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Study on the Potential of Development of Materials

for Bone Disease Improvement of Cudrania tricuspidata Leaf

and Achyranthes japonica Nakai Complex

Kil-Ho Cheong, Dong-Hee Kim*

Department of Pathology, College of Korean Medicine, Daejeon University

This study was conducted to suggest the Cudrania tricuspidata leaf and Achyranthes japonica Nakai Complex
(CAC) possibility of use as a functional natural material for improving bone disease. Cudrania tricuspidata leaf and
Achyranthes japonica Nakai were mixed in the same amount, extracted with hot water, and then powdered and used
in the study. After, the cytotoxicity of CAC for osteoblasts (MG63 cell), osteoclasts (differentiated RAW264.7 cell), and
macrophages (RAW264.7 cell) were evaluated by MTT assay, and ALP assay and TRAP assay were performed to
confirm the differentiation capacity of osteoblasts and osteoclasts, respectively. In addition, the anti-inflammatory
effect in macrophages was evaluated by ELISA, qRT-PCR, and western blot assay. CAC did not proliferated osteoblasts
and osteoclasts, but increased ALP activity against osteoblasts differentiation and decreased TRAP activity against
osteoclasts differentiation. CAC did not proliferated macrophages but decreased nitric oxide production. Also,
decreased NOS2, IL1B, IL6, PTGS2, and TNFA gene expression, and JNK and p38 protein phosphorylation in a
concentration-dependent manner, but ERK protein phosphorylation was not changed. As a result, CAC increased the
differentiation and activation of osteoblasts, inhibited the differentiation and activation of osteoclasts, and regulated
the expression of inflammatory cytokines in macrophages. Therefore, it is thought that CAC can be used as a
functional natural material that prevents bone disease and has an anti-inflammatory effect.
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33 5 Zopxjoto] F2 AM¥stH, Adf,
, B, %7]%% stor|E M AZA Asto] AFRE|o] YT,
AF2E FRSUT Eujold Y S2E o9

SEY ;q] _9._1‘]'14 A Ao FE529] AANT Ei._ls) olE
oy FAMY xuF 52 @ uobo] gt Gt B o3t AL
b Rl glon, ma) o AL ApgE Faret matY, A5 7

MO zazmAsts JjA%0) fst L7t XI1siE]Qict. stA|TF Q)
2 AMgE A72e A% ot g 2L AU AP S5 O
A9t HPLC £41¢ 58 TABUL oo Existe et 2
Ao oigt A7*7 Ryelgick

L &(Achyranthes japonica Nakai)2 H|2i}o]| &5}= Al
EEAEY 42 Welnpos PABULY FUAsh Fohlot
of 2 Agete], 2WEY U 55 AN e A=A A
o]+ o] saponin, triterpenoids, phytoecdysteroid,
inokosterone £ = A&ho| §ubAol ssHgE S 95t 9o
B0, AR’ FULElA WEED, FAFIY, PPl o
A7t K19l glct.

T2ty 2 AofA= RAEUT A 95 Ed-E(Cudrania
tricuspidata Leaf and Achyranthes japonica Nakai Complex,
CAC)S A a5ty =ZA|E9] alkaline phosphate(ALP) &4} xu}
ZAM| 29 tartrate-resistant acid phosphatase(TRAP) &/dof of
g 9oHY 252 HAstgon, QANZANY 95 M a5
o digt {oAd 754% a710] ol Husto] T A M &
AMEA FRFUS $& BYEY AgIsEE AAlskeA

g},
Mz % g

1. A& &5

SR 485U 3uel goAEYsYY
1 9o FlH Ausgion, 3
Uut 9& 7} 25 g0|] 500 mlo] ZE42

Aok RxBUR of
100CoN 3A7 2334t 2322 AU it 3,
rotary vacuum evaporator(BUCHI Labortechnik AG,

Switzerland)E %3 7ZAY¢=&5til freeze dryer(ilShinbiobase,
Korea)g &oll &ZUZE 7#dqstoq 148 g9 EUY(SEE:

29.6%)2 dlou], -20°Col] HUstHA ARt

2. 2SN E "¢
AT A
serum(Thermo

ZZANEQ  MG-63M|E2E=10% fetal bovine

Fisher USA)xt 1%
penicillin-streptomycin(Thermo Fisher Scientific, USA)C2
T35l RPMI-1640 media(Thermo Fisher Scientific, USA)S A}
8sto] 37°C, 5% CO, =70] FRIE= M=EIY7IoA wlFstA
t}. A& 2~39 F7|12 AduiYsty &5t S=2 95 10 mM
9] B-glycerophosphate(Sigma-Aldrich, USA)?} 50 mg/mle]
ascorbic acid(Sigma-Aldrich, USA)E A7151900, media: 3
o 7oz AU

