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HWE. B HREBZHEWT (verbascoside, Ver) B & Te-TF H & B #4 £ (99-Technetium-methylene diphosphonate,” Te-
MDP) % B S J50 #5175 5 K B R B (glucocorticoid-induced osteoporosis, G10) HIRI7 1, L H o FHL# . & SD K
e 8 JE L P U BT b ZE K 4 ( dexamethasone , Dex ) BSR4 (1 mg/kg, 1 & 2 ¥k ) E 57 GIO &%, Dex & [H] BF, Ver 4 BE & 41,
PTe-MDP 4 B H KRS HE S Ver(30 mg/kg) JEE " Te-MDP (5 mg/kg) . Ver B4 Te-MDP (5 mg/kg) A= $8 £h 7k , % FE 20
KEATEN, A48 BERMAXRE, ER  SxHRAbE, BAAMN KA RE ST & BB, S A %
BB E R X 2R Ik (dual-energy X-ray absorption, DXA ) £5 2 W 7R MR AH 19 X R4 B R ME R X IRA 1 25 1 1 )
SBRRAR BB = W S B AT I AR S (7 B R St e S S AR E ] W (G E— 25 RT-PCR é*%i% LAY 2H
ﬂéﬂéﬂqﬂ USP10 K& FLT3 £3AM B 5 T XA, i BR AT R A" Te-MDP A7 ¥ B ok 3% Ekaeik, #— SR Em
EAER A A S 254 1 USP10/FLT3 3235 HH B A% T Te-MDP 4 BBl 41 , 7 Te-MDP # S RMA T AN EEE R T
éfifrqﬁxo 2536 B EREEE T LA K BB 414 USPLO/FLT3 5 K B T, 0 7 24038 GLO 5 B s 6 B 47 A1 Te-MDP 897
GIO KRB AT B 47 r9 29 58 W VE AT, 91 B2 8 5t/ RIS IR) A8 4 S8 A5 T S8 1Y
X BT Te-MDP M ) BRI E ;B BB A4 ; USPLO; FLT3
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Abstract: Objective To explore the therapeutic effect of verbascoside ( Ver) combined with 99Tc-methylenediphosphate ( 99Tc-
MDP) on glucocorticoid-induced osteoporosis ( GIO) in rats and its molecular mechanism. Methods SD rats received muscular
injection of dexamethasone ( Dex) sodium phosphate (1 mg/kg, twice a week) for 8 weeks to establish GIO model. After GIO
model was established, rats in Ver group, combined group, 99Tc-MDP group, and model group received Ver (30 mg/kg), Ver
combined 99Tc-MDP (5 mg/kg) 99Tc-MDP (5 mg/kg), or normal saline, respectively. Rats in the control group were not
modeled. The related indexes were detected after 8 weeks of the drug administration. Results Compared with those in rats of the
control group, the body weight and weight of the femoral shaft in rats of the model group reduced significantly, and the blood
indexes related to bone metabolism were obviously abnormal. The result of dual-energy X-ray absorption ( DXA) showed that bone
mineral density of the whole body, the lumbar spine, and the femur in the model group decreased significantly. The maximum load,
elastic load, elastic displacement, and elastic modulus of the three-point bending test of the femur also reduced significantly. RT-

PCR result showed that the expressions of USP10 and FLT3 in the bone tissue of the model group were higher than those in the
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control group. The above symptoms were relieved after the treatment with Ver and 99Tc-MDP. Further study showed that USP10/

FLT3 expression in the Ver group and the combination group was significantly lower than that in the 99Tc-MDP group and the model

group, but there was no significant difference between the 99Tc-MDP group and the model group. Conclusion Ver inhibits the

activity of USP10/FLT3 pathway in rat bone tissue and relieves G1O. Ver and 99Tc-MDP have a good pharmacological synergistic

effect on the treatment GIO rats. This is accomplished by acting on different molecular targets.
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WRINER IR FRARU LS REFHhE, ™

