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Silibinin improves bone metabolism and bone mass in osteoporosis rats through PI3K/AKT/

FoxO1 pathway
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Abstract: Objective  To investigate the effects of Silibinin on the bone mass of rat models with glucocorticoid-induced
osteoporosis { GIOP). Methods Thirty male Sprague Dawley rats aged 12 weeks were randomly divided into three groups: the
control group (#=10) was intramuscularly injected with an equal volume of 0. 9% sodium chloride ; the dexamethasone group (n=
10) was intramuscularly injected with dexamethasone at 1 mg/kg (twice a week) to induce GIOP; the dexamethasone plus Garlic
extract group (n=10) was subcutaneously gavaged with Silibinin, simultaneously. The bilateral femurs were collected after 12
weeks to perform micro-computed tomography and bone biomechanical examinations. Also, tartrate-resistant acid phosphatase
(TRACP) , cross-linked carboxy-terminal telopeptide of type I collagen ( CTX-I), alkaline phosphatase ( ALP), and osteocalcin
(0OC) were tested. Western blot analysis of the effect of allicin on PI3K/AKT/FoxO1 pathway. Results The bone mineral density
(BMD), bone microstructure, and bone biomechanical markers reduced significantly in the dexamethasone group compared with the
control group( P<0.05). The bone resorption indicators (TRACP and CTX-I) increased, while the bone formation indicators ( ALP
and OC) decreased. After Silibinin treatment, BMD, bone microstructure, and bone biomechanical markers improved significantly.
Moreover, TRACP and CTX-I decreased significantly, while ALP and OC increased compared with the dexamethasone group.
Further studies have shown that Silibinin can regulate bone metabolism by inhibiting dexamethasone-mediated up-regulation of PI3K/
AKT/FoxO1 signaling pathway. Conclusion  Silibinin can regulate bone metabolism through PI3K/AKT/FoxOl signaling
pathway, and improve bone mineral density, bone microstructure and bone strength in GIOP rats.
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BT 12 A, KBRS & 4 Ak, DEX 40 K H i CON 42 H AR, M SIL 41 5 DEX & A
Rk B F CON 41 (P<0.05); 1M SIL 5 3 HARRIET:,
CON AL, M F T W & &4k (P>0.05), WL 1,

F1 REMEEEL (L)
Table 1 The changes of body weight of rats(%+s)

W H CON #H (n=8) DEX #(n=17) SIL# (n=7) F 18 P{E
/g 356. 4428. 98 436.11£7.87 * 371.29+8. 66 23.56 <0. 001

.5 CON4[b#, " P<0.05,

2.2 Micro-CT 43 #7455 8 TMD .Conn.D . Th.N . Th.Th . Th.p .BS/TV % %} & 2H BH
g THam A EEGRUE 1 PR, BE R (P<0.05) ; SIL 4 /2l B & BMD , Conn.D
MW ZE M E 2 i, DEX 4 =M i & BMD, Th.Th ¥J8] B 5 T DEX 21 (P<0.05),

B 1 SHKRRIET 12 BEARS T ik — R ds R

Fig.1 Three-dimensional reconstruction of the left femoral metaphysis after 12 weeks of

treatment in each group of rats

R2 RBZERAE B Micro-CT I 45 5 (225)

Table 2 Micro-CT results of the left femur of rats(z+s)

B% CON 41 (n=8) DEX 41 (n=17) SIL 4 (n=7) F{H PiE
BMD/( mg HA/em®) 279.23+34.33 185.52+ 36.34* 246.45+32.34* 4.22 0.020
TMD/( mg HA/cm?) 798.78+78.98 734.54266.33 " 787.87+65.77 5.09 0.003
BV/TV/(%) 0.33£0.07 0.21£0.09" 0.28+0.06 4.56 0.040
Conn.D/(1/mm?) 131.44x17.22 69.34+12.78% » 111.15+19.44* 18.05 0.001
Th.N/(1/mm) 4.78+0.19 3.35:0.21°* 4.23+0.17 6.67 0.006
Th.Th/( mm) 0.22+0.07 0.08+0.03 " 0.18+0.06" 10.44 0.010
Th.Sp/ ( mm) 0.21+0.02 0.32+0.03" 0.26£0.07 4.86 0.030
BS/TV/(1/mm) 32.48+6.12 37.55£6.21 33.14%5.55 0.57 0.001

