RNA extraction and mRNA expression analydly gRT-PCR were
performed as described previously. mRNA levels 6AN1, c-fos, TRAP, MMP-9,
cathepsin K ang-actin were quantified bgRT-PCR using specific primers. The
primer sequences were summarized beldable 3). All values were reported as
mean+ S.D. of triple measurements of each cDNA sampl®N® levels were
normalized td actin mRNA.

(Table 3)
5.2.8 Statistical analysis

All data were expressed as mearsD and presented as the mean of triplicate

points. Similar independent experiments were regukahree times with three

replicates. A two-tailed non-paired Studert¥st was used to compare differences,



and statistical significance was displayed &< 0.05 ** P < 0.01 or *** P < 0.001;
#P < 0.05 ##P < 0.01 or ###P < 0.001.
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Supplementary Material

Rhein amide derivative d6 showed none cytotoxicity on MC3T3-E1 osteoblast
and MSCs.

Compound d6 at indicated concentrations were inesbwith MC3T3-E1(A) and
MSCs (B) for 2 days. Cell viability was then determined byl'Massay and ns
represents no significance.

Supplementary data related to this article carobed at
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Table 1 The effects of rhein derivatives on BMMs viability

Compounds Viability* (%) Compounds Viability* (%)
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& Cell viability of tested compounds were determingdtive to the control at @Vl by MTT
assay.

Table 2 The inhibitions of rhein derivatives on osteodadifferentiation determined by TRAP
activity.

Compounds Trap activities Inhibition®
c7 0
d2 0
d4 0
dé 98%
d11 85%
d12 65%
rhein 47%
emodin 45%

#TRAP activity was determined with a commercialaiable kit .

Table 3: Sequences of all primers in quantitative RT-PQRIysis.

Gene Primer sequence
NFATcl Forward 5’ - ACCACCTTTCCGCAACCA- 3
Reverse 5'- TTCCGTTTCCCGTTGCA- 3’
c-fos Forward 5’ - AGGCCCAGTGGCTCAGAGA -3
Reverse 5’ - GCTCCCAGTCTGCTGCATAGA - 3’
TRAP Forward 5’ - TCCCCAATGCCCCATTC - 3
Reverse 5 - CGGTTCTGGCGATCTCTTTG - 3’
MMP-9 Forward 5- CAAACCCTGCGTATTTCC - 3’
Reverse 5" - AGAGTACTGCTTGCCCAGGA - 3
CtsK Forward 5" - GAAGAAGACTCACCAGAAGCAG - 3

Reverse 5’ - TCCAGGTTATGGGCAGAGATT - 3’
B actin Forward 5’ - CTGTCCCTGTATGCCTCTG - 3
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Reverse 5’ - ATGTCACGCACGATTTCC - 3’




Figure Caption
Fig. 1. Chemical structures of natural osteoclast inhibito

Fig. 2. Novel rhein amide derivatives

Fig. 3. Rhein amidal6 inhibited the TRAP activity and the formation ofesclast induced by M-CSF and
RANKL in BMMs without any cytotoxicity. £) Effect of compoundl6 on TRAP activity induced by
M-CSF and RANKL. Compounds in increasing dose, emodin and rhein at indicatettentrations were
incubated with BMMs for 2 days in combination with@BF and RANKL. Cell lysis was determined with
TRAP activity using a TRAP colorimetric assay. **P@D.and ***P<0.001vs controlB) Effect of
compoundd6 on BMMs proliferation. Compoundé6 in increasing dose, emodin and rhein at indicated
concentrations were incubated with BMMs with M-CSFZatays. Cell viability was then determined by
MTT assay; C) Effect of compoundi6 on osteoclast activation and differentiation. BMMeare induced to
differentiate into osteoclasts by M-CSF and RANKL. Gmundd6 in increasing dose, emodin and rhein at
indicated concentrations were incubated with BMMsSalays and then TRAP staining was applied to
identify TRAP-positive multinucleated cells which iocated mature osteoclast®)(The numbers of
TRAP-positive multinucleated cells of different the@nts as shown i@ were calculated and presented
graphically. The number of osteoclasts in contrad wet as 100%, the data was shown as the percehts of
control. All experiments were carried out at leagé¢htimes. ***P<0.001vs control.

Fig. 4. Rhein amide derivativd6 inhibited bone resportion of osteoclasts inducg@®BNKL in BMMs. (A)
Effect ofd6 on bone resorption of osteoclasts. BMMs were platedone slices in 96-well plate and then
differentiate into osteoclasts by M-CSF and RANKL. Qoundd6 at indicated concentrations with BMMs
for 5 days and then bone slices were stained by @%line blue to identify bone resorption aregs b
mature osteoclasts. Image was shown as 200xmagiuficé®) The pit areas were quantified using Image J
software and presented graphically. The pit aremirirol was set as 100%, the data was shown as the
percents of the control. **P<0.001vs control.

Fig.. 5. Rhein derivativd6 decreased the mRNA expressions of osteoclast mgekers. Osteoclasts
marker gene levels oAj NFATc1, B) c-fos, C) TRAP, O©) MMP-9, (E) cathepsin K were determined by
guantitative RT-PCR analysis of compoud@lat indicated concentrations in combination with I8FCand
RANKL in BMMs. The results were normalized ffeactin expression and expressed as fold changivesla
to gene expression in control cells. ***P<0.001cesitrol.

Scheme Captions

Scheme 1. Synthesis of compounds ¢ and d.. Reagents andtimrsli(1) acetic anhydride,
Zn(CF3S03)2, 130C, 2 h; (2) i: oxalyl chloride, DMF, DCM, 1 h, rt; izarious anilines/ aliphatic amines,
DCM, N(Et)3, 3 h, rt, ; (3) LiOH, H20, MeOH, 4@, 1 h.
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Highlights:
1. 20 rhein derivatives were designed, synthesized and characterized;
2. Compounds were evaluated against osteoclast differentiation and bone resorption;

3. The most active compound d6 was reported with high activity and low toxicity.



