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Abstract: Magnesium is the major intracellular divalent cation and is involved in many physiological processes. Magnesium

deficiency may lead to osteoporosis. However, magnesium supplementation may promote bone growth and prevent osteoporosis.

This paper reviews the progress on the mechanism of magnesium-stimulated bone growth and bone metabolism.

Key words: Magnesium; Osteoporosis; Osteoblasts; TRPM7

HEETRAMENEZN MHHEF, S 5kN
JLFFA AT 2, B I A A R
TR A S W LY DA R R R I R R RE A
I BER T AR A — A S A AR, R
FASE AT BB B A S 5 B I I R
FRFFEAREA 300 ~400 mg/kg 8, 1 137 P A0 BE Mk
BEAEIFTE 0. 75 ~ 1. 00 mmol/L 385 BBl 4, 85 Il 375 BE 1%
F0.75 mmol/L R A IREE LAE, 1% F 1. 0 mmol/L
RIA R BEINURE . PRV BEM) Fr i 28 22.6 ¢, Hip ok
241 65% THIFTEHH B 1/3 IEELL IR LR
NI, 2/3 W IfHFEm ) e R &5 F 2 1 , h st mT
UL B R R R Y BB B0 R R
BR, SECR MR AN T3 b R 00 )
HEE AR G R A . AR LR T B S B T
AT

1 SRZTE5ERER
PEBZ S5 KBRS B REAMIE A —

«INVEH . BT, Email; yangjh@ ucas. ac. cn

i BRI BR A s , HL 0 R e B 4 2 i
THEERSZAR, B A3 0B B 25 L R sk 2, B
JRAE W,/ INRRCR A, BN B e R
e TR
1.1 BESk= SECE T

IEH ARET, B R BRRT E & 420 mg/
K, MR 320 mg/ K, HE LB, RZBAWH
AR T 13ATEFR " . Robert K. Rude 257
SRR A S AT g i ) R B, e = &
FERB L VAT R B N B
(R S E % B IEA M Kanazawa 25
W T —11] 82 % 1 i An Lo B, i TR E 57
AN R AR BEE | i BE it = S BRI PTH 43
WA E 4 A2 2 D YA RS2 B B R
ik, Khazdooz 55 AWFFE T 60 48 28 5 B Joi B A 9iE
BB BRI R A2 BB 120 my/
T AR B IR 1 37% |, T 45 3 - Y 0 8
BH 0.7 £0.01 mmol/L, fik F IF % & F"
Ersin 28 NAE 77 G462 515 SRR AAE HUE RN &
PR R UR PO 2T 40 R R R (51, 51 pg/mL) A



1126 FEE RIS 2014 459 45 20 %559 ] Chin J Osteoporos, September 2014, Vol 20, No.9

BALTIE W A2 )5 1020 (54. 54 pg/ml) | X SE4f
TR E R T e BE B TR AN A e iz AL
FEP S

ULAbh, ShP A AT 5% i — 2 E B B i = B0
FREERA . Rude' ™ 2 A & BE AL N 0. 0029% )
REMRF N (EFRREPESEN0.05% ) , kI
BT /IR R BN IR I , I BB SV S
HH Sk D s &y BRUA AR ) 9 B IR/ 33% |, R A
FER B ISR EE T R [T /N BRI BT s 170
ORBUR B A A A N T 135% , 4
ifL P 50 B /L | ik 3 B B = RE S B S 0
AR, I EHET AN R R B A BE e = AR R, 4 A
e g o 8 R 0.005% ", 0.0125% " Fi
0.025% MR B, BFFE A B 2 B, 5 IE AR (&
B 0.05%) K B A Ik, #& A &% 8 0.005% #1
0. 0125% R 1R BRI AR M BEAE , 3% PTH
S, AR 0. 025% PR ik BUM G
LSRN PTH SR EArA KEURN 1,
25(OH), 4i % D Fat R B8R A
FFE e B B e = R 9 1 B /N R AR B 35 B 8 ik
INAEAEEE 0. 005% F10. 025% Y i K BUA 6
T B A M A T A Pl AT L
P = 4 S SO B A R 1 20 B A S A T R
(RS2 , T 3501 R AA
1.2 BEBRZ 5Kk B BRI i A

