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A 1 v R /N B MC3T3-E1 il iy
JH o3 AN G B B 52 0

£ A AR EHAE' HRRA wokat' & &

HWE BH ARFBEES) I RARE @it 4 (MC3T3-E1 4ai) 3854 5 1L th % v A 2L 7T 4k
FauE, AE ¥ MC3T3-E1 @iy HxBA% IS RE K EMA(10*~10"ng/ul),24 48 h )é‘m)ﬂémﬂ@
i3 (CCK8) X Al &l tn f3g 75 | 7 14 K J& KA iR B (ALP) /& X 7 &bl ALP iE e, 3% Zar i
EAM AL | RAL K sk ARIE ( TUNEL ) 3K ) &b ) 2m A6 8 = 0L, 52 8% 32 8 € & PCR(RT-qPCR) 4]
RS AR AT EY | BAZR(Collagen 1) B4 % (OPG) & #% @ (OPN) ‘B 45% (OCN) \ALP ¥
B & %4k alpha( ERa) (M % %4k beta(ERB) mMRNA # &k K-+ SR Lxmas £F@
48 h j5,107° 1072 107" ng/uL IS & 474 28 ALy 3% 75 ( P<0.05) {2t o = R % %ok, 107 107,
102,10 "'ng/pl IS 34 feab4R it ALP MR A L4 ¥ 69 & ( P<0.05) , 7~ 42 3 ERa,OPG.Collagen I |
ALP mRNA % ix (P<0.05);107°,1072.10 "'ng/uL IS 34 742 # OPN,OCN mRNA % is ( P<0.05),
107'ng/pL 1S A% 42t ERR mMRNA £ik (P<0.05) . £5i IS sk 4tit MC3T3-E1 4 e e B o1k, 5L T
AeAhl 5 B R AR & AR S ERa mRNA & A A %

XER O FBS B ; )5("%]1'67\1'&; é[ﬂﬂ@i““g?ﬁ; R BRANE
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ABSTRACT Objective To observe the effects and possible molecular mechanism of inokosterone
(1S) on proliferation and osteogenic differentiation of mouse MC3T3-E1 osteoblastic cells. Methods Cells
were divided into the control group and IS groups of different concentrations (10™-10"" ng/uL). After 24
and 48 h cell counting kit-8 assay (CCK8) was performed to evaluate the proliferation of cells. At day 7
and 14 alkaline phosphatase (ALP) activity was detected using ALP activity kit. Mineralized nodules were
observed by alizarin red staining. Cell apoptosis were determined by TDT-mediated dutp nick end labeling
(TUNEL) method. mRNA expression levels of osteogenic genes [ collagen type I (Collagen I ), osteo-
protegerin (OPG) , osteopontin (OPN), osteocalcin (OCN), alkaline phosphatase (ALP), estrogen re-
ceptor alpha (ERa) , and estrogen receptor beta (ERB) ] were detected by Real-time quantitative polymer-
ase chain reaction (RT-qPCR). Results The proliferation of cells was inhibited by 10, 107, and 10 'ng/
L IS treatment after 48 h intervention, as compared with the control group ( P<0.05), but with no obvious
effect on cell apoptosis. ALP activity and the formation of mineralized nodules were significantly promoted
by 107, 107%, 1072 ,and 107" ng/pL IS treatment ( P<0.05). 10™, 107, 1072, and 107" ng/uL IS treatment
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promtoed mRNA expressions of ERa, OPG, Collagen [, and ALP (P<0.05).107%, 107, and 10" ng/pL IS
treatment promoted mRNA expressions of OPN and OCN ( P<0.05). 107" ng/uL IS treatment promoted mR-