Scientific,

3. IEAlZ uiY

OreA  TjAIMEQ RAW264.7 AN|Z= 10% fetal bovine
Fisher USA)xt 1%
penicillin-streptomycin(Thermo Fisher Scientific, USA)o &
F4% DMEM(Thermo Fisher Scientific, USA)E Al&sto] 3
7°C, 5% CO, 70| {R|E = NZujF7]oA wjFsteict. AL
2~39 F712 Aduidste £8 f=5 98l 50 ng/ml9
receptor activator of nuclear factor kappa-B ligand(RANKL;
Sigma-Aldrich, USA)z}t 25 ng/mlo]
colony-stimulating factor(M-CSF; Sigma-Aldrich, USA)S #A
7hstden, mediax 3Y HFoz wAsHE

serum(Thermo Scientific,

macrophage

4. A g
of2 A AN ZQ9l RAW264.7 NlEZE= 10% fetal bovine

USA)at 1%

penicillin-streptomycin(Thermo Fisher Scientific, USA)C 2

T4=l DMEM(Thermo Fisher Scientific, USA)2 A}23}o] 3

7°C, 5% CO, 70| |R|E = AZujF7]oA wjFstgict. AL+
3¢ F712 Adugstol Ao Arg-stih

serum(Thermo Fisher Scientific,

5 NzAEE 53

EENE, GZNZ ¢ ANEES ZZF 96 well plateo]
1x10* cells/well2 EZ3to] 2447t wjgstqict. 8l &, CACS
50, 100, 200, 400 ug/mle] =% 2 Xalslal TIA] 24A]7t wjks}
o0, 10 ul® EZ-Cytox solution(Daeilab Korea)g #7151
Al Zug7]olA 3023 BHAIRT ¥ § 450 nmolN FEE
£ 535t NZAEES AT

6. ALP &4

MG-63 M|ZE 96 well plated]] 5%10° cells/well2 EZ5}of
24Xt vigStETh. 24X & ZakREHixle @ty CACE
50, 100, 200 ug/ml9] s==2 A2Jsto] 498 St iRt F wigF
AS  AAstr  PBSE AAsSQ. 0.1 %
X-100(Sigma-Aldrich, USA) 20 ul® 9o 37°Colq 3087 &
S A]7] L 100 mM p-nitrophenyl phosphate(pNPP;
Sigma-Aldrich, USA) 100 ulE #7135t & 37 °ColA] 3087 4t
2AF: Y2 $ 1 M NaOH(Sigma-Aldrich, USA) 100 ulZ
gol ¥F3Z AFXAZ|L 405 nmoA FEEE F7sto] ALP &
4 ALtstAt.

Triton

7. TRAP &4

RAW264.7 N|Z2 96 well plated] 5x10° cells/well2 B3
sfo] 24A17t HIFSIAC:. 24Xt 3 BlQmujx2  @sheln
CACZ 50, 100, 200 ug/mlo] =2 %|2]|5}o] 49 ZoF vjYsh
H djyole  AAStE  PBSE  AASIPT. 4%
formaldehyde(Sigma-Aldrich, USA)2 AZE 145t 500
mM p-nitrophenyl phosphate(Sigma-Aldrich, USA)?t 10 mM
tartrate(Sigma-Aldrich, USA)S =23ds}= 50 mM citrate
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buffer(pH 4.6)5 31ASH Alxo] 100 ul® EF5to] 37°CollA] 30
E7F 9k AlFHT. 98 & 1 M NaOH(Sigma-Aldrich, USA) 100
ulg 2o Y32 AAAZIL 405 nmoy FFEE FXsto]
TRAP &5 A4tstiot.

8. Nitric oxide AAF &4

NO assay Kkit(iNtRON Biotechnology, Korea)E A}835}o]
NO AdFS ZAs5tect. RAW264.7 A|ZE 24 well plateo]
4X104 cells/welll2 EZ35to] 24A]7F vjFsta 50, 100, 200
ug/ml %9 CACE Aastn, 243 & 100 ng/ml9]
lipopolysaccharide(LPS; Sigma-Aldrich, USA)S Z7}5l0] 184]
7t vjokstgich ujYg & A Eufjge 100 ulo] N1 buffer 50 ulE
Z7toto] Ad2olA 101t ¥HZAI7|L N2 buffer 50 ulgs F7}s}
o] F2oA 1027 ¥HgAZT ¥hg & 540 nmolA SFEE
Z7A5}0] standard curveo] £5to] NO AL AAtstdct.