AR B GT 2R B L BE B = 5 R P 45 2 7
i ZEEL, A 51 HOIR S AR B2 (PTH) A1 1,25
(OH),4E/E 2 D B4 WA/ 3 i TF s A
B SEH . B IEoT & P AR B O85BS T b
R A A3 5 e Leidi 28 AR PR AR
BERAT, WE 4 RS — SR8 A
(iNOS) [ ek, 8 in— % Ak & Bk, w0 i %
B NO B 2R M Y 5 B A R R o
fIRMRBE I NO REMS (R E 1 AN IR A 34 8, 1T B NO
VR AR v, AR 400 i A 8 5 7 I R
INK 7EAREEA F1Y INOS 305 i At P 21 S ZE
BREEIRASTT INK 9410 1 551 58 0% 7k 52 ni B 40 B 1) 1E
WG I ELAS M H] INOS ek Fi |

THAI BB = B T P R (OPG) K-
ﬂfﬁ, RANKL ( receptor activator of nuclear factor-« B
ligand ) 7KP-34 10, M TTS | A0 2 40 L P 0 188 o, i
PSR SR BEE IR TR AR B AS T
W3 INOS FRikny L, B2 G NO e R
200 DR R R L, 1 a0 40 L R A O i e

WG VEFT " IeAh B Z I B 4T TNFo 5 P
WITRFEIA B BN BUZE BBk S T IS M
2R BRR TNFo 52 R H R 22 A T4
Bz Bl E G,

2 HEEHREK

2.1 KIS TG

WFFE R, DIRAN FERE AR EE (1830 mg/ K ) ™ 5K
HIKEEBTRRREE (720 mg/12 h) ") AT 4 22 f B
TR R AR B J J8 o A R S 1 )4
B B BB B . Yasuhiro ™ F1 Yun'™* 45
TESHPIRERI A B . AR H b TRk RS 2% A7 D L
VIR 5 KB B B AAREIR . Yasuhiro 25 A FH DN 5L
VIBR A9 K BRORAADL 26 28 I - B A s A REIR, 5
PR (B 0.15%) b BR B, 6 LU, SIEH
RE (8 0.05% ) IR, SR B R IR
TR S BE VAR (B O TS A ) 18 £ B I Dk
A i PTH KRR, 485 28 10 K 7 1 G 2 1
O BB R B R R B RS F) W R '
Matsuzaki 25 A\ (RIFFE 2, FEE Tk B REAS IR K
SR o PTH 7K, 280 il B P 5 R A K R
PR PSR ) B RS 5 S IR | S R A
B E AT KR 2 UG, S i
BELH R BT P A 5 2R CTx (R WS A ) 7K 7
KU B T IR a4, B S W e A e, S
R RN S PTH A1 CTx 7K F- B B %45, Bae
NI LB, PR rh R TR RS I 8 s K U4 Y
() A 3 3 Ao 8 Y B A R BRI T OPG/
RANKL [ A1), DT D6 215 W i A > i i
TFFE ) A IR 4 a8 B A AR B 1 TR A K L
W, Bl 4 Bk B R A, R U B 4% AR 3] d 3
WA, L7 5 R K 3
2.2 BESHEASIRITEITRNE B

G @ B A A A BT R A T T B
VEER RS BRI (1.7 g/em’ ) 35630 N1 25
(1.75 g/cm’ ), HBA PR (45 GPa) 5 A (20
GPa) $53IT , e R A 0 A= RR 255 1A R R ek i M By

Li %" Fl Zhang 25" 23 BI4E T Mg-Ca HI
MgZn £ 4B AR 1 GBI F B 1 B 426 A
P o S U G DN AL s O
R DS 5/ USRS A B K0 R AR
PE R B SARE TR LR Y T SR A
RIE A B i B 5B SE S A SD KR



R AR 2014 4E9 45 20 #2459 ] Chin J Osteoporos, September 2014, Vol 20, No.9 1127

JREH T N BEE B 4 HA AT 0 ] R B B
LA, R 2 5 0 B i B A R AT
ARIEAE . Weng 25 % BLTTT A K B4 R BT o
WFRE R E L BRSO R B, AR B G
& L EBA AW Mg (OH ), RE A% 40 T i fil Ak
B ARG P, 5 FLYR 10 B 200 e 5 41
e,
2.3 BERHEE AR AE B

