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2. R PEH KRS hhFm AMESF SR P, L &M 225300)
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Mechanism of Bushen Tongluo Decoction improving Effect on

Glucose Metabolism in Osteoporpsis Rats
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[ Abstract ] Objective; To explore the effect and mechanism of Bushen Tongluo decoction ( BSTL) on the
glucose metabolism of osteoporosis of ovariectomized rat model based on the expressions of peroxisome proliferator
activated receptor y coactivator-la (PGC-la) and glucose transporter 4 ( GLUT4) in fat and muscle. Method .
Female rats were randomly divided into the sham operation group (n =22) and the operation group (n =60) ; and
all of them underwent ovary resection for modeling. 70 days after surgery, 10 rats from the two groups were
randomly selected and put to death, and their right femurs were collected. The dual-energy X-ray bone density

instrument was used to test whether the models were successful or not. After the successful modeling, the sham-
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operated group still had 12 rats, and the operation group still had 48 rats. The operation group was divided into
model group, kidney-tonifying drugs group (5.4 g-kg '), deoppilant group (0.9 g-kg '), and BSTL group
(6.3 g-kg '), with 12 rats in each group. The osteoporosis rat model was respectively given kidney-tonifying
drugs, deoppilant, and BSTL by gavage for 70 days. Blood glucose and bone mineral density ( BMD) of the rat
model were tested after the experiment. The mRNA and protein expression levels of PGC-la and GLUT4 were
detected in adipose tissue and skeletal muscle by Real-time PCR and Western blot. Result: Compared with the
sham-operated group, the blood glucose of model groups was raised. The expression levels of BMD, PGC-1a and
GLUT4 in adipose tissue and skeletal muscle were obviously declined (P <0.01). Compare with model groups,
the blood glucose level of BSTL was decreased (P <0.01), and the expression levels of PGC-1ow and GLUT4 were
increased remarkably both in adipose tissue and skeletal muscle (P <0.05, P <0.01). Conclusion: BSTL

increases the expression of GLUT4 and the level of glucose metabolism by promoting the expression of PGC-la in

adipose tissue and skeletal muscle.

[ Key words |

Bushen Tongluo decoction; insulin resistance; glucose metabolism; peroxisome proliferator

activated receptor y coactivator-la (PGC-la) ; glucose transporter 4 (GLUT4) ; osteoporosis
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K-k B Z AR 1 4k I 7 ( RANK) /45 ff 4 &= (OPG)
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1.1 Zh¥ 6 i SD & SPF i K L 104 H,
TR i 260 ~280 g, WA T4 M K7 LA B2 h
L, B HEIES SCXK(75)2012-0004 , 5255 5 ) T F
SRR Rk e sh ) St g s i 38 1 B, T
20 ~22 °C, HHHERFRE . sh e e 5t R
R F YA L G S, S ACV-08
(20151116) ,

L2 25Nkl AhE 7 Gl 4% T AN 48 T 4
VL 95 2 P B e il F) = 4, & AR 2510 gemL 7!
ANE DT R R 12 g, BRAD 12 g, ZEMT12 g, K%
9 g, HAT9 g, HHL 6 g ZHM, W4Ty hIRIA S g, 4
WS g s 4B OE T R A 12 g, A
12 g, ZeWr 12 g, BRI S o, B S g, IR% 9 ¢, AT
9 g, HH 6 g 2N, Frf 251 g ut b B2 25 K%
252 X% G BB 5 5 W I . trinol | SuperReal
PreMix Color( RAR 4 AL B A IR 2wl , 5 43 50
Q5106,06220) ; izt 4 £k 4y Bl U4 1 58 W0 0 A2 4K y il
BE T 1a( PGC-1a) — 4, GLUT4 — 47, PVDF
fik ( 22 B Merckmillipore 23 &), 4t 5 43 5l -y ST1202,
07-1404 ,R6PA1237B) ; TBST( 3¢ [# Solarbio /A ] , 4t
520160726 ) ; H il B -3 B2 i 2L B (GAPDH) ,
Lo IR A (1g) G (R A9, #5433
A BA2913 ,BA1054) .

