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Abstract

BACKGROUND: The activation of osteoclast plays an important role in the occurrence and development of periodontitis. In recent years, shikonin has been
used as an adjuvant drug after periodontal non-surgical treatment because of its small side effects and anti-inflammatory properties.
OBJECTIVE: To discuss the effects of shikonin on osteoclast formation induced by receptor activator for nuclear factor-kB ligand (RANKL) and osteoclast-related

gene expression.

METHODS: The toxicity of different concentrations of shikonin (0, 0.062 5, 0.125, 0.25, 0.5, 1, and 2 umol/L) to RAW264.7 cells was detected by cell counting
kit-8 assay, and the optimal concentration was determined. RAW264.7 cells were induced into osteoclasts by different concentrations of RANKL (0, 30, 50,

100 pg/L). The number of osteoclasts was revealed by tartrate resistant acid phosphatase staining, and the optimal concentration of RANKL was determined.
After treatment with different concentrations of shikonin, the effects of RANKL on osteoclast formation were detected by tartrate resistant acid phosphatase
staining and tartrate resistant acid phosphatase activity. The mRNA expressions of osteoclast marker genes, including matrix metalloproteinase 9, cathepsin K,
receptor activator for nuclear factor-kB, nuclear factor of activated T cells and proto-oncogene c-Fos, were detected by real-time quantitative PCR.

RESULTS AND CONCLUSION: Shikonin at a concentration of higher than 0.5 umol/L significantly inhibited the growth of RAW264.7 cells (P < 0.05). The optimal
induction concentration of RANKL was 50 pg/L. Shikonin inhibited osteoclast formation in a concentration-dependent manner (P < 0.05). Shikonin also inhibited
the expression of matrix metalloproteinase 9, cathepsin K, receptor activator for nuclear factor-«B, nuclear factor of activated T cells, and proto-oncogene
c-Fos in a concentration-dependent manner (P < 0.05). To conclude, shikonin can inhibit RANKL-induced osteoclast formation by inhibiting the expression of

osteoclast-related genes in a concentration-dependent manner in vitro.

Key words: shikonin; osteoclast formation; periodontitis; RAW264.7; receptor activator for nuclear factor-«B ligand; induction; nuclear factor of activated T

cells; proto-oncogene c-Fos
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HAEE R AN S0 s AR DI RE U7 T A 1R I 14
P, ol R 22 b P R F T TR A0 A A A L A%
KB Z A% AL Al -l 4K (receptor activator for nuclear factor-kB
ligand, RANKL) 55 {5 40 M i AR 4 o 45 &, i o ¥ 1 71 Al
B BRI R SR T, TR ER B A 2 pk e S
# (Shikonin) JEA7-7E TR F R [ — PR &Y, BAH
U HURERE ML PUMOB SRR MY, E Ak O Hh R A
HIBERMERE W R BRI DhRCK SR S T R R 9T
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1 #R}F55E Materials and methods

1.1 &%t g eses.

1.2 aflE &bk SKERT 2021 4 3-8 HEMRIER K- —
o I B i P 2% 2 BF 5 6 B o

1.3 ## RAW264.7 40 i ( 3000 vk 28 4E dn BHECA IR A
7] ). DMEM ¥; 375, o-MEM 8% 35 2 (Gibco A F, EH ),
B4 25 I3 (fetal bovine serum, FBS)., T 7% %% - #% & 25 Wt
(penicillin-streptomycin solution, PS)(Biological Industries 2\ &,
DLt % ); #4H /N B RANKL % [ (Peprotech A w], 3 );
BELE (YEn, PE B ) U A ER IR M 6 R Al e (7
& DUl A R MR A MR & (R, P ) 4
Ji 25 1% 577 (Dojindo A w], HA); S skl & (Thermo
Scientific /A &), %[ ); Quanti Nova SYBR Green PCR iz 5] &r
(QIAGEN A w], fE[H ),