PRI G 3 B, BE B T RS AIE 1 Ao A4 e iy 34
FERGHT (2R AR R A R R T A A
WAARILE AR DY R A 1) 1o A b 2 T I v VR R R B 7
Yang " 45 Nk B4l 4 i BE 15 T P R S T vk
}910. 286 mM, B &4 NZ30K 12 H i &4 5. 9028
mM , AZ91D 2 i H & 8 3. 3998 mM; i1 EE &
SRR (R FT A, A5 R R BT
( <10 mM ) REFE 3 B) 70 5 T 40 M ARG B 5 A2 4, O
ARSI ) Sl 7 1) 434k, SR, WAT IR R B
T 5mM 5L 257 REAS HA 400 BB 40 A A 3 i 5
IMER
2.3.1 TRPM7 338 2R [ . 550 E 40 M 2% 1f 22 iR H5 B
B 1 8 & 4 TRPM7 ( melastatindike transient
receptor potential 7) , B2 —FhZH B 75 7% 14 FH 25 -3
EHZFIMAN Mg® " /Mg™ " -ATP 35, HHI P X1 €
I EA oI E ™, TRPMT RERS I i B
HNFAE S KT T R 40 %) A BV 3, H o
PR 1 S L 1 A 8 T B T i 1 IR
Rt AL T e S AR . TRPM7 38 18 85 1 7R 2
5 4 J 7K 7 B B8 B 1 i b ke 3 A AR
TRPM?7 5 R0 8R (49 B 15 200 it 290 i 6 B0 >y 40 it Ay 56
Bz R, TRPM7 25 T A 40 i i 14 5
554k, UUER TRPM7 JE IR, 20 i 33 5 52 51 0 g 410
/R 1S E W e 1 DY DR A A 2RI 1 2
PDGF BEMZiH 1t TRPM7 T M P BE 2 vk B, (i itk
RS OE i R
2.3.2 [ TR BE B T RB S A S 4h
YEE A5 SR ARNTE 32 2 Sh R, 2
O e S O PA ST A W= i - < p7%

1247 #23 ( membrane magnesium mitosis model ) £

TR 223 34E SRR MO BE B Tk et
TR, I FLI s PI3K S8 A A0 i A 2443
A Lozano SR B, BE B THENS F 145 HUR- 41
MC3T3-E1 53 A 5 Y 2 H &3k, U calreticulin
Prolyl4-hydrolase beta polypeptide LA J Annexin
A5 . Jeon. S. H Z5 W 9% # 7~ , Taurine i i3 B0 75%

ERK1/2 38 %5 | 5 A PN U 25 56 28 1 & fa ks,
SR A PR T L P Tk
AT A A R A A 2 LR
25 TR HERL = 5 B B, 3 Y b A
AT AR S MR EHLUER | BB TN
SR, BLAh, ATREAR 4 6 LB G & e
N BBEST AV FE DL 3, A BB R R 1 5 S )
RIS EITIZ N, SRR BT R i A
FAFN A, AR B AR A HPLEIAT R R A SE
TRPM?7 38 18 &5 X 4435 20 Jf P 86 8 7Pl 2L A B
ZEH , TRMP7 7] DL A BEFR AL 330 -l L B iR 1k T
T H, W myosin ITA T Annexin T, 330005 5 R Ji#Y)
AL G SRR B TS OE TRPMT
VRS B A L o A Y A - B S 3l B AT T E— 2D
5%, DRI, P W6 B A1 1 1l 00 B A AR Y
YEFHMLT, SIE Y7 B B bA R 3T 55 B0 146
JEL R BB

[ 2 % x & ]

[ 1] Cowan J. Structural and -catalytic chemistry of magnesium-—
dependent enzymes. Biometals, 2002,15(3) :225235.

[ 2] Barbagallo M, Dominguez L. Magnesium and aging. Current
pharmaceutical design,2010,16(7) :832-839.

[ 3] Musso CG. Magnesium metabolism in health and disease.
International urology and nephrology,2009,41(2) :357-362.

[ 4] Saris N. E. L, Mervaala E, Karppanen H, et al. Magnesium: An
update on physiological, clinical and analytical aspects. Clinica
Chimica Acta,2000,294(12) :1-26.

[ 5] Rude RK,Singer FR,Gruber HE. Skeletal and hormonal effects of
magnesium deficiency. Journal of the American College of
Nutrition ,2009,28(2) :131.