NA expression of ERB ( P<0.05). Conclusion

IS promoted osteogenic differentiation of MC3T3-E1 cells

possibly by up-regulating the expressions of osteogenic differentiation markers and elevating ERa expres-

sion.
KEYWORDS

7 JT B A JE ( osteoporosis, OP) DL A UL 45
P A BB B D AR | e R el R
TR a2 KA S A S BRI A
PIEA 2 A NULE Y2035 64812 /N RO 41 i
Z MC3T3-E1 4t f J& A 52 i1 41 38 78 o3 fb dee i
FHR AR ALz — B3 AR R T R,
ZSMRH B LA, 4 B B RO BB AR SR R 4
RoBEEE sk, OF Ho g8 W 25 5 & L ¥ SD K R
BTN 2 s o TR D B RAN U S L W U =
I THME T M7 3 w2y, Hor 4= 4 I
B SR 2 2, R AN 2 U T BN bR M
FOILH BB E M2 SN EE RN — i
— 38 3 T RO A €433 7 (high performance liquid
chromatography , HPLC) M 4 g A 42 B H 375 1 A 49
“H IS TR (inokosterone, 1IS) M T IS X AL E 4
MR85 | A AE e R am B T E NS i JCiE 5
AR b BB TR B (107 .107° 1072,
107"'ng/uL ) IS Xt MC3T3-E1 4 g 4 5 K 431k 1 5 i
R AT REAYVE FHBLA

M5 7TE

1 gifkk cE AN &R MC3T3-E1 4l il (1 A
#®I Procell, 525 . CL-0378) .,

2 Z4¥) IS(HZ 5 mg,4i)¥E =98% , TR 5T
RUUIAE R A BR A |, 5845 . 15130-85-5) , Al T
a-T AR FEA B 72 3 ( a-minimum essential medium,
o-MEM) A4l BE JR v B2 1153 4%, 4% 0.5 mg #Y IS ]
50 mL o-MEM Bl 10 ng/ul B9+E , 4 FH Rk £k
Tz IR 100 15 R BE 2 10 ' ng/pl , LA ZEHETS 5] 1072 |
10 10“ng/pL IS,

3 FEH FALLS  o-MEM 85735 (36 Hy-
clone A F]) s BElR 2% v £ 7 Wk (phosphate buffer sa-
line,PBS) Ji54F 1ML} (fetal bovine serum,FBS) .
HiRE R 0. 25% A i (£ = GIBCO 22w ) 5 B-Hl
BERR BN DUIRINAR | o ZEK AN (6 Sigma 22 | ) 5 stk
W1 (alkaline phosphatase, ALP) ¥ i3t %) £ (55
S A AN FD) 5 0 R Y 0V AN B T K Ccell

inokosterone; osteogenic differentiation; cell proliferation; osteoporosis

counting kit-8, CCK8) i #| & (It KK F R A IR
O8] 3 AR S FRIC ( TDT-mediated dutp nick end
labeling, TUNEL ) i) & (b st B AR AE M ARG R
Al s RNA P S BOL7) & 257k 90O 5 R
5% PCR X &( HA TaKaRa A #]) ; 45 T/EG
(ML ESITBEARGIRAF]) ; Bk #% (12 E Eppen-
dorf 23 w]) 8] 8 AH 22 B s (75 Leica 23 #)) ; 40 i
W3R8 4 B ahliEbri (36 Thermo Fisher 23 T)) ;55
2t i PCR X (EE ABI AH])

4 Tk

4.1 YUfuRE3E  $F MC3T3-E1 41+ 10% I
B A% HFHEEN o-MEM 5535 558555 8 T 37 C .
5% CO, 40 355546 | 5 K AE W UBE T W42 4t g
PRI 2, 2 40 M il & 6 35 ) 80% ~ 90% B,
0. 25% MRS AL AR