1.3 {%#% CFX-Connect B 5Z I 2% 6 F B B A 1
£#5 . W ( Real-time PCR) 4%, Mini Protean 3 Cell %!
A UK A JEAY (36 [ Bio-Rad 24 w]) 5 UV-2450
TRt v R K i (AR e 2R A PR ] ) 5 A-5082 7l
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Z ) Re AR A (Hi+: Tecan 24 ] ) ; UltraFocus % /N5
PrxEE X 5 264 ( 36 B Faxitron 23 ®] ) ;3HI6R1 #Y
o Y R B DAL (K VDR B O WS AR A WD) o
2 JiE

2.1 A TR KR AERFARLAM
TR, 5350 R 22 HA 60 H o K 5B BT b A AR A
fl# 2 Mcwk [10] Jr ik, 2839 % B
300 mg-kg KA G IR I BRI . FH BILAR A R R 9
R, HFAR WG ETLU LK, VT HKY
2 em, TS FHEHSSIF 1 em YITFHLA L FTIFE
MERR . H& BT '8 WEJS R 77 (R i AT, o S5 2
FE 40 25 5 BG4 20, 5 FL AU B 5T 5 i
GRAE (LA o DTBRBUON 5P L A T W . AR S
RIS RN TFAREAEREEER 1 mL, BT
AR ZH AT B AN 51 5L 55 58 53 B 17, 4 Ak B ) 5 36 26
RIGHREHEZME, E23 d. RJ5 70 d N#4
Sy BEALIE 10 HOK BRARSE 5 (RS JS |, 18 3 30 ik
B, B 2R) A B, 25 B B L IR 0 43 4 21
21, R FIRURE X I e i %% BEACHEAT R I, LA 5% 0IF 1%
Bge &M, EER A, R FARER 12 2, FR
R 48 H, FARH KB H 4 A, 5351 hy A 1
H O ANEFH GES A A E A, A 12 B fbE
g 5 A AN %A B g T 5.4,0.9,
6.3 g-kg UKAEWEER L WRHEE I 70 d,

2.2 MEARRHEUTE: AASH)E,SWEIE 12 h R
JH 7% K A3 S (300 mg-kg ) BEAT IR I AR, 5 RR
ARG S mL — PRk 1 G 2 DA R BRUIE 3= 30 ikl
UMW, e A MR R4 A id Sl sk 4858 U R
SRR RS LA B 7, F 4 °C 30078 i AE B Eh /K o vk
T e AR AR IR, A -80 CHRAE .
2.3 CHEEMNE SRR X 52 me sk il ik
HHEE,

2.4 [l e
i1

2.5 Real-time PCR #;{l] PGC-1a &2 GLUT4 mRNA
Fik  BHHEWEURE DL 1 mg, trizol 2 HUE RNA,
K 1435606 BE 1 7E 260,280 nm 4K R IH5 RNA ¥
B, B RNA 1 pg #5558 ¢DNA 20 L, i Real-
time PCR A  5& GLUT4 mRNA Fl PGC-1a 3 3k7K
Vo IR REEZITRRLIY, L E Invitrogen 24 F] 4
%, GLUT4 L i 5'-ACAGGGCAAGGATGGTAGA-3',
T 5'-TGGAGGGGAACAAGAAAGT-3', i Bxr kK &
101 bp; PGC-1a I JiF 5'-TGGAGCAATAAAGCAAA
GACC-3', F iif 5'-GTGTGAGGAGGGTCATCGTT-3",

e gt bR T ISR Y0 P2 e ik s

FrBE K BE 104 bp; B-HIL 3l # [ ( B-actin) L iF 5'-
GGCTGTGTTGTCCCTGTATG-3", T ¥ 5'-AATGTC
ACGCACGATTTCC-3', i Br K JBF 226 bp, i Jz I {&
F 20 pL,y 38 5128 95 C 10 min K IF 4 5 9] 48
#4395 °C 15 5,62 C 60 s, JEH 40 ¥, W4 H G
W S T 4 fh 2 v A i 4, SR 2 Y X Real-
time PCR Y45 5 #6471 M X o = 421t

2.6 HAFRIEEIIEE (Western blot) £ 7l] GLUT4
M PGC-la K IL 1 2L W 2 I 8% LS s
HAE P It BCA JLA5 Wk . 12% 43 25 ¢
RIAKE 30 pgo SRS K 3 B B 1 5% B PVDF
i |, S B ] 2 hy—$HT GLUT4(1:2 000) 5 PGC-
la (1:1000)4 CHER 4, 2R J5 I TBST % 3 Ik,
BER 10 min; FIRPF T Fhif 1eG =402 h, K5 H
TBST ¥ 3 W, &4k 10 min, $5 5, 38 i 8 8Ok 6
BESGIF AT 70 T

2.7 geitsE ik SR SPSS 17.0 Geit 4t Al
Phx+s R Al TLER, 7 22 5% Z2 B A 50k L A
RIT 245001, P <0.05 N2 RA 5T L,

3 #£8

3.1 X mmia K RREE®EEREN 5/F
AU, BAH KR ERERE TP <
0.01) ; SHIAYA Lo AL, #M 5 J7 2 Ll 4% Oy 41 B 4% ¥
BT 3G (P <0.05) , b 'Bf i 25 J7 21 o 9% J2 8 3%
TP <0.01) ; 54NEJy 4l 38 4% 7 41 be i, b
O E BRI R E L R L

