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Icariin inhibits titanium particle-induced inflammatory reaction

Cui Jing-fu, Xu Yao-zeng, Zhu Shi-jun, Zhu Feng, Fu Wen, Shao Hong-guo, Geng De-chun (Department of
Orthopaedics, the First Affiliated Hospital of Soochow University, Suzhou 215006, Jiangsu Province, China)

Abstract

BACKGROUND: Studies in vitro have suggested that icariin can attenuate lipopolysaccharide (LPS)-induced
acute pneumonia. Is the anti-inflammatory effect of icariin still valid in the presence of wear particles?
OBJECTIVE: With studies in vivo and in vitro, to investigate the regulatory effect of icarrin on titanium
particle-induced inflammatory reaction.

METHODS: (1) Studies in vivo: Eighty male C57BL/6 mice aged 6-8 weeks were randomly divided into four
groups: control group, icariin group, titanium particle group, and titanium particle+icariin group. Mice in the
titanium particle group and titanium particle+icariin group received surgical procedure, and sterile and
endotoxin-free titanium particles were implanted on the calvaria surfaces to induce inflammatory reaction. Mice in
the control group and icariin group received the same surgery, but no wear particles were implanted. Then icariin
was given orally to mice in the titanium particle group and titanium particle+ icariin group with a dose of 200 mg/kg
per day for 2 weeks from the day of modeling. Mice in the control group and icariin group were given orally the
same dose of placebo. Two weeks later, tumor necrosis factor-a and interleukin-13 at protein and mRNA levels
were respectively detected with enzyme-linked immunohistochemical (ELISA) and quantitative real time reverse
transcription PCR (gRT-PCR) analysis. (2) Studies in vitro: Mouse monocyte/macrophage RAW264.7 cells were
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cultured with different conditioned media: control group, nuclear factor receptor ligand kB (RANKL); icariin group,
RANKUL+icariin; titanium particle group, RANKL+titanium particles; titanium particle+icarrin group,
RANKL+icariin+titanium particles. Titanium particles stimulated RAW264.7 cells were co-cultured with RANKL and
icariin for 72 hours. Tumor necrosis factor-a and interleukin-1f at protein and mRNA levels in the supernatant were

detected with ELISA analysis and gqRT-PCR, respectively.

RESULTS AND CONCLUSION: (1) Results in vivo: icariin treatment obviously decreased titanium particle-induced
inflammatory cell infiltration and made the thickness of periosteum thinner, down-regulated tumor necrosis factor-a and
interleukin-1B expressions at protein and mRNA levels. (2) Results in vitro: when RAW264.7 cells were stimulated with
titanium particles for 72 hours, tumor necrosis factor-a and interleukin-13 expressions at protein and mRNA levels in
culture media increased obviously; when icariin was administrated, tumor necrosis factor-a and interleukin-13
expressions at protein and mRNA levels down-regulated significantly. These results suggest icariin can obviously
suppress titanium particle-induced inflammatory reaction in vivo and in vitro.

Subject headings: titanium; systemic inflammatory response syndrome; drugs, chinese herbal; tumor necrosis

factor-alpha; interleukin-1beta
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N BRI TE R AAE T S AR RERHR 2 B 4L R
Fo UL D7 VRSB ORLA T (W TR JORE R N R
J5 450 mg/kg AT I EL L A0 IS s S R, PRI ) )
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a-MEM#EFRIERE TR, SR41LIET0 ug/LiZ B FRBAZ M4
R, 0.1 g/LARIRI I a-MEMEE SR LB 9%, SR+IR LT 1740
LLET70 pug/LAZ N FkBAZ AR R4 0.1 /LK . 107 mol/L
EEETMa-MEMEFZREL TR . Rtk ob, S4lgRItd
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BRI . WA IR ERE T I M a-MEMA KB HIVE 23
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RV(RT-PCR): I FHRT-PCRE 447 /S [ 4k B 4 iigq 1 5F
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Uf (¥ extaq i /£ PCR Y™ 14 4% L # 1T RT-PCR, % % 3k Al
GAPDH{E A ZHESER . 3 41 40 f b S ASI 3k LU R 45 SR
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H5 N Z IR L JEAREL .
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B, MAYEAIME S, RUEARED, BEEGE 5X
TRAMHEL, BRI BRTE B B S B 2, A RSP T K 4
Mo, RUEMARIEZ, A4, SRrE e
A FTUFFE (L), Paint NETHEHI 45 LT R 3%
FEFH. RA. R EFE T A E RS 550k
(0.07+0.01), (0.06+0.01), (0.2840.04), (0.12+0.02) mm.
BASHRAmMEgEEELREFAEEERE P <
0.05), Ut FHERRTRIF AL IR R PG R 5 SRR
L SR T S R P b2 ey BB PR (P < 0.05),
VLR TR IS RIS S B s S i S
LA IR A L2 R B E R (P > 0.05); ¥
A SR F R T A E B R R A 7% g B X
(P <0.05), iIX KR FFE T ARR T MRS 500 900
Ko

