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Effect of Artemisinin and Artemisinin Derivatives in Differentiating Osteoclasts
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[ Abstract ] Objective; To compare the effects of artemisinin, dihydroartemisinin, artesunate and
artemether on osteoclasts differentiation, and investigate relevant signaling pathways. Method: Osteoclast
differentiation was induced by receptor activator of nuclear factor-k B (NK-xB) ligand (RANKL) in bone marrow-
derived macrophages ( BMMs). After different concentrations of artemisinin, dihydroartemisinin, artemether and
artesunate were treated , tartrate resistant acid phosphatase (TRAP) -positive multinucleated cells were observed by
TRAP staining. TRAP, MMP-9 and cathepsin-K ( Cts-K) mRNA expressions were detected by Real-time PCR,
and TRAF6 and p65 protein expressions were detected by Western blot. Result: TRAP-positive multinucleated
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cells were successfully induced by RANKL, and TRAP, MMP-9 and Cis-K mRNA expressions, TRAF6 and p65

protein expression were significantly increased after treatment with RANKL. Importantly, artemisinin,
dihydroartemisinin, artemether and artesunate could significantly reduce the number, nuclei and diameter of
osteoclasts after induction with RANKL (P <0.05, P <0.01), artemisinin obviously reduced TRAP mRNA
expression (P < 0.01), dihydroartemisinin, artemether and artesunate significantly down-regulated the mRNA
expressions of TRAP, MMP-9 and Cts-K (P <0.01), and artemether and artesunate had a better therapeutic
effect. In addition, the abnormal increase of TRAF6 and p65 proteins were obviously suppressed by artemisinin and
artemisinin derivatives after induction with RANKL, and the results demonstrated that artesunate was the best one
(P <0.01). Conclusion: Artemisinin and artemisinin derivatives could inhibit the effect of mouse BMMs in
differentiating osteoclasts, which may be related to the down-regulation of TRAP, MMP-9 and Cis-K gene

expressions, and the inhibition of TRAF6/NF-kB activation. The effect of artemether and artesunate is better than

that of artemisinin and dihydroartemisininat at the same concentration.
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HWE 20 pg- L' M-CSF K Ji ¥ & 50 pg- L~
RANKL ] a-MEM 5¢ 4 35 35 B 175 R 1 35, R K
W, 1E 5 A RANKL,
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J 25 14, RANKL + M-CSF % S 41, DL K A R 25 9
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Fig. 1
osteoclast differentiation( TRAP, x400)
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F1 BFEZERETEYNHBSHRTERMAAENZME(x+5,n=3)
Table 1 Effect of artemisinin and artemisinin derivatives on osteoclast formation and maturation(x +s,n =3)
24591 W/ pmol - L~ AL TRAP ™ FH 4 40 i 50/ 4 0% B 440 B A A -2 240 Bl AR/ pm
ZEH - - - -
7ias - 383.67 £29.16" 10.67 £2.65" 78.21 £15.69"
ART 3 289.67 £36.61% 8.29 +1.38% 63.59 +6.64
10 259.33 +34.08% 8.00 £1.15% 61.43 £4.16%
DHA 3 206.67 +40.41% 6.71 +1.25 47.43 £7.44%
10 193.33 £37.86" 6.14 £0.69% 45.71 £5.82%
ARM 3 108.67 £33.84° 3.14 £0.90% 23.43 £3.69%
10 80.00 +26.46% 2.86 +0.90% 21.43 £3.65%
ARS 3 98.33 +18.93% 2.71 £0.76% 16.71 3. 64%
10 94.67 +24.50% 2.14 +0.69% 16.00 +2.24%