4.2 CCK8 Rl A Ak B IS %F MC3T3-E1 4fijfi
HEFERIR M (1) 4k P3 AR 4R L 3x10° AN AFL I
BT 96 FLAR, A5y 6 4. 2 O IR (R B
YRR Z 4l) |, B Xt B (negative control, NC)
H(ARIMZG2H) ,10* . 107° 102 10 "'ng/ulL IS 4, %
HIE 6 ML (2) HF 24 h FRAN G BEJS | 35 2
A5 A S ARG 953, T 7 24 48 h;(3) 2]
Y175 24 48 h )5, ¥ CCK8 /AW 5 F= i g 1
9 M LLBIRS) SR I5 R LA R IHER IR 5L A 100 pL
TRAJUFH) CCK8 IR ; (4) K 96 FLAR 1L 15 IR 4 P i
Y E 2 h 5 F B bR U AE 450 nm 4b 2 OD fH.,
THREAMITE T, A% )1 (% )=[OD(IS)-0OD (%
1) J/[OD(NC)-OD(= 1) |x100% ,

4.3  TUNEL £ 7 & & WA [F] % B2 IS Xf
MC3T3-E1 4iffdya -/ (1) Ik P3 FC4HH, 5%
JEHE IR 10° AN ALI B R R 3.5 om BEFRIL L, 40
Mi4y K 5 #H. X R4, 107 10° . 102, 10 'ng/pL
IS 41, 7EAN HLE T4 85 9% 24 h FRAUMUNG BEf5 |, 57 2%
B RE I M B 25 505 24 03T 6 1l 15 S 5 5
(10 mmol/L B-H iz 44 .50 pwmol/L HLIR Iz |
10" mol/L M ZERKMR) , B 2 KR 1 K (2) G 77
FH T 14 KEFH PBS ZZ ol vh vk 2 - E R, il i
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IE Fr, FAREE T (3) FH 4% 2 58 WP I v ik = 1t [#]
7E 15 min, PBS % 2 Ik, &K 5 min; (4) % M
TUNEL 350 & S0 B A T4 K g 85 (5) BAMEE T
WG JR T 20 L A e L L

4.4 ALP 35 P U5 & A A R ok IS X
MC3T3-E1 4iiffd ALP G5 (1) Hik P4 {40
JfL, DL 5x10% ALY % BE AN T 24 FLAR , 20 i 53 41 W)
4.3 TERFRAAT SR 24 h; (2)24 h 4 M I5 BE )
FEFEALNIHEE TR IS 25BN 25 24 03 6k 1B 5
SRR B 2 R WG (3) W7 14 R+
BRI, FH 2R fir S 20 B F 2 R ALP 3 M) &
P BEB AT 1A T IR (Uimg ), 4 TR AL
e ALP 15,

4.5 PERLYAAKN MCITI-E1 UM fb 451y
(1) Tk P4 A1, L 1x10* ALY % B HAh T 24
LA, A 2 S X555 U7 kRl 4. 35 (2) 1597 7 14 K5
SRR, H PBS WEYE 3 i, AFK 5 min, i 4%
1y 2R [ 2 30 min 7k 2R P, PBS 15 1: 3
i, FEFLANA 300 wl (73 55 4000 ) 95 R4, = iR
T4 £ 10 min, PBS 5 %k 3 ili; Wi BE T W %%
MC3T3-E1 4" b4 15 i s i

