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[Abstract] Objective To investigate the effect and potential molecular mechanisms of isorhamnetin (ISO) extracted
from Ginkgo biloba on the differentiation of osteoclasts. Methods Osteoclast precursor RAW264.7 cells were induced
with RANKL to differentiate into mature osteoclasts. Different concentrations of ISO were added to RAW264.7 cells to
determine its effect on osteoclast differentiation. CCK8 was used to evaluate the effect of ISO on cytotoxicity. The im-
pact of ISO on the osteoclast differentiation process was investigated by analyzing tartrate resistance and bone resorption
lacuna. Real-time PCR was performed to analyze the levels of differentiation marker genes, including tartrate resistant

acid phosphatase (Trap), cathepsin K (Ctsk), and matrix metalloproteinase 9 (MMP-9); differentiation-related transcription
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factors, including the proto-oncogene protein c¢-Fos, nuclear factor of activated T-cells cytoplasmic 1(NFATc1); and the
levels of downstream NF-kB p65 signaling pathway phosphorylation. Using the above-described method, we verified that
ISO exerted an inhibitory effect on osteoclast differentiation and explored related molecular mechanisms. Results  Dif-
ferent concentrations of ISO (1-10 wM) had no cytotoxic effects on RAW264.7 cells, inhibited TRAP activity and
decreased the number of bone resorption lacuna during osteoclast differentiation. When applied at a concentration of
10 pM, its inhibitory effect was significant. In addition, ISO significantly reduced the expression levels of Trap, Cisk,
MMP-9, c-Fos, NFATcl and NF-kB p65 mRNA. Conclusion ISO extracted from Ginkgo biloba extract exerted an

inhibitory effect on osteoclast differentiation, and the mechanism underlying its activity may involve the inhibition of the

classical NF-kB pathway.
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RANKL; NF-kB
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A B B AN, TRAP G o3 5ibm v - 5 4
53 1 7E 100 5% 90 B T BE AL B 10 S0 B i 17 3
B BCEE, A% = 34, BRI E A 3K,
14 fmp3E Iy KA 44

/NELIR RAW264.7 i 57 T 10% 56 2 55 Fe 5k (&
10% Gibeo i 4= IfiL 7 , 100 TU/mL X4t , DMEM 2 il
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TR, AR 20 AS [F) 75 K 4341 T il

@25 X R4, 0 wM IS0 + 0 ng/mL RANKL;
@ PHPEXT HRZH, 0 wM ISO + 50 ng/mL RANKL; 34 4~
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(cathepsin K, Ctsk) | 4 J& 3 Ji A B 9 (matrix
metallo protein, MMP-9) A% % 5% A 305 09 T 2 g
1 (nuclear factor of activated T -cells cytoplasmic 1,
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X (F=1204,P=0368) ;3 d (F=18.138, P <
0.000 1) F15 d (F=18.664, P<0.000 1) i, % 41
CCK8 M= AE I Bk 22 A git#E L, 3d.5d
B, (1~ 10 wM) &Mk B LI 41 5 25 [ 4l

(0 wM)AH L, CCK8 M {E ¥ ] 3 5, 22 R A 45
P22 B (P < 0.001) ; 1 SE 2 0] 25 7 R Gt =
SCCRIASHE LS d L, 180 e EE N At 10 M, 1T HEBR 24
YIXF RAW264.7 (240 it (K 2) .

@8 10 ng/ml.

8 20 ng/mL

sxs @50 ng/mL
ook 100 ng/mL
200 ng/mL

#3755 10 ng/mL RANKL i75 5 £ {1 B [ HE P < 0.05, **+ g 5
10 ng/mL RANKL 1755 5 /i b4 P < 0.001
1 AR E RANKL 15 5 RAW264.7 411 5 d 14
B 4 L 5
Figure 1  Different concentrations of RANKL induced dif-
ferent numbers of osteoclasts in RAW264.7 cells cultured

for 5 days
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Figure 2 The effect of ISO on the proliferation of
RAW264.7 cells
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SEASIT¥E X

i 3 Tmage J 73BT B2V B 40 AR T AR, 5 FH P X
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P=0.017) .2 uM(¢=5.597, P=0.005) .5 uM (¢ =

12.548,P < 0.001) .10 wM(z =23.479,P < 0.001) ¥
1SO #4545 B W M RIAE T, H 2 Wk AR a3, 2 5
HAG w2 L (E3),

24 LB EE PCRARM %

RAW264.7 4 jfi 5555 7 d 5 , JI RT-PCR 43 51l %
#2 TRAP ., Ctsk \MMP-9 Jz NFATc-1 %5 %) 3 K 32 35
TKAEFEAT RGN, 25 S & 4 fr s .

24.1 TRAPZEH 5 FHM X RAAH L, 2 m A
1.2.5.10 wM ISO i}, TRAP () 3 K % 35 & Ffi
1SO 1 JH e BE MR K B AR T 9.40% (1 = 1.264, P =
0.275) .24.26% (1 = 4568, P = 0.010) .50.77% (1 =
33426, P < 0.001) | 62.79% (t=65.143, P <
0.001) , Hirh fin A 2.5.10 pM IS0 J5 , 2 %A 4t
NE- S

242 CiskFEH  HHMEXTEAME, SmA L,
2.5.10 wM IS0 B , 28 A [A] ¥ & 1SO 4k 3 % Cisk
W FE D NEM T 47.71% (1 = 14.686, P <
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0.001), =R A S it .