SR TR Y B AR R LA K AR B, H IR E
(A AP B B &t 50% . [k, A
ROTB B B i AA IR B

B T A O TR 43 28, TR A oy DR T R 4k
R B BB AN AE L T Ak R B BT AL B AR 251 R A
L BUOMCR 51 R M E B AL (glucocorticoid-
induced osteoporosis, GIO) & by & I, >,

XU Il TR 2 0 4 B0 5 Ty A T AR il R
B 15 48, HOA T8 T i b i LA B HE Al g 244
HIEA RGP G AE A, B2 H] DL 2Oi
B &GS o I AT ROWEE R T, B R T
B U R BUH BB A AE BT VA D5 VR ORI E, A RE
A BT B TR KA

(P Te) W B 3 BB 8 £ (99-Technetium-
methylene diphosphonate, *Tc-MDP) X & 4 4 B4
RG] P, BB VG I i TR B R R 3 LA A R R
#- o FIRI,” Te-T0 B 0L MR 6 75 I IR b C 22 4k
JIz R 28 KGR 0T 48 A A 1 B S B R R K
HRHAR AR, B2 HX T GIO 19 1 B 1 H 79 it
FARFER

BHEAEHEAT (Ver) 2 — Fh H A1 By K £ AT, W]
b 25 0 B 0 I A 2 A A AR e AT R
ANMELEG ST AL AR A L X R Ver 7] fig A B T
B H BBAAE . SR, B BT A ERE Ver BE & R I
HRRSZRE R RN E . HI, AR E R
T Ver X HEE LR B S 0B & R R BCEEN,
i BV TR 1 43 T AL o

Koh 2" 4238 FLT3 7548 2 )5 11 4 0B TR B 4
AE MBS S BB I p R AR L. e Ah, FLT3 2 Bk W]
TE 0GB 40 A0 4k R B R R DG SEVE T 2 R
S5 ik B (ubiquitin-specific protease, USP) 10 212
A B AR (USP) KR 89 A 5t . Weisberg
4 VHESE USP10 4358 FLT3 JF 5 i X HE 1 5232

#CHE, JF B USP10 Wl & FLT3 3 B 09 5

2 VR 3 3o B R F 5 T B R AR R K Te-
PR TR A TR B B B R R s AL L AR R
TR B 25 B R4 A, O i — 28 4 #r USP10/FLT3
PR B R

1 B %

L1 5 51

by FE KA B TR 91 T S U PR T R R RS R 2R IR 3R
AR A, S ml/3Z, (it SC 5 B/ 25 7
H37021224) . Te-3F FF 5L 00 2 £ i pLAR = 72 250l
ARTAEATAE, RS A B R AR (BEAE)
HUHERN S5 pg/mL, B (TR A& T H
XURERR B 5 mg, FAL S 0. 5 mg(HtHECS : B 254k
5 :H20000218) ; BEEEME H I 5 KE XS EYIR
R o) 5 H % BEAL (GE Lunar PRODIGY 4, £ [H ) ;
T REMEHA B HL (S AG, HA) .
1.2 ki

48 HUMfEPE SD KL (200+£20) g Hy KIEBER K
% SPF g 5z 8 b $R A, KRBT RL A i R &K
MEY . AL YR YL 1T,
SD KB BEAL 5y 4 41, X B4 K BUIE % 18 3% 5 HiAth
44K B HE 2 L A B FEOK A BE R 4 (1 mg/
kg) , B8 2 WK, il 15 & BB A B B 5 7E Dex &AL 1
h 5, Ver 413 B 45 F Ver(30 mg/kg) ,” Te-MDP 34
7R RIS 5 mg/kg P Te-MDP 6 A 1R YT
AR B EH Ver Tl B, B Bk I 5 5 me/kg ™ Te-
MDP, &8 2 R, &80 4525 8 Jil . R & W
HAMSE R LA R, K RE B 20 o/
L B 4 (40 mg/kg) HEAT BRI, o %5 B2 22
IFi) Pl 6 8 2 75 e AR R ), M S Bl KOk if 4b BE 3 H
MM
1.3 BHEENE

