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Mechanism and Research Progress of Metformin in the Treatment of Osteoporosis
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Abstract: Diabetes mellitus and osteoporosis are two common diseases affecting the health and longevity of the elderly. Diabetes pa-

tients often have bone density reduction, bone mass loss, fracture and other symptoms. Metformin, as a traditional oral medicine for the

treatment of type Il diabetes, also plays a role in the treatment of osteoporosis. In recent years, more and more studies have focused on

the role of metformin in bone metabolism. Because of this, the mechanism and research progress of metformin in the treatment of osteo-

porosis has been summarized from the three aspects: animal model, cell level and molecular level.
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(Type T diabetes mellitus, TIIDM) HBEFEMHFEL
BHIEEAG . SR TR, ASERSERT Y. =
HHOBUNIAE R — x4 11 B PR i 1 4w Eﬁ’(ﬂﬁ
Wy, HSATPREIRE I R 2550 C A5 2 Fe o e .
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EE®ET: Sl (1984—), 2, INARTEM A,

YRR — H R EE BHEEM, PGS
B B RE R b, Gao 21 32 HUME
Sprague-Dawley ( SD) X Fl 43 & SHAM 2 (R F AR
)M OVX H(LEHBH), KXH3PMAJE, OVX
M5 OVX +0 mg/ (kg + day) — HIBUICA |
OVX + 50 mg/ (kg + day) — H SUHR 4 F1 OVX +
100 mg/ (kg « day) — FI XU, SHAM 4 IF ¥ IK
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Tuﬂm, BN TR R LA — R K
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FHOBUNIZH L ) MR AEG 5 5 43 85 [ (50 mg/ (kg - day) ]
TOHORUAR A B R BUMK A . Mai ZCT R
100 mg/ (kg + day) — I BUIUARIE OVX KRR, 45

FH, FISHAM 41AH Lbis, OVX 418 % M E 0
P R (P <0.05), [iifl OVX ZHAH L3,
OVX + 100 mg/ (kg + day) — FXUIRZH 14 B 5 135
TS EA TS (P <0.05). 38 I8 T i Y 1
JEB® (Von Kossa) Ye o X5 (85 b #E17 5347, LA
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2 EHEBRKFAEMNFARER

HREE F5 T 40 it ( Bone mesenchymal stem
cells, BMSCs) 7EM A BRSNS E 15T 51T,
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LRI 8 4 o 200 A 40 i B A
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AL IR, $ s A0 Y UE RE ). Mai
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1k, AR BRI oAk, T R AR Y 23 A
T ZE A2 H 38 7R T F UG Y7 B B E 1)
BL.
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tion factor 2, RUNX2) &5 i A 73 A AH 5 1 5%
BEEE SN T, MSCs 2 nl3did #ek RUNX2 S PR
SN B AT s A Sy R 0 B A R
TR VERE FR i ( Alkaline phosphatase, ALP) 15141y
AR AT TE— A R bR e sh 4 B s AR T
B R Z R ALY E 24K v (Nuclear hormone
receptor peroxisome proliferator-activated receptor 7y,
PPARy) F1 CCAAT #4558 7455 H H o (CCAAT/
enhancer binding proteins oo, C/EBPo) JE&VE¥E A Wi
R KBS SR T, I H PPARy FIC/EBPafE W]
— AN ERIEVERT™, PPARy f3ik4M i MSCs
R B 20 S A 575 5 MSCs 231k it A I 107 7% 2.
Z WOBUIK RE 98 18 43 1 0K P A 9 R AH OC AE A
RUNX2 F1 ALP ()35, i IR AH G L PPARy
1 C/EBPa {93235, MM E MSCs 2 A A4 BLH 53
e, ISR 7k, BETR B BB AARE A — &
ey PR

T «B B2 AA35435 7 (Receptor activator of
nuclear factor kB ligand, RANKL) FI B 1§ 7 &
(Osteoprotegerin, OPG ) J2 5y 41 it 73 W5 1) 3= 2 41 iy
¥, e R AR o3 A RIS BE P Ak B R A
JHT 7. RANKL 75 AR slCH i o ) 240 e i 5
BT «B (RANK) W20GH 7455, BAHS
WeEr otk S FAATE R DIRE. OPG & RANKL
AOSEAHERITR, BERSHI R BB AN A k. FE/ N
PR IR AN AN SR A AR MC3T3-EL Ziffgr, —H
MUK RE B8 0% OPG mRNA H1 85 1 1 &3k, 1
RANKL mRNA FIE [ 25k, M 18 40 i
sk, R T, Bk

