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Application and Molecular Mechanism of Polysaccharide from Natural

Product in Osteoporosis

CHEN Yixuan, WANG Zhengsen™

(The Engineering Technological Center of Fungus Active Substances of Fujian Province,
Minnan Normal University, Zhangzhou 363000, China)

Abstract Osteoporosis is a disease of bone characterized by a reduction in bone mass and disruption of
bone tissue microarchitecture, ultimately leading to bone fragility and increased fracture risk. Osteoporosis serious-
ly affects the life cycle and quality of life of human beings, and causes a huge economic burden to the society. Cur-
rent drugs for anti-osteoporosis are mainly synthetic drugs, which are indeed effective in preventing bone loss but
with adverse side effects. It has been reported that certain polysaccharides can promote the formation of osteoblasts
and inhibit the activity of osteoclasts, thereby affecting the process of bone remodeling. Since polysaccharides from
natural products show fewer side effects and are more suitable for long-term use, they are favored by the public. We
performed a comprehensive review of the literature to consolidate studies about polysaccharides improving bone
health in recent years. /n vivo and in vitro experiments have demonstrated that polysaccharides mainly protect bone

health by regulating the activities of osteoblasts and osteoclasts. Moreover, multiple signaling pathways such as
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Whnt/B-catenin signaling pathway, BMP/Smad signaling pathway and OPG/RANKL/RANK signaling pathway, are

involved in improving bone homeostasis. This review summarizes the latest research about the anti-osteoporosis

effect and molecular mechanism of polysaccharides, aiming to provide theoretical basis and direction for searching

safer and more effective anti-osteoporosis drugs.
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Table 1 Introduction of common drugs for anti-osteoporosis
AR ES LA AR 225301k
Name of drug Category Mechanism Side effect Reference
Bisphosphonates Pyrophosphate analogues Inhibit osteoclast activity and ~ Osteonecrosis of the jaw, severe mus-  [6]
with a nitrogen-containing increase osteoblast activity culoskeletal pain, and atrial fibrilla-
component tion and esophageal cancer
SERMs (selective estro- Nonste-roidal agents Have positive effects on BMD  Stroke, venous thromboembolic [7]
gen receptor modulators) (bone mineral density) and disease
reduction of fracture risk
Calcitonin Endogenous polypeptide Decrease osteoclast formation  Increase the risk of tumors, continu- [8]
hormone and suppress osteoclast attach-  ous use for no more than 3 months
ment
Strontium ranelate Ranelic acid and two atoms ~ Increase bone formation and Not suitable for patients with isch- [9]
of stable nonradioactive inhibited the bone resorption emic heart disease, peripheral vas-
strontium activity of osteoclasts cular disease and/or cerebrovascular
disease
Teriparatide (TPTD) 1-34 amino acid peptide, a  Stimulate bone formation and ~ Continuous administration can lead [10]
human PTH analog resorption, depending on the to deleterious consequences for the
mode and dose of administra-  skeleton
tion
Denosumab Human monoclonal anti- Inhibit osteoclast activity and ~ Not suitable for patients with hypo- [11]
body decreasing bone resorption calcemia
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Table 2 Effects of polysaccharide on bone remodeling

EZ 1 FILA EEPEN

Polysaccharide Mechanism References

Curculigo orchioides polysaccharide Evaluate ALP activity and enhance the differentiation and mineralization of [14-15]
MC3T3-E1 cells

Polygonatum sibiricum polysaccharide Promote osteoblastic differentiation and suppresses osteoclastogenesis [16-17]

Achyranthes bidentata polysaccharide Exhibit favorable effects on the proliferation and differentiation of osteoblasts [18-19]

Morinda officinalis Promote the proliferation, differentiation, and mineralization of MC3T3-E1 cells [20-23]

polysaccharide Reduce deterioration of trabecular microarchitecture and lower levels of bone turn-
over markers in ovariectomized rats

Cibotium barometz polysaccharide Promote the differentiation and mineralization of MC3T3-El cells [24]

Astragalus polysaccharide Activate BMP-2/Smads signaling pathway to protect the bone mineral density and [25]
bone mass in ovariectomized rats