1.4 K7k

141 4iaHFE /NRE BRI RAW264.7 55 5 R0 F
AT 7 H 10%FBS . 1%PS ] DMEM 58 421 F5 5 R 40 i i A
BT 37 C. A4 5%CO, FFRAa i B i A, I H M EE
S NGRSO, AR RS 2 70%-80% fEAX. VRAT

RAW264.7 {HARHIIESE

RINFRE S AU L 10%FBS. 1% T EE R - BEE ZOUL (PS)

1EHEHE BT 37 C. AR %L S%CO, HEFRAE TR A B, K H US4
L

AR RS A 70%-80% 1448, 2d 4% 1 vk, BUES 5 ARGEREEAT i
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1.4.2 CCK-8 4N EsLls % RAW264.7 4N L) 2x10%/ FLI =1 | £ESIHFF)
o . Table1 | Primer sequences
WM T 96 Lk, #FFL 100 pL, FEH 6 ANEAL. 24h m o —
7 N N | Gkl P
JE R R RIS R ERIRE N0, 0.062 5, 0.125, 0.25, (bp)
0.5, 1, 2 umol/L J2 7 0.1% — FEL K DMEM SE 48573, semammn  forward 5-AAA CCCTGT GTT CCC GTT CAT C-3/, 119
AT 2 2 A~ 100 | o reverse 5'- AGT TTA TCC TGG TCA TAG TTG GCT GTG-3".
YRR 24, 48, 72 h JEAIHETRAE OV 10%CCK-8 ] RANK forward 5'-GTC TCA TCG TTC TGC TCC TCT TCA TC-3, 85
) DMEM ¥53: 3%, 37 CH¥HE 2 h 5 T-lgkrix ik 450 nm reverse 5'- GCT TTC CCT CCC TTC CTG TAG TAA AC-3".
; . SN s \ N ; YRR K forward 5'-CTT CCA ATA CGT GCA GCA GA-3, 155
Meta. BN IE A FAMAFEZR: (S8 - 20 revvevrse 5'-TCT TCA GGG CTT TCT CGT TC- 3';
L)/ SHHE AL - 25 4L )]1x100% . WAL T 4Hffi4%  forward 5'-CCG TTG CTT CCA GAA AAT AAC A-3, 102
A reverse 5'- TGT GGG ATG TGA ACT CGG AA-3'".
1.4.3 RANKL [ i Sk B 07 ¥ RAW264.7 4 i LL 2x10°/  cfos forward 5'-CCA GTC AAG AGC ATC AGC AA-3", 247
11 BR N reverse 5'-AAG TAG TGC AGC CCG GAG TA-3'
LI SR T 96 AL, R4l 100 L, B3 AL GAPDH forward 5'-GGT GAA GGT CGG TGT GAA CG-3’, 233