[ 6 ] Alexander RT,Hoenderop JG,Bindels RJ. Molecular determinants
of magnesium homeostasis : insights from human disease. Journal
of the American Society of Nephrology,2008,19(8) :1451.

[ 7] Rosanoff A,Weaver CM,Rude RK. Suboptimal magnesium status
in the United States : are the health consequences underestimated ?
Nutrition reviews,2012.

[ 8] Rude RK, Gruber HE. Magnesium deficiency and osteoporosis :
animal and human observations. The Journal of nutritional
biochemistry ,2004 ,15(12) :710 -716.

[ 9] Kanazawa I, Yamamoto M, Yamaguchi T, et al. A case of
magnesium deficiency associated with insufficient parathyroid
hormone action and severe osteoporosis. Endocrine journal ,2007,
54(6) :935.

[10] Khazdooz M, Jaraghijoop P, Ebrahimi Mamaghani M. Assesment
of serum magnesium level in postmenopausal women with
osteoporosis. Iranian Journal of Ageing,2010,4(14) :0-0.

[11] Odabasi E, Turan M, Aydin A, et al. Magnesium, zinc, copper,

manganese, and selenium levels in postmenopausal women with



1128

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

G RNES= AW A

2014 49 45 20 %545 9 ] Chin J Osteoporos, September 2014, Vol 20, No.9

osteoporosis. Can magnesium play a key role in osteoporosis?
Annals of the Academy of Medicine, Singapore, 2008 ,37 (7) :
564.

Rude R,Gruber H,Wei L,et al. Magnesium deficiency: effect on
bone and mineral metabolism in the mouse. Calcified tissue
international ,2003,72(1) :3241.

Rude RK, Gruber HE, Norton HJ, et al. Bone loss induced by
dietary magnesium reduction to 10% of the nutrient requirement
in rats is associated with increased release of substance P and
tumor necrosis factor-o. The Journal of nutrition,2004,134 (1) :
79-85.

Rude RK, Gruber HE, Norton HJ, et al. Dietary magnesium
reduction to 25% of nutrient requirement disrupts bone and
mineral metabolism in the rat. Bone,2005,37(2) :211219.
Rude R, Gruber H, Norton H, et al. Reduction of dietary
magnesium by only 50% in the rat disrupts bone and mineral
metabolism. Osteoporosis International ,2006,17(7) :1022-4032.
Leidi M, Dellera F ,Mariotti M, et al. High magnesium inhibits human
osteoblast differentiation in vitro. Magnes Res,2011,24.1-6.

Abed E, Martineau C, Moreau R. Role of melastatin transient
receptor potential 7 channels in the osteoblastic differentiation of
murine MC3T3 cells. Calcified tissue international ,2011,88(3) :
246-253.

Leidi M, Dellera F, Mariotti M, et al. Nitric oxide mediates low
magnesium inhibition of osteoblastike cell proliferation. The
Journal of nutritional biochemistry ,2011.

Wimalawansa SJ. Nitric oxide and bone. Annals of the New York
Academy of Sciences, 2010,1192(1) :391-403.

Bae YJ, Kim MH. Calcium and magnesium supplementation
improves serum OPG/RANKL in calcium-deficient ovariectomized
rats. Calcified tissue international ,2010,87(4) :365-372.

Rude RK,Wei L, James Norton H,et al. TNFa receptor knockout
in mice reduces adverse effects of magnesium deficiency on bone.
Growth Factors,2009,27(6) :370-376.

Ayd n H, Deyneli O, Yavuz D, et al. Short-term oral magnesium
supplementation suppresses bone turnover in postmenopausal
osteoporotic women. Biological trace element research,2010,133
(2):136443.

Toba Y, Kajita Y, Masuyama R, et al. Dietary magnesium
supplementation affects bone metabolism and dynamic strength of
bone in ovariectomized rats. The Journal of nutrition. 2000, 130
(2):216220.

Bae YJ, Bu SY, Kim JY, et al. Magnesium supplementation
through seaweed calcium extract rather than synthetic magnesium
oxide improves femur bone mineral density and strength in
ovariectomized rats. Biological trace element research,2011,144
(13):9924002.
Matsuzaki H, Fuchigami M, Miwa M. Dietary magnesium
supplementation suppresses bone resorption via inhibition of
parathyroid hormone secretion in rats fed a high phosphorus diet.
Magnes Res,2010,23(3) :126430.