B BN

F1 WMNEEXFNERGRABRREEEENRM (v £5, n=12)
Table 1 Effect of Bushen Tongluo decoction on bone mineral

density in rats(x s, n=12)

4 5 F/g kg ™! BB /g cm 3
BFAR - 0.228 +0. 005
A - 0.181 +0.011"
T 5.4 0.220 £0.011>
SR Y 0.9 0.222 +0.007%
[iN=eE- Y 6.3 0.230 +0.007%

HE: G5B FARHALE P <0.01; 58840 th &> P <0.05,
Y P<0.01,

3.2 X BUEAS R BB R R SR TR
B, T 2H R AR T, (R JE 4 324 8 3 S R A
HH R, ANE Oy A R T 2% 7 2 IR Y T R
(P<0.01), 2% 4L i bE T FEHIEHRITFE LS
I 2% 7 A H A, kb 2% D7 4 I I 0 i (P <
0.05), W#k2,
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R2 IEEBXRAMBREMARMFOZID (v x5, n=12)
Table 2  Effect of Bushen Tongluo decoction on blood glucose in

rats(x +s, n=12)

415 F /g kg ™! IfiL 4%/ mmol - L~
BFAR - 12.94 +1.08
LAY - 16.20 = 1. 68
EiN = 5.4 8.48 +0.89"
W T 0.9 13.86 0. 82
N E %07 6.3 10.59 £1.31"%

T SR Y P <0.01 54 A R P <0.05,

3.3 b E BT b R BUSE W5 & % L PGC-1a il
GLUT4 mRNA RikiysZm  S5IRFAR LK, B4
F IS K 8 L PGC-1a, GLUT4 mRNA ik g
ERRAR(P <0.01) ; SECARIZ b, %0 B3 245 7 4 g
15 %% 5 8 WL PGC-1a Jz GLUT4 mRNA 3k 34 I 25 4
TP <0.01) ; 540 J7 4 B, %0 B 3 45 7 45 Wi
K5 8% L PGC-1a M1 GLUT4 mRNA 23k B &8 34 n
(P <0.05) ;530 45 J7 21 Ho g, #0538 4% 77 40 g i &
HH L PGC-1a Al GLUT4 mRNA 2 k84, {0 4
EX, W&k3,

£3I WNEBEEANBRELARBHAAFTNBEINAL P PGC-la #1 GLUT4 mRNA REMEIN (2 s, n=12)
Table 3 Effect of Bushen Tongluo decoction on expression of PGC-1a« and GLUT4 mRNA in adipose tissue and skeletal muscle of rats(x +s,

n=12)
N W5 2 28 KWL
45 /g kg
PGC-la GLUT4 PGC-la GLUT4

MFA - 0.061 0. 009 0.113 £0. 021 0.100 £0.012 0.997 £0. 182
LY - 0.016 £0. 009" 0. 043 £0. 004" 0.033 £0.010" 0.615 +0.017"
N 5.4 0. 044 0. 004> 0. 052 +0. 006 0. 049 +0. 008 0.749 0. 053%
ey 0.9 0.051 +0. 005 0.073 0. 003> 0. 064 +0. 004 0.856 +0. 123>
N EEE- Y 6.3 0.053 +0. 00434 0.109 +0. 02334 0.081 +0. 00234 0.986 +0. 17434

HSEERALKY P <0.01; SEBA KD P<0.05,° P<0.01; 54EHAHEYP<0.05(F£4F).

3.4 b B BT b K BUIE B & B L PGC-1a il
GLUT4 Rk MHM SR F AL LK, R4
K EUG D7 2H 2R i LA 2 rh PGC-1a #1 GLUT4 2R
FIKF 2 B (P <0.01)  SREAIZ L4, T8 2% 7
41 NI 45 T 40 R G 24U g LA 21 PGC-1a AT
GLUT4 75 F4 /K SE B B3 i (P <0.05,P <0.01) , %h
7 IR T 21 PGC-1a 25 F1 FIE- i ILZH 4 GLUT4
HEEAKFH R (P <0.05,P <0.01); 54 J5
A 457 4 HCHE B 3 4% 5 2L T I 4H RN R DL
YL PGC-1a I GLUTA 25 (1 & ik 88 I, (0 TG 11 2%
B, WE1,%4,
4 g