Angelica sinensis polysaccharide Increase the number of trabeculae and promoted the repair of bone injury in type 2 [26]
diabetic rats

Cistanche deserticola polysaccharide Remarkably ameliorated bone histopathological damage and promoted the forma- [27]
tion of new bone in SAMP6 mice

Gastrodia elata polysaccharide Increase BMD in the OVX model and inhibit osteoclastic differentiation in the [28]
early stage

Agrimonia pilosa Enhance ALP activity, promoted proliferation and differentiation of OB, and in- [29]

polysaccharide creased OB differentiation marker proteins BMP2, Runx2, Osterix, and Osteocalcin

Lycium barbarum polysaccharide Significantly increased BMD in OVX rats and glucocorticoid-induced osteoporosis [30]
rats

Saposhnikovia divaricate polysaccharide Increase BMD and serum Ca*’, Mg”', and P> levels in the OVX model [31-32]

Dendrobium officinale polysaccharide Prevent the degradation of trabecular microstructural and improved BS/TV, Tb. N, [33]
and the reduction in Tb.Sp age-induced osteoporosis model

Epimedium polysaccharid Stimulate and improve the proliferation and differentiation of OB cells induced by [34]
dexamethasone

Safflower polysaccharide Enhance the proliferation of primary OB and mineralization [35]

Hedysari polysaccharide Improve the proliferation of OB and enhance ALP activity in a dose-dependent [30]
manner

Dioscoreae polysaccharide Inhibit bone degeneration, increase BMD and BMC levels in ovariectomized rats [36]

Tamarind polysaccharide Chemical modification for adhesion and growth of osteoclast-precursor, induce bone  [37]
cell differentiation

Saccharomyces cerevisiae B-glucan Prevent alveolar bone loss in streptozotocin-induced diabetes model with periodon- ~ [38-40]
titis/ ligature-induced periodontitis

Aureobasidium pullulans B-glucan Attenuate alveolar bone loss, osteoclast numbers, and concentrations of inflamma- [41-43]
tory cytokines

Curdlan Suppress nfatcl activation/ RANKL expression on osteoblasts [44-47]

Poria cocos polysaccharides Impair RANKL-induced OC formation in RAW264.7 and BMMS cells and attenu- [48]
ated resorption activity

Coriolus versicolor polysaccharide Mitigate DM-induced bone deterioration by increasing the bone volume of the [49]
proximal tibia, trabecular number

Lichenan Obvious inhibitory effect on osteoclast differentiation from bone marrow cells [50]

Fucoidan Induce proliferation of bone cells and osteoblastic differentiation by promoting the [51-54]
expression of ALP, collagen type 1, osteocalcin and BMP-2

Alginate Chemical modification with adhesion ligands and release of tissue induction factors ~ [55-58]
such as BMP, Tra TGF-

Polysaccharide from Sargassum horneri Promote OB formation and inhibit bone resorption [59-60]

Chitin Widely used for bone tissue engineering [61]

Chitosan Widely used for bone tissue engineering [61]

Carrageenan Widely used for bone tissue engineering, enhance protein expressions of RUNX2, [62]
COL, and OPN

Laminarin Obvious inhibitory effect on osteoclast differentiation from bone marrow cells [50]
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TN RE 88 12 3 R BN I SR U 114 1) 7 Jo2 240 L Ry
AL, #EEH RUNX2. COLFI OPNZ i E #H <5 A
[RIZIL ) WA EE (Laminaria sp.) &L AT 2 B
(Laminarin), [F)FEAEIE BT AT $0 A0 40 B 2040 1)
AR

4 ZHEATTBERER S FHLHIER
R RA 2R R i E R Sk A S
(1o BRAE N HBEA KRR 104F eIk, 1IX A
AR E . B R RSO T B
PIJT T, E R AR AN B A 2 S . AR
SR RE A, B B R T O 2 B A B ORI i i
T2 B R R AR A, RS, ORE T TR] T8 i A
P S A AN O 7 A PRI i P AR o B
20 . 14 73 P RS 0 S A AR L A B AL 1, BRI R