Yang W,Zhang Y, Yang J, et al. Potential antiosteoporosis effect

[27]

[28]

[29]

[32]

[33]

[34]

[36]

[37]

[38]

of biodegradable magnesium implanted in STZ-induced diabetic
rats. Journal of Biomedical Materials Research Part A,2011 ;99
(3):386-394.

Staiger MP, Pietak AM, Huadmai J, et al. Magnesium and its
alloys as orthopedic biomaterials ; a review. Biomaterials,2006,27
(9) :17284734.

Li Z,Gu X,Lou S, et al. The development of binary Mg-Ca alloys
for use as biodegradable materials within bone. Biomaterials,
2008 ,29(10) :1329-4344.

Zhang S,Zhang X ,Zhao C et al. Research on an MgZn alloy as a
degradable biomaterial. Acta Biomaterialia, 2010, 6 (2) : 626-
640.

Yu Guoning, Pan Feng, Wen Jiuquan. In vitro co-culcure of mouse
osteoblasts combined with magnesium alloys. Orhtopedic Journal
of China,2008,16(14) :10914093.

Hong Yangsong, Yang Ke, Zhang Guangdao, et al. The Role of
Bone Induction of a Biodegradable Magnesium Alloy. Acta
Metallurgica Sinica,2008 ,44(009) :1035-4041.

Weng L, Webster Thomas J. Nanostructured magnesium has fewer
detrimental effects on osteoblast function. International journal of
nanomedicine 2013 ,8:1773.

Janning C, Willbold E, Vogt C, et al. Magnesium hydroxide
temporarily enhancing osteoblast activity and decreasing the
remodelling. Acta

in periimplant bone

Biomaterialia,2010,6(5) :18611868.

osteoclast number

Yun YH,Dong Z,Tan Z, et al. Development of an electrode cell

impedance method to measure osteoblast cell activity in

magnesium-conditioned media. Analytical

Chemistry ,2010,396(8) :3009-3015.

and  Bioanalytical

Zreiqat H, Howlett C, Zannettino A, et al. Mechanisms of
magnesium-stimulated adhesion of osteoblastic cells to commonly
used orthopaedic

research,2002,62(2) :175-184.

implants. Journal of biomedical materials

Lozano Rosa M, Pérez-Maceda Blanca T, Carboneras M, et al.
Response of MC3T3-E1 osteoblasts, 1929 fibroblasts, and J774
macrophages to fluoride surface-modified AZ31 magnesium alloy.
Journal of Biomedical Materials Research Part A ,2013.

Pietak A, Mahoney P, Dias GJ, et al. Bonedike matrix formation
on magnesium and magnesium alloys. Journal of Materials
Science ; Materials in Medicine ,2008,19(1) :407415.

Penner R, Fleig A. The Mg®>* and Mg®* -nucleotide—regulated
channel-kinase TRPM7. Transient Receptor Potential ( TRP)
Channels,2007,313-328.

Schmitz C, Perraud A-L, Johnson CO, et al.
Vertebrate Cellular Mg?* Homeostasis by TRPM7. Cell, 2003,
114(2) :191200.
Abed E, Moreau R.

Regulation of

Importance of melastatindike transient

receptor potential 7 and magnesium in the stimulation of
osteoblast proliferation and migration by platelet-derived growth
factor. American Journal of Physiology-Cell Physiology,2009,297

(2):C360-C368.
(FHEEES 1132 1)



1132

[6]

[7]

G RNES= AW A

2014 49 45 20 %545 9 ] Chin J Osteoporos, September 2014, Vol 20, No.9

supplementation and bone mineral density in menopausal women :
a 2-y multicenter clinical trial. Am J Clin Nutr. 2009,90(5) :
14334439.

Tang BM. , Eslick GD, Nowson C, et al. Use of calcium or
calcium in combination with vitamin D supplementation to prevent
fractures and bone los s in people aged 50 years and older; a
meta analysis. Lancet, 2007, 370(9588) : 657-666.

Zhang L, Xia X, Zhang M, et al. Integrated analysis of genomics
and proteomics reveals that CKIP- is a novel macrophage
migration regulator. Biochem Biophys Res Commun. 2013 ,436
(3):382327.