B BT B A RE 5 0 PR v 34 R 48 22 5 10 2 E WL AR
W, B AL N O IR AL, P R R RN T
1o o B DR ERT I 5 3R AT AN T e B 2R R
RS BUH BB A & Az I 1k Il ST s fa IR 3R 2 B E
U B BRI S A AR A I PR B 4
C 85 [ F A, E L EL AR B 20 H AR 1k i AT 2
Dirckx 25" B 57 % B, VHL 35 DR 5 5 /I BBt -2 40
R 2 A R o o, T B T Ot R
BLE A BT R R MR BAE . i 2BE
S8R I, GLP-1 1 1l B o1 s 474 455 8 K BRLJ il oA P
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LN E

EAKRRIEHIZHA PGC-1a 71 GLUT4 EH KX
Expression of PGC-1a and GLUT4 protein in fat and muscle

of each group rats

TR, HAEREE SR G G N, 2 B BN E S
PR B AV A s BRAE B SC IR ML, B PR R 9T
2450y AT kB TR M RE BT 22 e U
FROBT TS A B, 10 AR IR R B 8 S R AU
ERIE PN B RS S N R (11 oLV o )
TEARSCHE ™" R IR S AT A . KA
I RATE 58t % B, 45 o0 s 8 R O af W K F
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x4 IEEBEXEAFMNEREVARBHAKMBFNALF PGC-la 1 GLUT4 EAREEMFM (2 £5, n=12)

Table 4 Effect of Bushen Tongluo decoction on expression of PGC-1a and GLUT4 protein in adipose tissue and skeletal muscle of rats(x +s,

n=12)

Mg 15 41 21 HHLA L
28 3] Fl /g kg ™!

PGC-1a/GAPDH GLUT4/GAPDH PGC-1a/GAPDH GLUT4/GAPDH
5 FA - 0.305 £0. 046 0.286 +0. 066 0.471 £0. 086 1.246 £0. 110
1557 - 0.161 £0.019" 0.093 +0. 008" 0.230 £0. 014" 0.414 0. 056"
*E 5.4 0.277 0. 059% 0.126 +0.017 0.257 £0. 045 0.763 +0.038%
e yn 0.9 0.233 +£0. 024> 0.154 +0.014% 0.332 0. 036% 0.730 £0.074%
A SE 6.3 0.300 +0. 025> 0.152 +0. 024 0.293 +0. 025> 0.956 0. 120

ThEm mEHEER RN 2 BERE T SR
I R 92 285 R — B0, A S 06 & IR, B JoT s A A5 8 K B
P B R 2 R T R T RS R A E
WEAC ZE AL AR OC

GLUT4 Rk /b )2 T 30k & R AP i & 22
22— JRWi AV E LA GLUTA B %0 g ok,
TRE T HILAAR XS i 2 4 1 5 BRI AR 38§ 7K S . PGC-
Lo AE % 42 155 A1 J8 2 200 Mg Ak AR 35 K S, 2 it
GLUT4 % ik, oe 3 e 15 Z 44t ™ . K BUE M
PGC-1a it 3R IK RS I Jn 15 #% LA Ml GLUT4 335K
S, Wi 2 TR PR G B R R . AR BESE & B, R
B A A BRIl B 2 3 B T I AR D5 RN L
GLUT4 J PGC-1a mRNA JKF & 2 FEAG, U — 18
b A B, R I AN S L GLUT4, PGC-1a
7K S 35 e, 4R R 48 28 i TR A E A A B
B4 B M A ZAL TN a0 B K T T ORI R
FhFEZ—.

B2, B R A4 S AL
KR MRS HL Y o R B T R T R
RE” 9 MLIG I 48 28 5 - JoT 6 A RE A9 I DR 39 7, f 1)
JERREBE S . ARBESE & B, i A P 2 Ll
g2y RNEELS R T U B R R E RN, 1
B ST B R D5 RE % L GLUT4, PGC-1a mRNA
KA F KPP o 3k S 2 BRI S RE 5 A 4K
T 1A 25 5 R T P E A BT B A B A
ZEAL , HAE FIBLHN 7T 68 L5 38 fin - LA 7 46 L PGC-
la #l GLUT4 £ikA %, H PGC-l1a 1Y L Al fE 24
AN I 2% 7 4 R GLUT4 3R 35 A Jn B 5 2% sk
PR EEHLH 22—

2 i I N 0 e e SR R SRS s gk
PASE B 4 B PEAE AR5 25 L A% 0 B 2, JF 0 20
BT &b Bl 4% 7 a8 ot b PGC-la 7K P {2 iF
GLUT4 33K FIAG R4 il 104 7K - (1 /B AL, o 4

28 B A E (9 5 O I ATF 5 4 1 1) 8L e, O
Sz FAb 8 2% 10 05 LA 5 7 24 9 i PR L it 5
B AR o AR, ASBIE 58 %) ol ARSI B0 52 AR
FPLHI B I B = 2 GERA B BT, A Ff 4 Ja AN W

=g
TEH o
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