EEVE IR T (macrophage colony stimulating factor,
M-CSF)AI#% [A -7 xB(nuclear factor kappa-B, NF-«kB)
(132 AR 0% 77 RANKL 4% . RANKLZ H %2 & OPG
BT, OPG )23 Wik it i 40 RO JE 1o DRI
RANKL/OPGI& i A2 B By 41 B 38 58 A A 1) 32 5
T, RANKL/OPGTH /2 1R & & Al 5 5o B4
e PR I = i1 o= A= ST i a1 e O
MK, IL A B0, SEFE I X e Bl R IR
(1% TE) 70 J53 T2 B 1) s i F e T B B A A &
REEL . A5 CE AL T e 2k 1 B R R A i 2
ANE MR A e, B RO T e, W2 B
AR E R BB K AR,

WEFT AR H, 2200 2 S e R T R A AR R
AR IS, dERE Y BOR B RS P4, AT 2
MO E BB ROIRILEIER « ASCRg: T 2R E
AR R A A SRR AR 215 5, &
FALHE Wnt/B-catenninfs 5 i . BMP/Smadsfs 5
i# 2% 1 OPG/RANKL/RANKAE 5 Jl % LA Je HoAh A5 5
T
4.1 Wnt/p-catenin{s 5@ &

Wnt/B-cateninfs 5 i i CU % IE S 7E BMSCHI H
WEHH 4, BB RTAARYE MR IGAE , B 40 IR i
AT R Py R A . 4 Wntil BE B BOE I
Wnt# 5 524K Frizzled & LRP5/645 5 R &1k, (i
BERE 5 BB (Gsk3B)BEER 1L , BHIBT B-cateninfif
FRAY, PR AR . SR AR AE 20 M 5T T 1) B-cateninfi
JERCE NG AZ T, RIS DhRE, T AH G
BREDR . O SCEARIE, 75 B0 E 20 R S 1 B
LRP5/63: K2 3 H =W T, B-catenind 11
Gl 2R T SR TR GE B AR IR A Ak, /N BRI 2
Ky FALCE R ERR ., DKK-1(Dickkopf-1)2&
Wntf5 5 3@ B R 75, DKK- 1R FR /N SRR & &
LY/

SRR R, ELEOR 2 BEE T R R A
DKK- 185 F I3k, $2& i A A s G hE 2, 808
ALPIIETE® . SRS 22 08 0 AT 38 75 5 BMSCH
B-catenin® 1761 , #% Wnt/B-cateninfs 5 i# # , {3k
BMSCsHIH R 74, (5 $01 A 2 B AR SR B I e,
TR TR AE ST B BUBAASE (1) B B 11759, 3
ZBE TGS BMSCHY 1 PI3K/AK TAI Wnt/B-cateniniff
P4 55 5 59, 18 Id 17T FoxO3a/Wnt/B-cateninf5 5
0 B R 7 i R T AL BT B B R B AA BT IR
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W2 HEPUE TR AAE FH 1 73 7L AT B85 30E Wt/
B-cateninf® 51 EE A K P, AT 22 I8 T B0E Wnt
=5 E A < B 1 B-cateninfl Wnt10b) ik, fiE 3k
BMSC/H A BB A0, H3E a1 g ™, Lg%
Z WEAIE B AT DLE i B0E MC3T3-E140 B H 1) Wt/
B-cateninfs 5B, 4" MC3T3-E 141 /i 5 52 th FE K F
7RG, A B BONTRTT R R T 11
SRR IR SR B 2 AR 2
4.2 BMP/Smads{=S i@

B IEA KA H X (bone morphogenetic pro-
teins, BMPs)/2 4t B K & M EZ WA+, He, ¥
Z FKIEMAEMSCs e B B EEEA .
£ BMP/Smadsf{5 5 1@ #% ', BMPHECAR S T4 52 14
BMPRII, i H Rk, B E2 46 ¥ BMPRITZE 2L B0
4152 /& BMPRI, & 44 /) BMPRIZE M F-A5 T v (1)
Smad1/5/8M5 IRk, B 244 MU SME 5 A% 8 B A X Y,
N 8 L 42 1 90,