0. 8RRt wHF 57

RAW264.7 N]Z2 6 well plateo] 2x10° cells/welll2 BZ=35}
o] 24A17t st 50, 100, 200 ug/ml s=9°] CACE X251,
2413t % 100 ng/mle] LPSE Z7}sto] 1817t wloratgict. Wl
5 AR5 AAM Al NZE total RNA extraction
kit(iNtRON Biotechnology, Korea)Z A}235}o] RNAS F&51
cycle script RT premix(Bioneer, Korea)2 A}&5to] ¢cDNAZ &
A5tk Rotor-Gene 6000(QIAGEN, Germany) AHH]et SYBR
Green RT-PCR Kit(QIAGEN, Germany)S Al835}0] initial
activation step(95°C 5&) 13], cycling step(95°C 5%, 60°C 10
X)2 403] 438519 91, housekeeping geneSlbeta-actin(ACTB)
o] HAFZ viger ZF JAR LI AT & AFolA
A28t primerE9] AHLE Table 19] &7t}

Table 1. The Sequences of Primers

Primer F/R* Sequences
NOS2 F CGAAACGCTTCACTTCCAA
R TGAGCCTATATTGCTGTGGCT
PTGS? F AACCGCATTGCCTCTGAAT
R CATGTTCCAGGAGGATGGAG
IL1B F AAGAAGAGCCCATCCTCTGT
R GGAGCCTGTAGTGCACTTGT
L6 F AGTCCTTCCTACCCCAATTTCC
R GGTCTTGGTCCTTAGCCACT
TNFA F ATGGCCTCCCTCTCATCAGT
R TTTGCTACGACGTGGGCTAC
ACTB F AGGGAAATCGTGCGTGACAT
R TCCAGGGAGGAAGAGGATGC

10. S WAF 57

RAW264.7 N]Z2 6 well plateo] 2x10° cells/welll2 HZ35}
o] 24A17F v9¥stal 50, 100, 200 ug/ml &%=°] CACE g5t
31, 2A1Zt & 100 ng/mle] LPSE F7fsto] 18A|7F v gstict.
i 3 ¥AEaste] A A7l AlZE RIPA buffer(Thermo
Fisher Scientific, USA)®} protease ¥ phosphatase Inhibitor

cocktail(Sigma-Aldrich, USA) &3t 892 A}835l0] TulxlS

Z&stglon), BCA kit(Thermo  Fisher
Scientific, USA)2 AZFste A7|F9%E519ct o] S, PVDF
membraneo]] THYBR-S transferi]7]il primary antibodyS 4°C
oA 18A]7t YFSA]ZH oW, membraneS A|A S0 secondary
antibodyE =204 1At SHEAIZ T OFA] membraned A|A
st ECL solution(iNtRON Biotechnology, Korea)2 #]2]5}o]
chemidoc fusion FX(Vilber Lourmat, France)2 THidl 43k

2 shlstgrt.

protein  assay

11. 5AA 8]

£ A3 Ail= meantstandard deviation©.2 JER|Q O
o, SPSS Statistics Version 21.0 (IBM, New York, United
States) AZ2IRE olgstt. & 1§ o FAA vHlz:
independent sample t-testE Al835}0] £38351¥ 1 of2] 1§ 7t
9] 3AA Y]l one-way ANOVAE Apgsto] 4335t¢lon, of
A|2to 2 tukey's range test® 3] p<0.05 $Fo]|A Lo4HS
A& Aot

2

L Az=d 53

ZEAE, EAE, QANRZAA CACY N2E/d A8E &
21517193}l cell viability assayS %1885t o0, CACE X a]5tX]
42 control1E-2 100%9] NZAREEE A7sti o]e} v|ws}o]
CACO| MZ=/ ojRE =Rlstict. &l Zut, CAC+= 50, 100,
200 ug/ml F%0A control1Fd} Apo]7t UERYA] ¢igron}
400 ug/ml FEoNe ZINE, GIAE L QANZE ZFoA
control 150 H|afl 10% o]’d°] NMEEEES A2 o 2
A= CAC7F 200 ug/ml ©0|5t9] F=oA= AlZ5/d0] UERGR]

uSe FAY 4 AkFig. D).
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Fig. 1. Cytotoxicity of CAC on osteoblast osteoclast, and
macrophage. Each cell were treated with 50, 100, 200, and 400 ug/ml of
CAC for 24 h. Cytotoxicity was determined by measuring cell viability.
Data represented the meanzstandard deviation of three independent
experiments. A; osteoblast viability, B; osteoclast viability, C; macrophage
viability.