213 EFEET MRMERIERE o 34N R IBEK
MRNAEKIE e % A IR R R Fas B4R 2218
MRNAEKIEE R, R4 h = HKIEES HF 27.6£0.6F1
9.8+0.9, WML ZERA RENE (P < 0.05), XEKHEK
ok 23 LIRIEIRSEN Fa. A =1 BRI R /KF,
ERRORLI) RAETS SAEHE AL 2 R I 2 PR+
BRI IER Fa. BN ZE 1B mRNARIE &5 2
24102121402, S5HAMLERAGEEEE P <
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0.05), IXEIEFEEFHHIMEIRIEAE Ta. B4IRNF1B
B AL EmRNAZKSE i, X AL E TR T
ELISARIIEE s EEEH MBI Ta. A4 RN
F1BEKIMRNAZK L 45 il 40.8+0.1F10.8+0.1, 5% 1
M2 R B FETEE (P> 0.05), XEWIXFEHR /I
BURLRE T A BRI IR RSB R Fas B4l 2= 1B
FiLE(E2A).

214 RFEFETIEIERTER Ta. AR R1BEAM
B SR BRRTE Ta. A4IRN R1BE A REIREY
435 4(237.1237.4) ng/L#1(133.8+19.6) ng/L; SRETRIAEA
5, MEIARIER Fo. AR BIT R IR LA PR K
B, 43 5)ik5)(1447 .8+78.2) ng/LF1(889.2+45.9) ng/L, 5%}
TR E s AT B MR (P < 0.05), X BN (K EA Bk
RSB 2RO B RAER T SRR R AR
HLHRVETT GRS PER Ta. A ZARE A EIRE
2% (568.8+42.3) ng/LF(279.3+19.4) ng/L, 5%kZH L
AT BEER (P < 0.05), iX R R 1 ] B3R
TR S B I ZRE R TR (R SRR T AL, 4R
HELEE TV IE A To. RN FZ1BE A T RIRIE)
(P < 0.05), IXFINEFE HIRHIHEHER 2GR, HiE
W HIGS T RO T R R TR E R B R, R
EAHEWERRATEAN, HIER TR A FIT R
SRR JORE AN R L, XS TR AR~ et i
SUR—3G B R Fa. B4R R1BEA
SRR 435 41(99.0426.2) ng/LF1(96.0+13.9) ng/L, 5%t
HRZH E 22 T B s SU(P > 0.05), 1% 2% HI7E ToAR Tk il
BOTEDU R, AR /D RIS E To. A4
A ERABAIE P REBTCH B HIE R (B12B).

2.2 WIMmpRIE R LR R

2.2 A PR SRR o, AgliE
1B MRNAKIL e ZHRAW264.7 41 i igg 3k
JEHEFa. AN ZE18 mRNAZGE R A1, BR41IRR
FERFas AR = 1B EE N s B 4 B b 4.121.0 F0
10.122.0, SXTHAIAHILZE 7 B R (P < 0.05), i
Bk % IIRAW264. 740 i SR JE R o E 4l
RN RIE R SR MRS Fa. B4
F1B MRNAEAE FiE2.120.8517.0¢1.2, 4k 2
FHEBEMERE (P <0.05), B EET D&M
R S ) JE R P IE R R IE By IR 4LRIR SR A
Fa. A4 218 mRNAZ ik & 4 %) 4 0.9+0.1 F1
0.9+0.1, L5xf 2 b 7% 7 0 B 3 1k & (P > 0.05), iX
T AR R R R B R, iR T RAW264. 741 i
PR SE R Fa. A9l N R 1R FE R IE & LW B,
X5 RNPCRE RAM—8; S FEFAML, k¥
FEIFAMBIR LN Fa. 41/ 218 mRNAK T3 18
# LA(P <0.05), XK BIEMOR IR S NI AEE
JORE R THIHIE R A58 21k (BI3A),
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2.2.2 RTINS SRR Ta. B4
NFABEAR  WHANEISER Ta. B4R FE1BE
FIZKT43 31 4 (79.0412.8) ng/LA1(66.047.8) ng/L. 4kZH fif&g
WA Fa. A4 R 1BE F/KF 4(259.4417.1) nglL
F1(265.8+14.2) ng/L, SxHHEZHAEL 2 74 B MR (P <
0.05), UtHAERIURIRIEG AR TR LI AR+
EHAMBEKREHE Ta. AN Z1BAK T2 34
(147.2417.1) ng/L¥1(132.129.2) ng/L, Sk ZERAE B
EERE (P < 0.05), Ut HHEEREH T 1A 23 R ARk 175
SRREHE TRAG REEFAMBEEE Ta. Q4R
FABEHAK T3 4(56.0£9.6) ng/LF1(47.0¢6.3) ng/L, 5
SR AR L 22 50 B R (P > 0.05), X i 2L 1wt
IEHRAW264. 740 i 5 AE FREBOE I SAMHEIER, 1X—45
R EMNELISAZHr 4 R —E(EI3B).