S AR P <0.01; SHM LR P<0.05,Y P <0.01(%£2,3 ),

3.2 HE R LCHAT A Y B A0 A Ak 3R R Kk
BIszml /N BMMs 4 RANKL 5 $ 4535 6 d 5,
‘B4 4 Ak B9 RE 5 PR 5L D TRAP, MMP-9 fil Cis-K
mRNA [k 8 248 &, ik S 00 53 & 43.5,
9.5 K 13.8 4%, 3 F1 10 pwmol - L™ ¥ BF () WA &%
B Tk R R BE R XY BE W M TRAP, Cis-K

A MMP-9 mRNA f £ ik (P < 0.01); 3 H1
10 wmol - L™" ¥k i Y # #5 % b W1 & 4 il TRAP
mRNA (R8I EAG R EMH2Z 5 (P <0.01) ,{H
X} MMP-9 mRNA JG B & 520 , {10 pmol- L~ " ¥k fiF
AEW] I FE AL Cts-K mRNA £k, B A B % % 5
(P<0.01), W2,

k2 SEEREFTEYNH B M TRAP,MMP-9 #1 Cts-K mRNA Rk EM (x +s5,n=3)

Table 2 Effect of artemisinin and artemisinin derivatives on mRNA expression of TRAP, MMP-9 and Cts-K in osteoclasts(x +s,n =3)

2 51 He )t/ wmol - L, ™! TRAP MMP-9 Cts-K
2= H - 1.00 £0. 00 1. 00 0. 00 1.00 £0. 00
75 - 43.47 +8.52" 9.49 +1.79" 13.84 3. 42"
ART 3 20. 80 4. 69° 7.85 0. 84 12.57 £1.52
10 21.49 £3.29% 7.40 +0. 64 8.02 £2.26%
DHA 3 0.52 +0. 13% 4.69 +1.41% 2.66 0. 34%
10 0.41 0. 11% 3.55 +0.83% 1.71 0. 73%
ARM 3 0.67 0. 10% 4.03 +0.76% 1.83 +0.51%
10 0.59 0. 10% 3.91 =1.49% 2.07 0. 50%
ARS 3 0.65 0. 13 3.54 £0.92% 2.45 +0.74%
10 0.45 +0. 12% 3.46 £0.97% 2.16 +0. 40%

3.3 FHE R LA A Wl E g0 e 43 1k T g
AT TRAF6/NF-kB B 520 1E & /N B BMMs [ Iy,
TRAF6 1 p65 & |1 % ik, i £ &f RANKL 15 5% 6 d
Ja XA RAE B FERE (P <0.01) ;%4
220 a] AN [m] B BE M40 ) RANKL 75 5 (9 /) Bl BMMs
) TRAF6 F1 p65 £ 1K kK1 L8 (P <0.05,
P <0.01) , Hrp WA & R M & BEHE R I TRAF6
FIEMEECA IR (P <0.01) 117 & &R & Wik
M & BT EE M H p6s KK M AE ] b ¥

(P<0.01) %3, K2,
4 g

T F O R R R B 24 BT i DLUR IR
SARARAT A B W B AT T B3N T R s AR B i B
F [ [ R s RUR REDUE 25, Ok = )
XU 5 28 AT LA i 2 R A ) —— 6 IR
BEWG . B T HUEARE T ZAb, A7 R BOk B2 /Y BF 5
R T AT B AR R
B SCHRAE T 8 R KA AE WA ALRE U] 20 RA
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®3 BEEREMEYMHE MM TRAF6,p65 ERRIAMNF M
(xxs,n=3)
Table 3 Effect of artemisinin and artemisinin derivatives on gray

scale of TRAF6 and p65 protein in osteoclasts(x +s,n =3)

A WP/ pmol-L-'  TRAF6/GAPDH p65/GAPDH
= - 1.00 +0. 00 1.00 +0. 00
%S - 1.36 0. 08" 1.31 0. 10"
ART 3 1.14 £0. 117 0.38 +0.07%
DHA 3 0.72 +0. 10 0.96 +0.09%
ARM 3 0.89 +0.09% 0.23 +0. 06"
ARS 3 0.33 +0.07% 0.15 +0.07%
TRAFG e g s S c— w= 60 kDa