2. ALP 84 =7}

ZZMI=O o] CACTT UlRl= &2 &elstr] 9lall ALP
activity assayS Zlsstgion, CACE A235tX] ¢L control1
52 100%9 ALP &4 oz AMAs5tu o]e H|wsto] CAC7t ALP
o] njxl: Qe selsigich. shel Az, CACE 50, 100,
200 ug/ml %04 control1§o] H|3] Lzo]FEAX ol §oA
ol ALP 2t4e] Z7b} UepdrhFig. 2).

140
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0
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Fig. 2. Effect of CAC on ALP activity in osteoblast. After MG-63 cells
were differentiated into osteoblasts, they were treated with 50, 100, and
200 ug/ml of CAC for 4 days. ALP activity was measured by the
spectrophotometry method using p-nitrophenyl phosphate as a substrate.
Data represented the meantstandard deviation of three independent

experiments(Significance of results, **: p <0.01, ***: p <0.001 compared to
control).
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ALP activity (% of Control)
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3. TRAP &4 Zt4&

nEEe] o] CACH UAlE JFe s 9
TRAP activity assayS XIs§stglon], CACE X5tk &L
control 182 100%2] TRAP &/doz AAsti o]9} H]|uslo
CAC7F TRAP &40 t]x]= ¥ &QIstyct. 2ol Axp, CAC
+= 50, 100, 200 ug/ml oA control1Eo] H|5}| HEol&EA
ol §o)Hel TRAP 49| 747 UERITHFig. 3).

4. Nitric oxide AHF 7ZtA

Nitric oxide Ao CAC7} U]X|= FG3FS =H0lstr] 93]
griess assayE Z13¥5t9i o0, LPSE Az|sto] CiAlA|xo] A5yt
28 9rste CACE A2JslA] Q%L control 183} H|ws}o]

3}
CACPT nitric oxide A3l Ulxle FF2 &Iyt &Rl 4

7}, CACE= 50, 100, 200 ug/ml = %o]A control1§o] H|3] =

EoEXolY RAAQI nitric oxide AWPF Fa7t LERHTH

(Fig. 4).
e
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Fig. 3. Effect of CAC on TRAP activity in osteoclast. After RAW264.7
cells were differentiated into osteoclasts, they were treated with 50, 100,
and 200 ug/ml of CAC for 4 days. TRAP activity was measured by the
spectrophotometry method using p-nitrophenyl phosphate and tartrate as
a substrate. Data represented the meantstandard deviation of three
independent experiments(Significance of results, ***: p <0.001 compared

to control).
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Fig. 4. Effect of CAC on nitric oxide level in LPS-induced
macrophage. RAW264.7 cells were pretreated with 50, 100, and 200
ug/ml of CAC for 2 h, and treated 100 ng/ml LPS for 18 h. Nitric oxide
level was measured by the spectrophotometry method using nitrate as a
substrate. Data represented the meantstandard deviation of three
independent experiments(Significance of results, ***: p <0.001 compared
to control).
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5. @54 A|EFQI FAR @Y A
%%‘é Ato| EFFQl SRR} WAZOCACTT UX|= FFS &
%4 £ 7ggst@on], LPSE 2lste] tjAA=
9| °§%‘?_ -2 °th_ CACE A=stA] g2 control 1Fi} H]
wsfe] CACY &5g ERlstgith. &9l ZAxy, CACE: 50, 100,
200 ug/ml HE0]4 NOS2, IL1B, IL6 QML LALS ZHAAH
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o1} 50, 100, 200 ug/ml s=o]A JNKe} P389] QIM3stE ZHA
NZo0, o5 control 1§ 3] FEEH0lT fNY 2

B2 £599ckFig. 6).
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Fig. 5. Effect of CAC on inflammatory cytokine mRNA expression in
LPS-induced macrophage. RAW264.7 cells were pretreated with 50, 100,
and 200 ug/ml of CAC for 2 h, and treated 100 ng/ml LPS for 18 h. An
inflammatory cytokine mRNA expression was measured by the gRT-PCR
method. Data represented the meantstandard deviation of three
independent experiments(Significance of results, *: p<0.05, **: p<0.01,
*** p<0.001 compared to control).
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Fig. 6. Effect of CAC on MAPKs pathway protein expression in
LPS-induced macrophage. RAW264.7 cells were pretreated with 50, 100,
and 200 ug/ml of CAC for 2 h, and treated 100 ng/ml LPS for 18 h.
MAPKs pathway protein expression was measured by the western blot
method. Data represented the meantstandard deviation of three
independent experiments(Significance of results, ***: p<0.001 compared
to control). A; Bar graph data of MAPKs pathway protein expression, B;
Band image data of MAPKs pathway protein expression.
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AA W w= w3t ¥ 24" F xAo] fIE:s F
(bone resorption) AT} MR =T xXo] MALHE =
(bone formation) #7g9] #Z ol 2 9 JEHE Al
712 BEFH. wol AL §AsHE T AE Ato]g