AMP ¥ 35 55 ¥ B ( AMP-activated protein
kinase, AMPK) J& il i 1% AL Wy (4 K - 1Y g B
PR RGBT A SCBE R 7], AMPK 75445 B 2H 41
RN & R 22 35K, AMPK {553 4 )
5 REAS L HE B AL 3 58 . A Fne™ 4k, AT
MR 7R RESH M MC3T3-TL s A —
SO, n] i 2F 40 J ) 0 A A . Western: blot 73
ProgBn, —HOSUIGHE i BERR 1 AMPK SRi0E AMPK
{Fimps, JT I AR B E , TS 1
JCE AR SRR AR

DL LRSS R T, I XUIKRB U242 #F B AH
KHEH RUNX2 FVALP {335, S BN AH O Jk
PPARy #l C/EBPa 13235 — W SUNA i A & 4

JEE N5 RANKL mRNA FIEE 81k, BB I
{fi RANKL p#il77) OPG mRNA I H3RIA; —
HOSUIRRE 4% 3T AMPK {5 5l %, i fE 7> )2
TR 7R T OBUIG Y7 S AAE H B

4 itig

gE LTk, —HORUNRT Ayl 4 PR s s 8 & A
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TR —HOBUIRE RS (e F B s 10 70 o 4 A ) B
oA, LG oAk, AR R A 1 5
O34k A A A B 40 M3 e 2 T A RS
PE—E e — H SUIKEE 0% 12 28 A1 AH 5 25
RUNX2 Fl ALP %5 1y 3% 35, 40 il A% g A0 26 3% A
PPARy 1 C/EBP %5133k, FH-3i% AMPK {5538
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B 1 75 1 — 2 TR AT

[ &% 3]

[1] KHAZAI N B, BECK G R, UMPUERREZ G E. Diabetes
and Fractures-an overshadowed association [ J].
Endocrinol Diabetes Obes, 2009, 16 (6). 435 —445.

[2] RAKEL A, SHEEHY O, RAHME E, et al. Osteoporo-

Curr Opin

sis among patients with type 1 and type 2 diabetes [J].
Diabetes Metab, 2008, 34 (3):. 193 -205.

[3] KIRPICHNIKOV D, MCFRLANE S I, SOWERS J R.
Metformin: an update [ J]. Ann Intern Med, 2002,
137 (1). 25-33.

[4] GAOY, LIY F, XUE J, et al. Effect of the anti-dia-
betic drug metformin on bone mass in ovariectomized rats
[J]. Eur J Pharmacol, 2010, 635 (3):. 231 -236.

[5] MATQ G, ZHANG Z M, XU S, et al. Metformin stimu-
lates osteoprotegerin and reduces RANKL expression in os-
teoblasts and ovariectomized rats [J]. J Cell Biochem,
2011, 112 (10): 2902 -2909.

(6] JAMAE, Wiy, FESCEE, 4F. T HUOBUMOM 25 350k BUK
X/ DI ALTUR0I O I NI )7 IS N A VS o/ A
2017, 33 (6): 342 -344.

7] BENAYAHU D, SHUR I, BEN-ELIYAHU S. Hormonal
changes affect the bone and bone marrow cells in a rat
model [J]. J Cell Biochem, 2000, 79 (3):. 407 -415.

[8] PINO A M, ROSEN C J, RODRIGUEZ J P. In osteopo-
rosis, differentiation of mesenchymal stem cells ( MSCs)

improves bone marrow adipogenesis [ J ]. Biol Res,



553 1 e, Xl

T HIRUNART T & BOBARAE B BIL ] S AT i i 107

2012, 45 (3). 279 -287.

[9] GAOY, XUE]J, LI XY, et al. Metformin regulates os-
teoblast and adipocyte differentiation of rat mesenchymal
stem cells [ J]. J Pharm Pharmacol, 2008, 60 (12):
1695 - 1700.

[10] skilde, Rz, @, 5. —H S & w5k

B REIE AN M S A AR R [T ] PRk
A%, 2011, 40 (10): 131 -133.

CI1] skilede, A%, mw, 5. SO Ig 1 216
FEm T4 mg [J]. EReaprsg ek, 2009,
38 (12). 55-57.