R, 4B PR EUTIHT AL £ i CBP70-
1-26B 9542 i BMP2 Rk FlEL G 1 ; BMP23RIA
(e, %S NI Smad 1 BEBRIL (014 0, 32—
PR PRI L R Runx2(F3RIE , (R E B TR R, 7R3
W2 BT TR 2RO KRN, BMP2EARIL &
P, E AR E W ALP. OPGAI BGPIF 14 18
5, R AAE 23 BN SR B BRI IR 1S B 2 A OV, B
T Z M A] el 0E BMP2/smadsAH <38 4%, 1895 2
GRS KRR A BRI ThRE, o5 B B g AR 2 R
JBR 22 ¥ 38 3 BHL I BMP2/Smad/Id 115 5 38 4 k¢ 4101 1]
RANKL % S5 10 /N B 40 i 7Y SR 31
A E L2 B T 0% Wnt/B-catenini® B 4h, 17
B 0E BMP2AR [, AT 3 A1 41 A 1) 34 G AN 43
e 9 2 S A TR D) A2 3 i TN AT ER KA 8 128 )
BMP2-Smad 1/5/815 5 18 B4 13t e i 4 fi 1 4k 92
[FIRE, I8 1 6 2l o ) BMP )Rk, AT 75
SH I BT,

4.3 OPG/RANKL/RANK{EE@HK

SESUE IER=S il o Ey A= iRt
1 ANTE , OPG/RANKL/RANKZ V5 55 40 i 431k
FEF RSP OGBS JE B « RANKL 2 TNF#E K ik
RO, BE S N SR TH Y RANKSZ AR 45 4, FR 55
TNFRAH G, Ja3 3 Fi#E 5, 4 p38. INKAH
ERK, M0 i i A s S 8 7, WONF-«xB. 0%
[ 1(activating protein-1, AP-1). FREEER AR F < 8L

Juf45 4 5 [ (cAMP-response element binding pro-
tein, CREB). NFATc1 )31k, OPG/2TNF3Z/K KK
BB, B85 RANKLFE F 32K S5 G A i, AT 1)k
A A

VI 2 M) 2 Bl A RERE % B 40 i i 204
e BE TR, (RIS R E T 19 RA 1 2 PR PR s 2, ) R
W 5T, SRR 22 0 AN KRR 22 W 0 e % a4
RANKL% 3] RAW246. 7T 241 i FE F s 57 1 5 [
TARP. NFATcl. MMP-9F1 CTSK(¥3ik , Wi
TR A 23 A U771 A g 22 T el i 2 = OPGAN
RANKZH H #i5 &, i RANKLZEIE , M A% 2
G SRR R L 37 o RSP B 40 TPACPSb. NTX
FCTX A, T 25 51 SRR 0 B35 0, i
G, A2 WEIE IR S AT 4 RANK L 3 1 MAPK
BETR A O, BB 20 W N IH 22 5 U el 41 v 25 B0 B
BRSPS OPGHI /K-, [R]IN FEIRRANKL 3%
K&, 3 S B RANKL/OPGAE FEAI%, AT i
AP ATETE T, AR 2 4 RE W 401 RANKL 75
T B E A S R SRR B R 4 L (bone marrow-
derived macrophage, BMM)#] 43 {£ P,