XA X Z8 W% Wi 7 ( dual-energy X-ray absorption,
DXA ) B % BT HE, BB 2 5
MEAR K BB o BRI B H I 6 BRAL TR, J5 B 4t
FeE A efs , B S e B & 90°f .
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S 2 A0 B L PR S AR AR 41, o3 B HE TT RE A R
BT HEAT = R T il 7 2 SR A . SRR
VEHE 18 mm; LAth i AN R AL, B R R E 5.0
mm/min; @R 23 C; B BB E 60% ~70% , il &%
EiWN N e g DR N =R N C = TN Y I & e
WEFSH
1.5 i A Ak T8 br A i

SR PR EBC B 2 53 A 12, AR a5 il B 5, Al
ML P B TE ALAE b5« B 85 R (osteocalein) Kz T A 5K
J& N-3ii ik ( procollagen type I N-terminal propeptide) ;
B AE bR e 1AL RS B S R C-OK 3 ik ( C-terminal
telopeptide of type I collagen) ,
1.6 Western blot il

W BB Sk H AR A W%, B AR TS g =
ByARAR 50 mg B HLUN 200 WL RIPA 2L W 1 &
Feah o MRYE BCA MRR)FIE H A (BCA) , LIF ME
HEE WbrifE, EEF(20 pug) AEA B-#AE LR
49 R VKR b 2 o R AN AR A9 10% SDS BT U T i
BEMC VK 8 SR B & PVDF IR, 7E 37 C 444
TOHEH SRR PR Tris Zil [ & 0.1%
Tween-20( TBST) [$t M 2 h, Z /5 H 1:1000 B
19 —471 USP10,FLT3 ) K& B-Wlsh& AdiihsE 4 Cid
WWEE . BEJG A TBST W%, AR5 S8 3k & .
5] TBST 38730 Ut i )5 , B B8 2% 58 16 18 58 9 fL 2 K
JEiR (ECL) T o A Biospectrum-410 £ 5 3% i &
Fo ML HR AHAL 410 i & B nyot. AN F
SMET MM E O £ i1 image-pro plus
BT E R T,
L7 Guitsibsd

K1 SPSS 13. 0 #A AT ST 4 o i, B A
BRI 3RR T s hn v 22, U L BCR B A
R EM . ARG oW H,P<0.05 8 P<
0.01 AT Rm = RA G E L,

2 &R

2.1 Ver &”Tc-MDP P 3% Dex FH K BAKE K
e TEN TR

ERWME 1R A KRR ER N B E
ST 1E o B2 R B EAR AR, R YF K
BURES KB W, [, B8 5 0 8K a8 6 R R
TE B TR, 456 97 4 g B 5 100 B B J5 B A
KEETEN TR

F1 Ver X”Te-MDP ¥ GIO K Bk T K& TR T
W (g, 52s5)
Table 1  Ver and 99Tc-MDP relieve the weight loss and dry

weight loss of the femur in GIO rats{ g,%+s)

ikl SRHAE LBERE SRERETE
M EA(n=12) 209.5¢34.8 254.1232.3 0. 4920, 05
BRA (n=12) 211.6£31.1¢ 214.5£29.3% 0.37£0.04
Te-MDP A (n=12) 212, 4£29. 3% 230. 4£31, 9% 0.44+0, 03"
Ver #l{n=12) 217.1£26. 5% 238.4+41.1% 0. 4410, 05"
BA#H(n=12) 214.5237.2% 237.3234.2% 0. 4720, 04*

T SMHRALEREE, T P<0. 05, HARTALLLER,FP<0.05; 5
HEAL B, P>0. 05,

2.2 Ver " Tc-MDP {3 Dex S H 8 KR &% E
KB EY IS8T

il it DXA B8 B (8 1) 85 Rk 2 By
o IR X MR P BRI R A B IR HEIR K
JO B 2 W] B AT 5 T 9 o 4L 35 B A6 5 i P
KRESFUTHEERET & —AZ LD, &
R TRVERL & PR B R SR A A B A ) B RE
IR IR 3) 5 MR ¥ 20 34 BB ole 35 0 2 5 0 3% B 30y
FIRB Y ISR T R