4.6 S PEOLE B R S B HE [V (real time
quantitative polymerase chain reaction, RT-
qPCR) (1) 71k P4 fR40f, LA 10° AL % B 42
T 6 fLAR ARG 2H K K5 37 0 vk TF) 4.35(2) 24 h 1
SHANGEE F5 55 R FLNIHBR IR A S 25 80R & 251
B AR SRR R B 2 R UG (3) iR 7T R
J& , FEESEFRI, ] RNA S B0ER) & $R IUE RNA | 2
NG BT E RNA 4l AR 41U 1.0 pg A
RNA, 7355l A S e s3] & 0 S AR &R, 78 S s)
A EAT B %% 3 i cDNA J , RT-qPCR il 5 i 38
Z 1k alpha(estrogen receptor alpha,ERa) M
% %K beta( estrogen receptor beta, ERB) ‘H#iE
I ( osteopontin, OPN) . ‘H %5 % ( osteocalcin,
OCN) ‘B % (osteoprotegerin ,OPG) | I %IJig Jit
(collagen type I ,Collagen 1) ALP mRNA 1%
kL. ERa B9 51 9 )7 %1 IE 1] 5'-CGCCGTGT-
TCAACTAC-3', Jx []: 5'-AAGCCCCCAGACTATT-
3, P HE K 107 bp; ERB M5 ¥ 5. IE 1] 5'-
TGCTGTGATGAACTACAGT-3’, Jz _Ia]:. 5-GCAT-
AGAGGAGCGATG-3',#" #4 K & 114 bp; OCN (5|
Y751 . JF 17 . 5'-TGACTGCATTCTGCCTCTC-3', X
il . 5-=CGGAGTCTATTCACCACCTTAC-3', §" 1 K
F£:101 bp; OPN 5| #1541 iE 1] . 5'-CAGCCAAG-

GACCAACTACAA-3', % [fi] . 5'-TGCCAAACTCAGC-
CACTT-3', ¥ J& 101 bp; OPG (514 /551 IE [ ;
5'-ACTTGGCCTCCTGCTAATTC-3', J [i1] . 5'-CGCA-
CAGGGTGACATCTATT-3', ¥ ##4 K- & 105 bp; Colla-
gen [W5 | ¥)¥%1 . iE 17 .5-CATGAGCCGAAGCTAAC-
CC-3', J% Ii]: 5'-CTCCTATGACTTCTGCGTCTGG-3',
1K B 113 bp; ALP ) 51 ) 7 81 1E [ 5'-GC-
CCTCTCCAAGACATATA-3', J [i]. 5-CCATGAT-
CACGTCGATATCC-3', ¥ #4 K J& 114 bp; B-actin 1Y
51951 . 1F [ . 5'-ATATCGCTGCGCTGGTCGTC-3',
2 1i] :5'-AGGATGGCGTGAGGGAGAGC-3' , #/ i | i
126 bp, HHEEPHK 3 ME AL, PCR U 55 1F1k &
.95 CHZEE 10 min, 95 °C 281 20 s, 58 CiH &
30 s,72 CHEfH 45s  HLifEFT 40 PMEER, N PCR {3
H Ct{E, 2R 2722% :3F LA B-actin W SITE Lid
TRPRAOAIT A

4.7 itk SR SPSS 19. 0 #4114t
00T B xxs Fom 5 80 B IE A T, T 2%
7, R R O 2200, sE— WP LR LSD
%, P<0.05 HEFAGI2E L,

& =R

1 KRR E IS % MC3T3-E1 41 it 38 5 i 5% i
(K1) T#H 24 hJ5,5 NC AW HE, 10,
107°ng/wl IS 4120 LG J7 45 5, T Bl Wk R A 1 v
1072 .10 "'ng/pl IS A4 TE 1 FEAR, (H 22 7 ¥ B 4
e E L (P>0.05); F7 48h J5,107°% 1072,
107 "'ng/pL IS 4140 ML 1% 1 B AL, 2 R A G X
( P<0.05) .

150 24 h

I3 71(%)
3

NC 10¢ 10° 102 10"
IS(ng/uL)
¥ .5 NC i[RI, * P<0. 05

B 1 AEWE IS X MC3T3-E1 41458 it 5% i

2 A[RIHSE IS X MC3T3-E1 4 it ALP 5 41
(K1) HXAR R, 4 1S T 714 K
Jea AN EHR IS BIRe 0% 3 48 = MC3T3-E1 41 fill
ALP JE %, - S 30— 2 ik B it ( P<0. 05)
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1 AEE IS X MC3T3-E1 4ifif
ALP [ (X£8)

%2 R[FEHEE 1S X MC3T3-E1 40k
ZENIBIREI  (X+s)