SEYIAIE I 2 HEAN R, SR PR 1) 22 4 0
2 S e A AR R 2 ) 9 R R Y i A B
Olo SEUGUERT, BRI EEBF B- RHE T 41 ] NF-xB
&%, T c-fostr F I RIL K, BLACRI TR & 40
J A B A7 U S R [T 4 2 R 15 R -8 (interferon
regulatory factor-8, IRF-8)[5RIA &, 1A RN H| i &
7340 R B9 R R B B- 1 SR 1 K R
ML o T R R B B SO P ) B s AR K
“F-B1(transforming growth factor-B1, TGF-B1)FIHTHE &
R A R T A 2 -10(interleukin-10, TL-10)f)7KF
BEREW. PE L ER & dectin-1TEVE IS, mE
PE[#) dectin-1RERE 32 5 1 25 -33(interleukin-33, 1L-33)
(1730 o TL-334% ey B 4 D I 4% - NFATC 1 8 417 71
V-maffl]L PRI 5 21 2498 [ 5 22 Xl B(musculoaponeurotic
fibrosarcoma oncogene homolog B, MafB)H] 1A /K,
T T 0 #1840 B T 45 2040 0 st ) RO 4 i 47
145 T2 A 4EZ (MW 3 000 kDa) Il & if 5 55 —Fif
24K TLR2/TLROZE & S0 B £ B 3. TLRs/2 Toll
FESZ 4K (Toll-like receptors), TLR2E 5 4% 5 1] 75 S H¥
A BRI RN SO P B R e AR B T A R AT
A R AN TLR2/6BC AR 75 5 B E 40 M %, FFIR0S
5 E B IR S b BUR B AR R AR T



510

AT RANKLIFRIA, 5800 B s B4
I e i 4 A ) T ek 5
44 HipESHBE

BRUA_EFR B = A R EME @I, EF —
e SImg 2 53 7 20U B g ik A AL
P FE . filhn, %5 208 PI3K/Akt/mTOR
15 5 100 B B 1K b ZE K A 15 3 1 B0 4 i Bax A
caspase-3 1K IE K, MATTIE 2 F00 1) 5w 40 B 0 -
(1) B BB 2R O SCEN N, TS 2 ] R
T WIEVEAE S S /N 77 T RNA-1224(miR-1224)
(1) Hippof& 5 18 2 #1240 PR A 1Y 5 RS 2 0
LN NFATC 136 P4 DL & ERK AT STAT3 R 1L, , Tk
55 RNAKL S-S [R5 B 40 M A= i /g, DL 30 ) Al
A I RS S S TR SR L R T Akt
GSK3PB/PTEN/NFATc 115 "5 18 1% 11405 18 3 i g 37 12k
R FH 1 RANKL IR v 20 i A= A LPS 5 3 1)
3 N 117 N

5 EfSRE

bE A TSN 2 R AR IR, & BB AL |
BB R S BRI TR TA P E R A 2 i R i)
W T H R T A2 2 hE, HPUE BB e T
ROEZB P kAR . DL EARZ LR, 203 2a
T SR A B ) 2 A AR 2 3R S B 4 3
) B W WS T, 3R TR BVR T AR S B R B A
SE 2 HE MR R RA E RO R MRS SR
B BB IESE I B . 208 0GE & B EOIRS )
HL 1) 8 2% 3 AL 45 Wnt/B-catennin{s 5 il . BMP/
Smads{ 5 il % F1OPG/RANKL/RANK/E 5 i % 25
ASCK BRI B RIT B AR, TR A
fBCRES A2 ZHEEAT T RBE S, B e
SRAJE T 5 e 1tb P A 22 0 ) 0 o AR AR TR i i
S S B AR, 2 B Im R 50 A B SR 4k 78
SE IR AR .

AR, 2 U IR S 9T 52 5 # C 22 B 1 IE
W] 1 2 B RE e A ACE B B L. AR, BT
Z R S5 K 5228 208, AN TR R (1) 22 45 7 AN A
A, Ha 2R B R, #hm S EO DR R 2 R, X
XPUR N T 22 W A2 A ] 1 75 151 40 B R AR 1 2 PR )
T, DGR B BRI 73 T ALHE i 1 1 A
Rltk, FE4 Ja WRIR =R T & 2 BB R R vh, B &5
GG SRS A DA S

W) 2 AL SR a0 M, 20 WA 22 N ZE e
SR LRI G 2R, HE T ) B 20 0 16 B 4 AT Al
B 2B AR AL RO R A 5 S B

LR ERTIR, KRR 2 BEAE B RO AL RE A R A
BRI AL B A6, H TR AT & P i ix 28
W, ACH BT 288 W R IR 2 D Re 1 £ dh i)
FeAZ, WORTF R RIRTC T B F I8 BB R AE 25
P A I S BB AR, XF A S5 B R A8 B VA
TR EEE
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