- 162 -

A& mRE 2018438 %265 $£3H

200 1 O PR 2
M IS0 41
2 M IS0 4
5 wM IS0 41
=10 M IS0 41

100 |

s A E

o)

a: 25 X AR ZH (0 wM ISO + 0 ng/mL RANKL) 5 b FHYEXS HEZH (0 wM ISO + 50 ng/mL RANKL) ; ¢: 1 wM ISO Z1 (1 M ISO + 50 ng/mlL
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Figure 3 The results of TRAP staining were affected by differences in the concentrations of ISO % 100
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20.46% (1=9.718, P=0.001) . 33.30% (1=13.779,
P < 0.001) .62.54% (1 = 32.540, P < 0.001) .70.81%
(1=32.130,P < 0.001) , ZH A GI2FR L,

244 c-Fos BEH  HFHMX BRI AR L, MM A 1,
2.5.10 uM ISO Y}, c-Fos J& K ik 7 5 F F& T
6.47% (1=4.631, P=0.010) . 13.21% (1=3.525, P=
0.024) .21.20% (1=2.788, P =0.049) . 26.62% (1 =
31.783,P < 0.001) , 25 HA G225 L,

245 NFATel JEH 5 FHM X AL AR B, S A
1.2.5.10 wM ISO B}, NFATe1 3 R 6 35 43 51 F F&
T 22.92% (1 =2.986,P=0.041) .33.42% (1 = 5.615,
P=0.005) .59.69% (t = 14.007, P < 0.001) . 83.18%
(1=38.236,P <0.001), 25 HA G L,

2.4.6 p65SFEEH  HFHMEXT A, HImA 1.2,
5,10 wM ISO i, p65SmRNA &k /KB i R K, 435
TR T 60.32% (1 =38.316, P < 0.001) .49.19% (1=
14.8407, P < 0.001) .55.32% (1 =17.006, P < 0.001) .
66.46%(t =31.659,P < 0.001) , ZF GG iFm X,
25 BERBEIREIOKR G LR

I 41 4 H B 2% 1S O A FH 56 o U A v
i il RAW264.71 b 19 28 i F, 150 B . 414l
B 53t e v A i IR 85 T A, 3B AT Image )
HEAT WA T R4 AT, 5 B X6 BE 2 BT B 45 T
1SO VE H I B R W sc 1o A5 43 il 920 1 26.00% (& =
2310, P=0.082) . 35.93% (1=13.996, P=0.016) .
52.67% (1=4.996, P=0.008) . 78.67% (1 =8.494,
P=0.001), 2255 BA G 2#E I REAR
#(ES),
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a: TRAP ZEHZE Mk ; b: Cisk ZEHAZ AL 5 ¢ MMP-9 FE N AE 1L ; d:c-Fos JEKAE{L 5 e NFATe1 JE K ARk 5 £:p65 F& K AR Ak 5 g 5 BH 4 ot A 2
FOH, P < 0.05;5 5 BHHE ST BRAL EL AL, P < 0.01 5 %%k 5 B BRZT L%, P < 0.001 . TRAP : HLIF A1 R R 1k i R it ; Cisk : 412U [
JE K ; MMP-9 : 4 J& 5 B 4K 1 O 5 NFATcI « 4% 5% 3% K 73800 1Y T 40 1.

4 PCR A ISO 1 FH RAW264.7 4 Hi F5 i - 2 B 7 fs sl 1 35 TR A X0 3R A 1 0

Figure 4 The relative expression levels of osteoclast differentiation marker genes in RAW264.7 cells were affected by ISO treat-
ment as detected by PCR

§F.GMU 15.0kV.7.5mm x400 SE ¢ i 2 / . 100um

a: 45 O RRZH (0 M ISO + 0 ng/ml, RANKL) ; b BHPEXTHEZH (0 wM 1SO + 50 ng/ml.

=t RANKL) 5 c: 1 pM I1SO 21 (1 uM 1SO + 50 ng/mL RANKL) ; d:2 pM ISO 41 (2 pM
00 2 M 15081 1SO + 50 ng/mL RANKL) ; e:5 M 1SO (5 uM ISO + 50 ng/mL RANKL) ; f: 10 uM
M ISO 4

10 .M ISO 1SOZH (10 M 1SO + 50 ng/mL RANKL) ; g P FEZH AN S 56 AL AR XS T2 10 R4
BB I AL TET AR 43 B 5+ R 5 BE X BRZH LA P < 0.055 #%h 5 P XS REH Lh g P <
0.01. 1SO: 5 FZ2%; RANKL: %A T kB ZA3E A R T Hi L

B5 ISOEHRAHR BRI EEIEREN e x 400
Figure 5 SEM images of bone resorption lacuna X 400
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