ALP(U/mg) oD f
2] n 415 n

[ES 14 K [ES 14 %
X 8 3 3.543:0.769  3.000:0.366 X 8 3 119.300:2.241  127.200:1.941
10 ng/uL IS 3 7.317:1.010°  12.570:0.500 10 ng/uL IS 3 127.200:4.480  146.500:1.361"
10 ng/uL IS 3 8.513:1.038"  14.150:0.166" 10 ng/uL IS 3 164.200:3.096°  142.400x1. 164
1072 ng/uL IS 3 14.930:0.962°  16.850:2.128" 1072 ng/uL IS 3 170.600:6.598°  156.700x1.201"
10" ng/uL IS 3 20.820:2.050°  27.210:1.816" 10" ng/uL IS 3 153.600+5.351°  158.7000.389 "

TE: X BRI e, © P<0. 05

3 RFEHSE IS Xt MC3T3-E1 41 ju s k.45 45
WEsZm (B 2,36 2)  S5XF IR R, AN R
1S REMSAE A L 25 R IE AL, T 7 K5, 107%,
102 .10 "'ng/ul IS 24122 B A Gt 7% X (P<0.05)
FHi 14 KJ5,10%.10° 102 .10 "ng/uL IS 425
WA G245 L (P<0.05) ,

4 VR IS % MC3T3-E1 41 M T 9 5%
(Kl 3) TUNEL Jefi 2t S pg e bR « 4 o
I R T AN, ASRIVREE IS it MC3T3-E1
Y 7 14 K, 5% AL [RIHA L, AS [RIR B2 1S X 4 g
FT-JCH 5,

TE: X BRI 1 e g%, © P<0. 05

5 A[FEMWE IS XF MC3T3-E1 41 it ERa.ERB.
ALP Collagen] OCN ,OPG ,OPN mRNA ik /K
(£ 3) IS T 7 KI5, SxRglLi,10™ 107
102,10 " ng/pL 1S 41 A[ {2 ERa ALP Collagen I,
OPG mRNA ik ( P<0.05),107° 10 .10 'ng/uL IS
417 {2 ¥ OCN. OPN mRNA % ik (P <0.05),
10"'ng/ul 1S 4ifiE ¥ ERE mRNA 23k ( P<0. 05) .

it

NI B A — A e AT B 2 A A
75 RS0 A0 L 2 ) DA B i 4 S A

A XTHRZ ;B 10 *ng/pl 1S 4H;C S 103 ng/pl IS 4H;D 5 1072ng/uL IS 4H;E Jy 10 "'ng/plL IS 41;
Hdr 1 2 3 5CER 7 14 K B gk Foni b 45t
2 RIFHE 1S Xt MC3T3-E1 4ijud L5 e (PR e, x100)

A X BRALB R 10 ng/pL IS4 ;C A 10° ng/pL {S fﬁ D 2 1072ng/pL 1S 41; E jﬂ 10 ng/pL IS 4H;

s wﬂurﬁw 14 I S e A

XIEMU“ IS X} MC3T3- E1, éﬁﬂ’é{ﬂtmﬂfﬂn (TUNE\L\?.’*Q@,MOO)
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Fz 3 R[EVEEE IS X MC3T3-E1 AU AL B - bR Y RBACE M (Xs)

mRNA
2H 5 n
ERa ERB ALP Collagen [ OCN OPG OPN

X HR 3 0.900+0.055 0.673+£0.032 1.020+0.230 0.446+0.032 0.593+0.051 0.576+0.037 0.933+0.070
107* ng/uL IS 3 1.363+0. 130" 0.683+0.040 4.600+1.670" 0.683+0.128° 0.616+0.020 0.680+0.036" 0.987+0.035
107% ng/uL IS 3 1.527+0.068" 0.663+0.051 5.157+1.380" 0.603+0.055° 0.816+0.035" 0.716+0.035" 1.633+0.142"
102 ng/ulL IS 3 1.110+0.098* 0.713+0.035 5.230+0.420" 0.623+0.102" 0.843+0.055° 0.913+0.030" 1.570+0.080 "
107" ng/ulL IS 3 1.153+0.105" 0.777+0.037 " 9.200+1.550" 0.550+0.043" 1.073+0.092" 0.883+0.040" 1.097+0.028*