Bl OWhE X W AR KR S E
FE (R JBH;R2 JE1HE)
Fig.1 Bone mineral density of rats in model

group scanned with DEXA (R1: the femur; R2.

the lumbar vertebrae)
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£ 2 Ver R”Te-MDP Bf 3t K A4 0B % EMNT
We(g/cm”,xs)
Table 2 Ver and 99Tc¢c-MDP relieve the decrease of bone

mineral density in GIO rats(g/cm’,%s)

#5) 2HERE B EEE BB EHE
T84 (n=12) 0. 1640. 004 0.221£0. 004 0.182£0. 007
B (n=12) 0. 112£0.010 0.168+0. 008 * 0.137£0.010
Te-MDP #(n=12) 0. 1470, 007* 0. 1950. 020* 0. 1680. 010*
Ver #(n=12) 0. 1450, 008" 0.199+0. 007" 0.165+0. 005"

Ba#(n=12) 0. 1580. 006 0.207+0. 010 0. 178£0. 010

e SXPRA L, ¥ P<0. 05; SR LE,"P<0.05,

£3 Ver B”Te-MDP Bx 3% K BB Y 1 ¥ T®
(xxs)
Table 3 Ver and 99Tc-MDP relieve the decrease of femoral

biomechanical parameters in GIO rais(x+s)

14 i BX Wik W
BE/(MPa)  BRHW/(N)  &fi/(N) g/ (mm)
XBA (n=12) 2563£125.6  256%19.5 208+17.6 0.4520. 02
BERA (n=12) 2311486  177£35.1% 1312263 (.33£0.02"
99Te-MDP #(n=12)  2413£129,8%  230:41.6"  180£31.8%  0.4120. 04"
Ver #1(n=12) 1387+164.8%  223+41.8%  177435.2% 0. 39x0. 04*
BAH(n=12) 2477150, 4% 241x44.5%  181228.7F 0,420, 4"

T S HRALE B, T P<0. 055 SEIMA KA, P<0.05,

2.3 Ver ”Tc-MDP 3% Dex SEHY K B B4
AH O F8 b 5

ZERMFK 4 Pron, SIEF XA LR, BAH
KEETE AR IR B85 2 0] B AL, PINP TH] B %
AR B R AR - CTX-1 [A) A BH 8 R AIG; T dR YT 4 48
AE M LA H S ir B B .
K4 Ver & 99Tc-MDP i3 K R A i+ 4% (pg/mL, xs)
Table 4 Ver and 99Tc-MDP relieve bone metabolism indexes
in rats( pg/mL, xs)

415 BGP PINP CTX-1
W B (n=12) 2011.62133.1 85.327.1 48.3+6.8
KA (n=12) 1571.5+114.2*  83.7+10.2 39.2+7.2%
PTc-MDP #l (n=12) 1779.8+£129.5%  82.6+9.9 45.4£7.9%
Ver #1(n=12) 1784.6+122.8%  83.5:11.5 45.6+6.5"
BEH(n=12) 1809.3+131.5%  84.8213.2 47.4x7.1%

e LBl T P<0. 05; SR, P<0. 05,

0.35

useio £ 03

2025

FLT3 lmzﬂw N m{w' @ 02

T B 0as

boud

% 01

B-actin | CEDEDADEDED | 5 m}:
ﬁgg’ i Q® & ,s?'% i
'-\’2‘3 %ﬁ%\céa «® ‘&*& ~\;§%

of

2.4 Ver [E{K Dex S EH K BFH LA USP10 J
FLT3 § iR

Western blot 253 (& 1) R IR K B & A H
W USP10 1 FLT3 @3k s (40 B W3 . g
Ver 2H K Y5c-& A Y7 20 24 Be 8T BT i A A K BB 4H 41
H1 USP10/FLT3 & Z L, HFHEE R JE, W Ver
VBT 4H 2 ) USP10 1 FLT3 R B WA B EL S,
ARG 5 Te-MDP JRIT 4l 2 ] £ F L% =
X, BA” Te-MDP 3 K 82 ) USP10/FLT3 {2 238
#, B0 Ver 5" Tc-MDP 3847 GIO B4 FHLHI AR Al