oh ok ok

W oox A

ol FURA HY ZEAZ at=dh /st 9F
(osteosclerosis)o|u} mZA|xo] ezt FAslo] 5t 2otgs
(osteoporosis)it Z2 Agho] WAsIH, FotElA @ Z #AA
Ze A% uw3gg 53 2N oA FFo| B
o2t gyt Z Aol oY 2 Aeg Yol T UA £ FAE
o &aAQ AR o gt A7t gFstA ol FolRK| L Ut
°]°ﬂ Ao FHF &50] 48 RAGUSE At
&2l ‘Te"ﬂiﬂ} ﬂ*‘ﬂi—‘] %"""ﬂ ]

ﬂil'-l

= A A AAE AAEN F87M54E AAISH LA shyct.

T ZAE Pdste ZINZE ASAEZ, AYAE, 3N =,
AROHAZS TRt A2z 3t 4 Qe 71EAIRQ FUF
ZIMZoA Qe ME=ZA AZ9to] alkaline phosphate(ALP)7}
ERste®, o] G4k AN3labt NPT Y A9 A A%
oA = TR o]FF §EFZ Foll T A=E 289 &K}
2R AZEHD QP B Aol PABUR Jdut 95 B
2 EIARY FAZ {ESHK= Rotern, 200 ug/ml 0|5}
9] o= Ao tigt E/4do] UehtR] gt EF F AL
=30 A &RAAQ ALP 8/4& s=&EXRCR FIMZeY, o
23t ik FASUE it 25 580 RIARY w3 Y
= JAo diF 716 2AEN AMEIESdE UE L QIok(Fig.
1A, 2).

2 xAg whste GEAZE GNT/AANE A5 o
Hzol, 28 TN ZoA m}ZAHEZ JALF 2 FAFE 1 receptor
activator of nuclear factor kappa-B ligand(RANKL) %
macrophage colony-stimulating factor(M-CSF)e} Z+2 3}st &
A QXSO 95 A4 Az =z9o B3hrt %quaa,ss,ae)' o}
AZe o8 975 AA 287} o]fo/X]H|, HA RANKLy} 2
t5to] tartrate-resistant acid phosphatase(TRAP) YN x=2
8}%] 1 interleukin-1, tumor necrosis factor-o(TNF-a)t Z+
HBEE AR AFFEO M=ot Auvt §gY TRAP ¢4 o
SEe Pabeth wehd mEAE Esto] xEQIAFEA TRAP
ool A8HT YTV, TATUR dat 95 BPLL 400
ug/miol el SN TEAEY FAL oAslglon, nEE
woo] AEARATRAP B HEAEHOR FaZ o
Aite 5o PABUL it 92 2¥To| BBAx) FAI B
s} oRETHE RS HAY 4 YTHFie. 1B, 3).

AFUSe A U APl cistel WA AAY
reactive oxygen species(ROS), nitric oxide(NO)?} Z2 5]-%‘%
2 interleukin 1 beta(IL-1B),
alpha(TNF-a)ot Z2 B34 AIEFIQIES Aoz Az
o, oleiet AEwgol A4Y A A ¥ SEbA T
4 954 Rue Yo] H7] G W AHARHS Aol
ShCp142)

and activator of transcription(JAK-STAT), nuclear factor

r|o Mr oo rul-.l
olt

olo
Hﬂ

tumor necrosis factor

ol3Jgt AZYr22 janus kinase-signal transducer

kappa-light-chain-enhancer of activated B cells(NF-xB) @
mitogen-activated protein kinase(MAPK)Q} 7+ t}oksh Als Al
g A=z 98] FRAUCP® o] £ MAPK: extracellular
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signal-regulated kinase(ERK), c-Jun amino-terminal
kinase(JNK), p38 MAPK 37]9] xugyoz BEE W QAkst W
2/dstelo] M=o FAlu 23, MEANE, tiAb 2 AAL AP
TR IRt AT yRSo] ol RABUL Qat 0 B
F=2 200 ug/ml o|5t9] FEolA TiAINRx0] tf§t 5/do] e
UA] goted, d583E fEste NO BYZE /9oL &

EojEAo e ZAaAZItHFig. 1C, 4). E3 A5 {AAE ¢
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