T 5 CON 4l thig, * P<0.05; 5 DEX 4] b4z, " P<0. 05,

2.3 BEREY A PR R T DEX 20, PIZH ) 2 7 A g it B X
PR = S il g 2R B, STL 4 B9 e R 3 1 Al (P<0.05), W% 3,

F3 ARERZ AT SR (axs)

Table 3 Three-point bending test results of the right femur of rats(z+s)

1 B CON #41(n=8) DEX 4 (n=7) SIL 4 (n=7) FAf P
5 AT (N) 168. 55+22. 55 103.12+13. 56" 143. 4417, 44* 10.55 0. 003
PR (MPa) 7342. 1+86. 44 4324.5+57.55" 6143, 6+65. 45% 14.76 0.001

7.5 CON 4l [#, * P<0.05;55 DEX 4 [4#,*P<0.05,

2.4 Ifi# ALP OCTRACP #1 CTX-I f{) 454k 18 E TR (P<0.05) . 5 DEX 4 %, SIL 4 M 1%
5 CON 41 b5, DEX LM% B IR bn (ALP . H IR ids4s ALP 71 OC @38 71 (P<0. 05) , # L
0C) B F &ML (P<0.05) , B WA FEAs TRACP [CTX- 545 TRACP fIl CTX-I 3% [ (% (P<0.05) . L
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%4,
F4 KB ALP,CTX-1,0C 1 ACP Y4553 (2+s)
Table 4 Results of ALP, CTX-I, OC, and ACP of rats( &+s)

W E CON % (n=8) DEX £ (n=17) SIL 2 (n="7) Fia P&
ALP/(ng/mL} 59.97+6. 45 41.44+5.12" 56. 44+6. 55* 144.23 <0. 001
ACP/( pmol/L) 44.44+4. 46 53.54+5, 13" 46. 67+4. 98" 130. 66 <0. 001
CTX-l/(pg/mL) 12.45+2. 56 26.54x3.34" 22.09+3. 23% 134.55 <0. 001

0C/( pg/mL) 344.33+37.55

242.34+29.24"

323.44+32. 34" 123.55 <0. 001

¥ .45 CON #H k%5, * P<0.05; 5 DEX 41 [t %, % P<0. 05,

2.5 SIL X} PI3K/AKT/FoxO1 {5 538 B 5 W

i BT E A AKT B B2 1k 9 AKT (p-
AKT) FoxO1 #0 p-FoxO1 K¥, 5 CON ZH#H H, Hb
ZERMIRE T p-AKT/AKT B LL 1A p-FoxO1 f £
FIB & &, 5 FoxO1 By K P20 A FEAR (P<
0.05 Fll P<0.01) (|8 2) o MR¥EIXLELER, HhZE R

A B

15
Con  DEX SiL

D e e |

gw,ﬂ{¥§ .

b

X

AKT | s |

p-Foxl 1.6

el

prr————————y

Ratio of p-AKTAKT

8.8

o+

HY FoxOl Y5 30k M Ras R AL B )5, 5B 4
THER T HuZE KA B AE H (P<0.05 Al P<0.01),
DU R R, KR R E 6] PI3K/AKT 5 %558
HERERS [ FoxO1 B2 if k. BRI AR L
i FoxO1 e s i P 12 8 AUl .

Con DEX siL

2 SIL {3 FoxO1 %8 [ R %k
A a8 A EE AT E p-AKT  AKT \p-FoxO1 F1 FoxO1 2 H Fi K ;B 1 DEX 414 [, SIL 41 & 35
LA L F p-AKT/AKT § L3R, 5 CON 4, ™ P<0.01; 5 DEX 4 b4, " P<0. 01,

Fig.2 FoxO1 protein expression promoted by SIL

3 itig

A T, Micro-CT & i DEX 41 X iR
BB REEDE TR, XRWERERW., A
SIL J& 47 GIOP K R J5, BV/TV, Th. N, Th. Th #I
Conn.D 5 DEX ZHAH b 2 e, KRB/
O &5 #9152 ol