24 h J5 20 NG BE 7 X SRR IR AL, M 0, 30, 50,
100 pg/L RANKL [1] a-MEM 5¢ 43577 55, [ R#eill. #5395 5d
J&i FH PBS e, 40 g/L % 5 FEE [H] 2 40 i 10 min, SR HTIE
F R RV R B G (Lt A B Y o {3 B AH 22 e S,
E SRR 2 P R MR B ) B (A A% = 3).
1.4.4 B ARRRVERRRE € K RAW264.7 i1 L) 2x10°/
LI AT 96 FLER T, BRfL 100 L, BR2H 3 MEFL. 24h
J 2 R RE 3 2 SRR R AL, A NN & RANKL(50 pg/L)
H ¥R 0, 0.062 5, 0.125, 0.25, 0.5 pmol/L [£] a-MEM
SEARRIRAL, BROR¥RW. Kr3R 5d 5 PBS ¥k 2 3, 40g/L
5 FR I [ 52 21 1 10 min, SR FH B0 A R T P ol R A e 2V
TGt . B EAR 2 BB UL, 10 SRR A B
R (M %S = 3).
1.4.5 PUils A BRER I B IR B VA PEAS I K RAW264.7 2 i1 LA
1x10°%/ FLI 2 BEBERD T 24 FLAR R, RRAL 1 mL, B 3 AN L.
24 h J5 40O BE 35 25 SRR IR AL, 73 NN 2 H RANKL(50 pg/L)
HEERWE N0, 0.0625, 0.125, 0.25, 0.5 pmol/L [ a-MEM
FEARE IR, MR . ¥R 5d 5 A PBS Bk 2 0, A
0.1%Trition ZL AR 4N MU PE LR 1, R PR A 198 19 1 0% I I A
T B TE 405 nm M E R ESE . ARIEEEIE € S, 1A H
TR A o PRI T A T A ol R T
1.4.6 SZEFER PCR K RAW264.7 4 L) 1x10°/ IL{H) 25 & 152
FF 6 cm £ IR, AL 5 mL, A4 3 N PATIL. 24 h )5
S G e 7 5 R R R AL, NN B RANKL H 58 FE 3R FE
90, 0.0625, 0.125, 0.25, 0.5 umol/L [f] a-MEM 554> k5
He, BRRHEM. 557 S d Ja R H] Trizol AR BUE RNA, JEH
o 5% it cDNA F T Real-Time PCR A il 22 ot 6 J 2 1
RANK. #H 2R A K. 351k T 48 i #% K] T (nuclear factor-
activated T cell 1, NFATc1) 15 J&s 5E K] c-Fos mRNA [1] & ik,
il FH SRR #2910 uL, Mgk fF R 95 'C 55, 58 'C 30's,
HAT 40 NME . EER B YT A ILER 1, DL GAPDH NN £,
i 27 SRR B LR A Rk K
1.5 T EZRREAF Ok EEREH T RAW264.7 411
A AR L @ 1% 5 5 A5 F 20 0 1) 55 £F RANKL 7 59k
s @M%—%ﬁﬁzﬂéﬁﬂﬂ@ﬁ@ﬁﬁf\ PTG A TR TR 1 Tl o g 4 €2 2 B
A TR IR M B R AHIE PR 155 s (OB B 4 PR A e 5 PR 5 o <
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reverse 5'-CTC GCT CCT GGA AGA TGG TG-3'

JEHE N 9. AL B K. RANK, J&4L T 4 ffL % K1 A1 c-Fos
) mRNA ik,

1.6 %itFE o4t K SPSS 24.0 Giit- #R A AT it 20 H
THEBERMEH xts Rox, R IEASE 7 25, RS
RIZE 7 250 M, 218 P EL R ) Dunnett 55 5 AN 2 IE
AR =T, MR A RAL 5. R 56 K #E: a=0.05,
P<0.05 AZERARENE L. XESIHFITECEBETH
BERIRZEEMGAT T KT

2 Z58 Results

2.1 EFEE 3 RAW264.7 fa itk A F ey #vh NG 4H Ak
FHIRAT IS A 1% (19— HE AR, A HERR 48 5 2 i
4T Jf AE B 24 A B 20 B 1 DA R R AT I A 11 R T
B & 3 PEAE T 5850, K CCK-8 HL i3 & 0-2 umol/L
B R B R BE Y 1% — H 3R IV B N RAW264.7 41 i 7E 24,
48, 72 h g EEEAEH . 45 R WoR, 0-0.5 umol/L [ 45 5E
E 1% —HEETEH 72 h P RAW264.7 (198 P 7E I 8/
0.5 pmol/L 7£ 48, 72 h f 7 3% % 43 5 A 91.1% Fll 76.6%( 13

P<0.05); 1, 2 umol/L 7F 24, 48, 72h N £ i X WL T
50%, SxHHEZH (0 umol/L) ML Z R A B M X, 1 HiAl

WREE S X A AT EL 22 5 TE W R e DRIk, SEIG ik T

S _
0.062 5-0.5 umol/L [ 46 FE 3 I LR AT J5 S 9256, WLak 2 A
& 1,
F2 | BEEX RAW264.7 A E RIS (xts, n=8, %)
Table 2 | The effect of shikonin on cell viability of RAW264.7
i 24 h 48h 72h
FEZE (0 umol/L)  100.00£0.00 100.00+0.00 100.00£0.00
1% — FRFETEAR 86.45+12.19 86.95+4.92 88.3413.82