T SXT R IR, © P<0. 05

PR FE ST A HRE DT I i R R o S -, B
BRI KA 25l A5 R I R2 ), 1
ST T S B — S e B & A, U dE OPYT
HET, I FR_E 3697 OP A 258K 22 L) il e B 4
FRL A T 1 LA B B IR A A B SR 3 A 3 i - i i
A RE (B AN AL T JE R A BARASS BRAK 259 Y
JPRL, R v S B 200 TR %) 3 1 D R AR 0 T ol o
TINERAR Ak

VLAFAR | MO £ 1 L Rl 52 48 B Y65 ) B 40
JfL, > OP By I TR 36 97 5 i T A Ay JEL I i 2 AR 4
JEIT R 2 A Ty R A T 4 R AN e T BE Y
FEREBFTE IR H 2536 22 BB Se 51 R PR R A e
R 1t B 18] 78 5 T 41 (bone marrow mesenchy-
mal stem cells,BMSCs) [u] i ‘& 4 ffd 531k , HEFEAL
il 5% ERa-Wnt/B-catenin {5538 B AH ¢ ; T 2R 5
BV - 2 FHOCHE 1 (sirtuind, Sirt1) 28 sAY IE
R BRSO ) R T R A0 A T RE 1T
PR Sirt1 B shF, Ornstrup MJ 251" & 30 AH
X T2 R, 2 LR CIRIG YT 16 J8 5 fiehs iR
o BB A AR P % FE LA S B ALP BK - B R HZE
REREAZ 0 AR HE A E IR B, BRILZ A, IR 56T Al
U GO B S I ST ARE 0

AR AL A B 5T 2 I 5N R L L
B, 4 BB RO B RRE TR 8 L A T AP A
A AL R OGS iF — 28 AR T 43 5
TEPERLST 1S it CCK8 1A & B, IS — 2 FEfE L ml
il S A L Y 5

YRR T A S AR N IR EE AR, FR B PR
FIZRHE A £ 0 B P BET, 76 OP Kt B2 o, it
S AR P R T3 I T B0 T B 3 e BRI A ) R
YRR AR T A B TR 2E R R, AR 9256 4 TUNEL
R 2 R, 1S AE — o B B L 410 ) 240 L A, (HAS 2 348
TBCE AU A T AEAR TR BEAS X BE 43 Ak 5% i
PSR A R R, B 57 14 KF 1S 2 EAK
G T N ALP T P S B0 25 5 WL T ot R 4L

0 4278 IS BERS AR i B 531k, 1S X MC3T3-E1 4
MBS bR 4 ALP . OPN  OCN ,OPG  Collagen
I mRNA (#5203 1S BERSIE b e AR A O
PR i A2 a8 3k, ARk MY MERL R (phy-
toestrogen , PE) 1f: > — R A AE T R SR Al 4 vh 200 & #5
WEBR AU LG, 5552 B AL, X e 5 Y RE S
S5 M EZ K ERa ERB 45 & A IS MEBL Z 300, B
VR R B A0 B B A0 B TR P 2R YT OP B E
FHZY RS AT AT R B, 2F AR B 5 A 655 T
g % M E AR AE 41 ERe mRNA iy 3£ ik, & 1%
HIYIMEBLR (VR ', $ 1S W] BE 2 — Fh B 7R A Al

WA S K B, TR 1S REAE — & A5 b i)
MC3T3-E1 #fiffury3se , B WAL i MC3T3-E1 4 i i
B Ae M e feae s, HALHI AT RE S 1 ERa JaR
bR EY mRNA £AHIE,

M. L,
& % x o
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