B T P AE A — R e R 1 i AR R
. GIOP R4k R kB BBt G E 6. BFRRY,
WE R B RIBIT T 4R 3 A H A, 8 HEF 3 i U
I 12 A H B35 B e W . 7E % L SR R B
FIRITRARE S, BT XK 58 H O R K R
FIR I DRk, B TR A A A B OR ek 32 B
FHMETE. Milic 2-* B4 T K KB =N EM, I

M 7 7K Y B0 7 AT B8 SR T w6 o R AT | Bl Jk ks A A
T RFTREACA I8 T1 258 . BeAh BT R BK )
] 5% W] 8 o AR AL AR T PI3K/ Akt a4 A 3 75 5K
VIR B R A 10 hBMSCs T RERERE 'Y, Xk gh R R
B K 6l 3R B AR T R R AN BV

YR E B W PLE AL DL R B, FoxO 37 HL &
FgR R I8, Hop FoxO1 J& FoxO FK R A T 2 A 5 .
1 1 40 PR S R L3 2 T L AR 4 Bl FoxO SR H
H, FoxO1 J& pl - 40 i 3 58 A1 4R 4k o S 45 i 5 /Y
i — B, B0k FoxO1 il B A" . FoxO1 F&
it PI3K/AKT {5 S &2 #4775, FoxO1 & 38
i PI3K/AKT @2 W iR AL , 5 2L FoxO1 HOli i) 5% 5%
A DNA 454 88 )1 324 o AKT B B W 2 4
WEIRAL I FoxO1 J5 5, AT S Z 40 M B PR B L 2K
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TG FoxO1 3877 5 B 1% 6 35 7K OF-, 3% 26 3L R 4%
il 25 it AR, A0 A A A AR RE B 40 AR T A A Ak
B, MR I PI3K/AKT & 22 1 3 1% ¥ FoxO1
(4 22 B BR TL RN AZ 55 47, 4R 5 X 2833 A2 1 58 FoxO1 11y
B e, S R R A T X &5
TFoE W, FoxO1 J2 5 B 40 M A il A0 B R i i) = 22
EHI A, TS e AR PR R B A N AR Rk,
AT 57 W o B % DG A I AKT 8% B8R 1k 1 AKT
(p-AKT) . FoxO1 1 p-FoxO1 7K ¥, & B Hb 58 K #3
& T p-AKT/AKT (¥ F 5l F1 p-FoxO1 19 2 5 &
i /80 FoxO1 B A /K414 T B A SIL 4 3
Ja ,AKT . # B2 1k i) AKT (p-AKT) .FoxO1 #1 p-FoxO1
BB i, X e gs LR B SIL i3 #1 ) PI3K/AKT
155 ERBENE I FoxO1 #5535 P e o8l 5 B 1L .

B AW S B A T AR AR R T
BRSBTS R BT . B EERE.
HHEMMERENSEGRNR, Al WG48
25 2 MO B R R ST A Rl . i
HUAR M 0 19 T 08CR 1 B A% =96 9T B 0 A AE Y H
I IEA TR M . AR, = E A5 %
B, DEX #f Y % K #% far F0 30 Pk B2 & 3 I8 T CON
H,SIL YT A B ERS KR EHE IRz,
I g CTX-1 2B v 170 e J5 i At 7= o A 00 i
8 CTX-T 7K - AT AR S5 ot 52 Pl - 40 L 0%y W 50355
P, TRACP F B ey B i 40 M B ik A9 B e IR AR 7™
A BRI S R R A — R A WA AE Al R Ak .
., TRACP 1 CTX -1 K PS5 HWIKEIEM K. WK
B UM RT LA B R R ALP ALP 2 L ALP (9 &
B MR 4, FT DL R BeE T R AR A, OC i &
B FEE ARG, L CE A R B 4 i A
S TE AR . AL B TR BUbR R, AL EE OC
ALP MR H 1 (3R A, BB F . RFRH
S5 5L B SIL RT3 0 i B 440 3% i R0 900 <1 T i 9
FAZHE GIOP KRR M-H T MRy FHA ., HER
WEoT A H AN R 22 Ak 0 52 5 3 /0 BB Y B TR) 3R
WREHE—-ERE,

Mz, K T E AT LLE i PI3K/AKT/FoxO1 {5
538 PR A AR B B R LB W W R

W LI M IRYT GIOP,
[l 3 = x W |
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