EERIRE

0.0625umol/L  104.7247.13 104.65+1.91 105.72+4.61

0.125 pumol/L 113.98+5.43 105.88+3.23 108.58+14.46

0.25 pmol/L 106.816.17 103.8345.59 103.67+16.48

0.5 umol/L 95.72+3.86 91.11#3.90° 76.62+3.30°

1 umol/L 31.1948.23° 44.82+0.56" 5.61+0.84°

2 pmol/L 41.82+4.94° 42.70+1.32° 5.13+0.44"
Fil 62.41 191.50 202.80
Pl <0.000 1 <0.000 1 <0.000 1
FyE: S 4Lk L, °P<0.05, °P<0.01
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I e 4L 3 0.25 umol/L %20 % - o ; i
_ O HIETR B 0.5 pmol/L 4255 P 7
1507 o.0625 mol/L % 0 1umol/L HEE i "
[10.125 umol/L 45 &% I 2 pumol/L 4B % s i ;
1 b ; ¢
A il e g
= 100 a BE 5 x e i T [ RANKL(+)
B3 S B ” a [C10.062 5 umol/L
*i a - :.»\ s X - ,f a a P ’
o e - S oo 0.125 L
i Fei - R i
E b ;."-' % 7 L I:IOZSumoI/L
5 50= b bb ':"‘It .f’"'t- - ? il
e e R 1 O 5 umo/L
o HER
b b Kld: 18 A-D 818 R 0EE T LS (x100), A 75 14; B 24 RANKL 41
0= C y RANKL+0.062 5 umol/L 45 5 2 4; D Sy RANKL+0.125 umol/L 45 i & 41;
. 24hA a 48h b 72h E y RANKL+0.25 pmol/L 5B 241, F 3y RANKL+0.5 umol/L 28 EE 24, Hi
Bl SXPRALIHEL, P <0.05, "P<0.01 P R R 2 € ) e L AN MR H KT 3 N A B 4t (el

B 1 | LERX RAW264.7 HHREAE 7 2R A2 00
Figure 1 | The effect of shikonin on cell viability of RAW264.7

2.2 RANKL /R & R BT AT sl R 09 %om AIFFT RANKL
JoR R AR FEE R ik 1 40 i A ¥ 2 e, 0, 30, 50, 100 pg/L
RANKL 4b 3 5 do HUIP A R IR T ol R i e €0 30 7k, RANKL Ji
R PR v B E R H B 22, 100 pg/L ZH TR RE R 4 LN
(R4 B AZ 3 oAt 2 P S B 42 . 30, 50, 100 ug/L RANKL 415
93P X HE ZH A P 3 2 S A R 3 1 L (P < 0.05), {H 50 pg/L
55100 pg/L 2 B % o W R L. R, SEEG e+ T
50 pg/L 1] RANKL R B H 47 f5 2250, W& 2, 3% 3.

IHE P& A A A 1 X B ZH; B 4 30 pg/L RANKL 4; C A 50 pg/L RANKL 4;
D >}y 100 pg/L RANKL 2H . 707 A F% TR 14 folf T ity S €4 BH 1k FLAN A% 2 H K
T 3 AR AR (R Sk BTE )

E 2 | %EF «B FATELETFHE A (RANKL) B K B x5 & AL Ak
B (EERNERET, WEARERMMEEESRE, x100)

Figure 2 | Effect of receptor activator for nuclear factor-kp ligand
concentration on osteoclast formation under an inverted microscope
(tartrate-resistant acid phosphatase staining, x100)

73 | RANKL REIREX B MEERBIZME  (xts, n=4, 4~/ MIF)

Table 3 | Effect of receptor activator for nuclear factor-kp ligand
concentration on osteoclast formation