[12] WANG P, MA T, GUO D, et al. Metformin induces
osteoblastic differentiation of human induced pluripotent
stem cell-derivedmesenchymal stem cells [J]. J Tissue
Eng Regen Med, 2018, 12 (2). 437 —446.

[13] GU Q L, GU Y Z, YANG H L, et al. Metformin
enhances osteogenesis and suppresses adipogenesis of
human chorionic villous mesenchymal stem cells [ J].
Tohoku J Exp Med, 2017, 241 (1). 13 -19.

[14] CORTIZO A M, SEDLINSKY C, MCCARTHY A D, et al.
Osteogenic actions of the anti-diabetic drug metformin on
osteoblasts in culture [J]. Eur J Pharmacol, 2006, 536
(2). 38 -46.

[1S] B, MR, SPEeFy, 5. Fhm = B BUI R B
R B A AE . A R AL SRR R [T ].
FPAEEAE DR BR2E, 2008, 6 (1): 47 -50.

[16] DUCY P, STARBUCK M, PRIEMEL M, et al. A chfa
1-dependent genetic pathway controls bone formation
beyond embryonic development [J]. Genes Dev, 1999,
13 (8): 1025 -1036.

(17] FAB, EIFREAM. B0 e 7E 3h ¥ & # A h Ay
Wi [J]. faeHEYE, 2009 (4): 14 -16.

[18] ROSEN E D, HSU C H, WANG X Z, et al. C/EBP«
induces adipogenesis through PPAR+y: a unified pathway
[J]. Gene Dev, 2002, 16 (1). 22 -26.

[19] YASUDA H, SHIMA N, NAKAGAWA N, et al. Oste-
oclast differentiation factor is a ligand for osteoprotegerin/
osteoclastogenesis-inhibitory factor and is identical to
TRANCE/RANKL [ J]. Proc Natl Acad Sci USA,
1998, 95 (7): 3597 —3602.

[20] TEITELBAUM S L. Bone resorption by osteoclasts [ J].
Science, 2000, 289. 1504 - 1508.

[21 ] KANAZAWA I, YAMAGUCHI T, YANO S, et al.
Adiponectin and AMP kinase activator stimulate prolifera-
tion, differentiation, and mineralization of osteoblastic
MC3T3-El cells [J]. BMC Cell Biol, 2007, 51 (8):
1-12.

[22] KANAZAWA I, YAMAGUCHI T, YANO S, et al.
Metformin enhances the differentiation and mineralization
of osteoblastic MC3T3-E1 cells via AMP kinase activation
as well as eNOS and BMP-2 expression [J].
Bioph Res Co, 2008, 375 (3): 414 —-419.

Biochem

(8% 103 1)

16 {vi HLJE ] CPU BETUHL Y B TS BLRE S 7
FAER SRR AL, vt it s
SRR ARG, 5T CPU ThRE, ¥ RAFAE,
PIKR =K, 251 CPU BRINL R 4845 5
TFBEE THEAY, FEXNHETR) T M AT FPGA (1
RGEVOTHAT TA B X HRR.

(&%)

(1] i, Xilinx W] 2 22 48 25 440 1 1o 0 55 1500307
[M]. dbst: BFIolk sk, 2004.

[2] WS, ZHdklr, B, EDA RS [M]. 4t
e BleEH AL H AR, 2010.

[3] skik, =z, WHREK. 5T VHDL (5 16 fii il
B 558 [J]. BFHHwE, 2018 (13):
275 - 278.

[4] MIPS Technologies. MIPS32tmarchitecture for programmers;
volume 1T set [ EB/OL]. [2019 - 01 —25]. hitps://www.
docin. com/p —337395071. html.

[5] hHePE, M. ICHmiEs BT8R [M]. 4 ).
demt: RN, 2016.

(6] FHR, £, ERE MELTEIEE [M]. 2 ).
P94 POl RO R AL, 2007.

(7] #ell, ZoKker, WES|, % FT CPLD iy PIC32 Hi)y
HIKRBBAE RGBT [T]. 2011, 35 (15): 78 —80.

[8] wtigk, DAl IATHEAEMLA R H PR PR A 5 5
B AR R (V] MR E, 2012 (1):
146 - 149,

(9] JriEhg, skutA, en. XTHRHA “HEILAH R
SCR” B R RTT [T]. SRR SR
2%, 2008, 27 (3): 97 -100.