3 it

VoK R B2 TR YT RO R e iy &
LB . SR, K L0 & S BUn B B AR
WmE RS AR R RN, WBmEk o A
RIAE B VA B B2 UL R 5 2 108 B AL 259 h T 3
B REA I N I R MRS AT B KU, L
Fole R R 25 25 W RE A B B I R S S 00 B TR R
85 5 VA7 B AR . (A RE & B XU R 5 7T LU 5
FAE IR BE, X — B4 BR R BL g R kA O M B
K3 o

17 7% 1 [ A A B B 24 45 (U Te) S XU R
g Te Al G 2 A R EE s
J7 T, MDP fE A WU MR 254k &4, X B HEUL R
RS E B R o, R EAE PR K A R
W B A 5 ok AR IR A VB E R AL, FIRTE X
6410 ] 2 ML T M, B AR R R K A SR AR
B OB, AR B A M AR B RO IR R A
SBAREL, B 1R . AR R Te- 1 F 3L 3L
B e E N T TN AT A 5 g m K a st
P, C UG T A 4F MR, T B T 8B IR 5T
Je BARAFAS BN (H 1 B2 RS B
WETR AR H i e B HBEA — w4 g7, IR RN

& 03

=025 ’{ &
£ 02
Foas
= 03
g # Soos # &
= 0
s &S & o & &S
& & &S S
&

B 2 Ver %} USP10.FLT3 IE H W KA 0
AR E R T e B-actin AR HEAL T Y& 32 HESADI RGEH . S IRALILER, * P<0.05; S

A LB, 4 P>0.05; SRR X4, " P<0. 05,

Fig.2 Effect of Ver on the protein expressions of USP10 and FLT3 in GIO rats
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FEAE M, B, A A A" Te-MDP Xf
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XEE i R

TEZB T, R I 2 37 GIO K R B 5, 1A
NI OR TN SO o i IR - i S 171
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N R R e i B R A A R R
ez 5 L GIO kEﬂmﬁM@%%%ﬁ%%Wé
%, T 55 — A B I8 B A5 A% PINPY 3F 0 W B ol 45
CTX-1 fE7E T LA R B BB v, 24 Bl 4 F O ff i
JE2 SN B, CTX-1 2 [ RG24 I B e e #8 41°
MEZWESE B, Dex SHRA KM CTX-1 F 2 7
R, FEWLHI A fe B o8 . IR B DXA 5% W e $ 7R
KB4 B TEAE R B e B B B 2 B BRI el =
S SIS PR R B R e L M (AR R B 2R
7ot #B B & [ AIK ; Western blot 25 5 7n , AL 41 & 4
Zirp USP10 J& FLT3 Fak X RAM BIE M, WM&
HBEAEETIRTE, BRI W%, Te-
MDP BR SRR A 2. W EAEEN L,
LEEEH REW (15 GI0 K BUE 441 USP10/
FLT3 % [ %3k 9 B B A%, (2 Te-MDP J897 41 5 1%
R0z 6] USP10/FLT3 HEHE B EA B E LR, U
B Ver 57 Te-MDP 497 GIO B4 FHLHI A ..

i b R A R UL, B LM AR & GIO
B USP10/FLT3 3@ ¥ 4 3% ¥k , B {% USP10/FLT3
MR 2RI R B3 Dex 51 B K BUE R B ; 18
EEIEHEH AT Te-MDP 3597 GIO KR A A R iM%
PP R AE T, 9 ELR 8 5 A F R [ 6 23 38 0T 58
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