RANKL Jifi &3k & T A i

[ % R 2H (0 pg/L) 0.00£0.00

30 pg/L 10.67+1.53°

50 pg/L 25.67+1.53°

100 pg/L 25.67+1.33°

FiE 188.1

PAH <0.0001

FevEe PO R BERRNG U o JH M FLANI % B KT 3 A B A M 47 1
¥, SXTHRZAHLE, *P<0.01. RANKL: #%[H T kB 243G AL K T4

2.3 REF I RANKL 5-F 09808 e i, NIF UK
FO TR B A A B ST, ) RANKL AN [] 34 B2 ) 45 B 3R
(0, 0.062 5, 0.125, 0.25, 0.5 umol/L) & B 5d, 4T Hi i
AR VERERE I 4 2. 7F 0.062 5-0.5 pumol/L I J& I} 45 21 3¢
REREAM IR S RANKL 15 (1035 B 40 A, 9 Sk R A 1
(F=124.2, P<0.01). IEAl, HEEFE LR B AR 7 PR AIC
TR A A I AR RO A PR R M B BRI VS (F=676.1, P <
0.01), WE3, *4.

B TR ) G NI A BRI MBI M % A, 7
5 RANKL ZHAHEE, °P<0.01
E3 | ZEZX#ZEF «B
SHLENFZE

Figure 3 | Effect of shikonin on osteoclast differentiation induced by
receptor activator for nuclear factor-kB ligand

THAARS 5 E 0T,
S ORSE L E FECA (RANKL) i35 S R0 B 28 A

R4 | HEZRIRANKLIFES MBS BB LBISNE (s, n=5, /L)

Table 4 | Effect of shikonin on osteoclast differentiation induced by
receptor activator for nuclear factor-kp ligand

2H 51 T A 2
2541 (5 RANKL) 0.00+0.00
RANKL 21 25.67+1.53
RANKL+0.062 5 pmol/L 4 &% 16.67+1.53°
RANKL+0.125 pmol/L 455 % 11.330.58°
RANKL+0.25 pumol/L 4555 % 8.6741.53°
RANKL+0.5 umol/L 4555 2% 4.00£1.00°

F 18 124.2

P 1A <0.000 1

TP HCHUNIAT R B U I AN B KT 3 N R A AT
B, SHTHEZHAREL, *P<0.01. RANKL: %K1 kB 524435 fb K it 4
2.4 FFF I RANKL 5569808 mlota kL B Rk At
— A UIE S EE B BRI R 4 PR ) AR R, I S E
PCR K I 8 5 2 %) RANKL 5 % 5 d J&5 B 4l I AH DS AR 4 3
Al mRNA FIE 520 . 2553 0.125-0.5 umol/L 58 i & 1K
AR 2 R & B R AR 9. AHAUE AN K. c-Fos( 1 P <
0.01)mRNA 7KF-f#13815; 0.062 5 pmol/L [ 45 55 2 %} RANK.
WAL T YA IR F 1 mRNA 7K (380K B AT 1A S 0 30 1 18 F
(¥ P<0.01), k5, Ea4.
<5 | BRI RANKL E S HI5 B LHREHE X & E AR 2200

(xts, n=5, HIXIFELE)

Table 5 | Effect of shikonin on expression of osteoclast-related genes
induced by receptor activator for nuclear factor-kB ligand

Hl FE T 4 )8 T kB 2 H AL IS A6 T 4 c-Fos
HAM S MIEEF K Ji A% R+

RANKL 2H 1.00£0.00 1.00£0.00  1.00+0.00 1.00+0.00 1.00£0.00

RANKL+0.062 5 umol/L  0.99+0.42 0.77+0.12° 0.87+0.34 0.61%0.16° 0.85+0.19

HRR

RANKL+0.125 umol/L 4§ 0.43+0.17° 0.69£0.20°  0.60+0.11° 0.43+0.13" 0.75%0.18"

HHE

RANKL+0.25 umol/L % 0.32+0.09° 0.630.14°  0.49:0.26° 0.410.19° 0.70£0.24"

R

RANKL+0.5 umol/L £ %% 0.29+0.23" 0.39£0.11°  0.34+0.15" 0.33¢0.13" 0.330.08"

Fi# 21.37 23.64 15.26 30.14 20.95

Pl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

ZvE: 5 RANKL AL, *P<0.05, °P<0.01, RANKL: #%[KF kB SZ4AF AL PR -1 Ak
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