Nie J, Liu L, Xing G, et al. CKIP- acts as a colonic tumor

[10]

[11]

[12]

12234230.

Zhang G, Guo B, Wu H, et al. A delivery system targeting bone
formation surfaces to facilitate RNAi-based anabolic therapy. Nat
Med. 2012,18(2) :307-314.
Hu R, Liu W, Li H, et al. A Runx2/miR-3960/miR-2861
regulatory feedback loop during mouse osteoblast differentiation.
J Biol Chem. 2011,286(14) :12324239.

Yang L, Cheng P, Chen C, et al. miR-93/Sp7 function loop
mediates osteoblast mineralization. J Bone Miner Res. 2012 ,27
(7) :15984606.

Li H, Xie H, Liu W, et al. A novel microRNA targeting HDAC5

regulates osteoblast differentiation in mice and contributes to

suppressor by repressing oncogenic Smurfl synthesis and primary osteoporosis in humans. J Clin Invest. 2009,119(12) :
promoting Smurfl autodegradation.  Oncogene. 2013, doi: 3666-3677.
10. 1038/ 0nc. 2013. 340. ( Epub) [14] Chen C, Cheng P, Xie H, et al MiR-503 regulates

[9] XiS, TieY, LuK, etal. N-terminal PH domain and C-terminal osteoclastogenesis via targeting RANK. J Bone Miner Res. 2014,
auto-inhibitory region of CKIP- coordinate to determine its 29(2) :338-347.
nucleus-plasma membrane shuttling. FEBS Lett. 2010,584(6) . (ke H . 2014-0247)

(55 1128 1i0)

[41] Abed E, Moreau R. Importance of melastatindike transient Archives of biochemistry and biophysics,2007,458(1) :1623.
receptor potential 7 and cations ( magnesium,calcium) in human [45] Jeon SH, Lee MY, Kim SJ, et al. Taurine increases cell
osteoblast-dike cell proliferation. Cell proliferation,2007,40(6) : proliferation and generates an increase in [ Mg?* ]i accompanied
849-865. by ERK 1/2 activation in human osteoblast cells. FEBS letters,

[42] Li FY, Chaigne-Delalande B, Kanellopoulou C, et al. Second 2007,581(30) :5929-5934.
messenger role for Mg?* revealed by human T-cell [46] Dorovkov MV, Ryazanov AG. Phosphorylation of annexin I by
immunodeficiency. Nature ,2011,475(7357) :471476. TRPM7 channel-kinase. Journal of Biological Chemistry, 2004,

[43] G iinther T. Concentration, compartmentation and metabolic 279 (49) :50643-50646.
function of intracellular free Mg?* . Magnes Res,2006,19(4): [47] Clark K, Langeslag M, Van Leeuwen B, et al. TRPM7, a novel
225236. regulator of actomyosin contractility and cell adhesion. The EMBO

[44] Rubin H. The logic of the membrane, magnesium, mitosis journal ,2006,25(2) :290-301.

(MMM ) model for the regulation of animal cell proliferation.

(MR B 2014243)



B 5 E R

[ FRSE

WANFANG DATA L #LaEdE

1E#: WRei, MfE#, MEUL, CHEN Xiaoyu, YANG Weili, YANG Jianhong
YR PAL: o E R 22 A ARl R 2B, JERE, 100049

s o i i e 1STIC

T 44 Chinese Journal of Osteoporosis

£, B 2014 (9)

ACHEHE: http://d. g. wanfangdata. com. cn/Periodical zggzsszz201409021. aspx



http://d.g.wanfangdata.com.cn/Periodical_zggzsszz201409021.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%99%93%e9%9b%a8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e4%bc%9f%e8%8e%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%bb%ba%e8%99%b9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Xiaoyu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Weili%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Jianhong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e5%9b%bd%e7%a7%91%e5%ad%a6%e9%99%a2%e5%a4%a7%e5%ad%a6%e7%94%9f%e5%91%bd%e7%a7%91%e5%ad%a6%e5%ad%a6%e9%99%a2%2c%e5%8c%97%e4%ba%ac%2c100049%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-zggzsszz.aspx
http://c.g.wanfangdata.com.cn/periodical-zggzsszz.aspx
http://d.g.wanfangdata.com.cn/Periodical_zggzsszz201409021.aspx