3 1Fi¢ Discussion
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AT B Rk B A R A AR, DRI, B
TR 15 5 10 JC R P 0 A M 8 R A I o AR D R e
vhoriE B A (R0, IR I JORE N 29y T A
) R B R T AP,

FE BRI SR A Z BT, R SR AR o
F 4T A 281 B A 5 | AP 8 1) 2 SRR M IR 7 AR M A )
AL rpst B RPT, TR PR AT IR T ook B b A% L A
ARG, R—Fia R IEN R T, 1R RAER
W RRAL, TTLLE S A48 A4l 65 ) IH
DT BB, o JRE SN EA W AR A F o BB BR ZE IR
FoiB R LB AR AN S RN LT B AR, RIS AE
Wi R 7 kBAZ AR B2 (500 5 BRESR P8 R T a i i i
7 AR FRTTAE . HIBLAO v an B i 1 20 i Ve 2 18R
A BRI, 1A A B BT B I R
BB 4R R 4E, th I I A T kB AR AR A% R T KBz 44
AT AT AR M A S A VR TS I K 4
N PR 22 AR FE PRI RE R 0 S S s e e RS
R AT B B R/ S R kB2 AR KT, IESE T A 40
A 2 ARG AT A7 B v, eI T A4
N BV GEVERR )0 2P, By L ERT, TR
R SR Fofl Al RABHIR A R B LI, &
R B BRI SR FE IR 1~ oofll (1 41 A 2R 1B 5 AR v 4l R 2R 4
RO B A ARTEAL, SECEWMRAE A . TFIUIE SE R IPE R
HE R T o A 41 AR 25 1B 1 B4 B B3l IS 50k 5 2 1)
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KRN, UL AR S A S RN Bk, 7Eps
TARRL S BV AR A Z WS, ) 9 0E BT o s 3R
SEERF ol 3 4 I 211 BRI e B ER Y .

H AT THLR BN RI29MR 2, Gl R sr i
ToadbPisl. PRGBS AR A s A BT AR 5
ll 0 S PN RS 297, O AV 11 = w211 0% e 2 QT Y 4752
G AN B A0 f B Wi, T DURE T R g
SRR M T I A, RIS AT it g
BRI AT IRYIAMB AR S TR, T Fo
WK BB ), e S 5T AR, T
WO e R B E TR AL, (HIX Ll 22 N T RN
R RNAFILIRARN 2 2P R e R/ A
W, N LN T IS RGBSR 5 5 R ERE S MK BE
AR,

EEER/NEERRE R E Y, BEAMEH. B
T BRI IR, HA R 8 AR O i T
Re. wREN RERS. ME RS MR KR RTT
SHMWE ZHAHEER. MEAL%, BEEFNH
B T R ELFE AR B BB AN LTI BSORH s A B 434
PN 7T, 7825 00 S BUsAA /D BT, R E
T0sEE T AN R > o G B AR, e A B U,
FEAEPUE RGAAMER . ARSI SEE—B4E7R, SRR TR
B AN L AR BE R FH B I MR 2 AR S IWERKFIINKAR
SRR, R ERE, RCE 4 T BMP-2,
SMAD4. CbfalZikFINOL i EHINBA, Tiix# B T %
HAMMIGIE . AR SR . B2 T WA Al A A
IR B 2 A, p38FNINKIE Bt X ik B 4 ik AL i S
YER, T2l L 0 p 38 FIINKGE % 1) #5 1k 12 75 5
T A0 B T, B 0 99 R A B R e 0 i AR
A B, YRR AT ol ULV OPG/E R FrBAZ AR A4 L 4511375
HWRWC. FFURIIE T A A TE R, Br
HA SR IRIEE Fas A4/ ZE6 mRNARIEFI{EiE
ALK TR mRNAREWVEA; [EF, yEEREF AT
KB EEERE, AT &SR EKCE, W
SFEE B AOVE ML AT -5 BE T 5 o4 i R 7 G s R 5
Ta. AAF1B. HAMNREKIRILF X HEE
H R SR I T T E AN i ERKAE 5 4 S 2R ¥ e
WL FoRE i, BTS2 R 4 0E S

ST IG 0 3k AR BTG TR A S8 E R R AL AR AN S R
SEAG, AR SE N BB TR 5 28 Pk s N R A8 R
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Figure 1 Murine calvaria samples after 2 weeks of different interventions (hematoxylin-eosin staining, x200)
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Figure 2 Detection of inflammatory factors after 2 weeks of different interventions
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Figure 3 Detection of inflammatory factors of RAW264.7 cells cultured in different media for 72 hours
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