GAPDH e Sl S S s sy 3/ kD2
p65 W W ——— P = 7 65kDa

GAPDH = s s oS S s 5/ kD2
A B C D E F

B2 BEZEREMEME S TRAF6,p6S & 5 RikRk

Fig. 2 Effect of artemisinin and artemisinin derivatives on

expression of TRAF6 and p65 protein in osteoclasts
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L0 5 4 35 R 6T TR M, X LA G IF 9 75 B W S 6
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i % RAW264.7 545 H B 3% 5 08, Z i [ ] 4h 2% %
Z RS RAW264. 7 [m] % B 40 il 43 1k 16 J7 i
R Fh T 400 3R 5 0K P 400 25 4 2o B A 2 4K T A
Shy 10 B 40 I S A A L — D AR o 0 B A4
BT T A S AR AT BB A0 AR X T 40 R
RAW264. 7 A8 i SR N i B /L i H T 2
J A AR 10 3 R Af 225 40 %ot e 40 8 1 1 R
GPIAy o AW SE I8 i 4 B B 5R /N B BMMs, R A
RANKL F1 M-CSF 3 [6] 75 5 19 75 %, WL %< 31) 240 Jifg 44
R AR K, A0 A A H B 3 2 5 B0 R K
L TRAP [HME , R IR SG 25 1 T iR 48 4F 5 5 1 i
BN, XA LR TG, AR ERETEEK
FLAT A= A AL e A% 5 25 400 o) 0 -1 00 L 1) 2 B, 6 3
S TRAP BH M 41 i B0 /0, 3 BT LA i 8 -5 40 i 1y
A, B /0 20 B A A A B B R A S AR
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1M ., 76 A4S 5250 B ok Y 48— 25 9 500 & 09 55 10 R
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£ RANKL J2 i 96 55 8 DX - 58 1k (9 B 53
5 200 AR A B R I 7 AZ iR RANK 25 5, B &
T TRAF6 H) 3 &, i — £ % 1§ NF-xB M
NFATcl , {23 TRAP,MMP-9 1 Cts-K 25 ff 5 20 i 4%
SRR 0 3Gk, B A5 T B A0 L G Ak B TR
WP BT B 5T 2 B TRAP, MMP-9 A1 Cis-K fig
TE BB 240 L PN e B SRR R R i W A 1 i
[ N A 27 3 A R H AR Sy i E 4 Y B R A L
TRAF6 J& M N iy B 2823k 4y 7, H 5 RANK iy 45
F o o A0 N A R R A PR B e
1Ml NF-xB {55 38 [ 32 % B 40 i 2B AT b i) =
BE S R, 7 R A B T R L B
B W W T e B 4ERE 5 T, TRAF6/NF-kB K 5 45 e h
FEPWEEN . AR LIE & R L HAGEY Y
Al g Z A TRAF6 Fl p65 1y Kk IR F i &R
K H AR AW T4/ L BMMs i) TRAF6/NF-«B {55
5 Y SR E AL, S B R A R iF L ) TRAP,
MMP-9 FI Cts-K J& [H (1) 3 35 4 AN [ A4 32 1 R A1

G b ARSI R R FH R U LAY A
Al RANKL 755 (19 /N B BMMs [i] % B 41 Jfd 53
R ER, HAESCYE - P e 5 F 9 TRAP, MMP-9 Al
Cis-K L[R2 3K, 300 46 0 B 400 it 4 b 3 fi 32 22 (5 1
TRAF6/NF-«B 1) 3% A6 A 5 5 A1 Rk B2 s WY Ik A7
EEERRE L EE EMNA T & RE R, XN
R ST Y TS G2 IR IRIT RA SR G 9%
g B I DR 0. FH B it S 56 S K5, oA BB R R4
(R — A R SR 25 R .
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