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Nacre, a Potential Natural Biomaterial for
Bone Regeneration
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Abstract: Bone loss due to osteoporosis, bone fracture, bone tumor and trauma affects hundreds of millions of people all
over the world. Materials for the purpose of repairing bone defects have received extensive attention from many researchers
at home and abroad in recent years. Nacre, which forms the inner layer of many mollusk shells, is also a composite of in-
organic minerals and organic matrix similar to the structure of bone. Although nacre and bone are not homologous, parts of
the complex machinery that directs their formation might be. Plenty of evidences of experiments about nacre both in vivo
and in vitro in recent years are reviewed in this paper. The results present that nacre with its biocompatibility and osteo-
genic property might be a potential natural biomaterial for bone regeneration. The osteogenic property of nacre might proba-
bly be profited from some unknown signaling molecules within the organic matrix of nacre. Future perspectives and chal-
lenges for nacre to be applied as a natural biomaterial for bone regeneration are also proposed finally.
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Table 1 In vitro experiments on nacre
Cell type Performance form Key Results Reference
Human osteoblasts Nacre Induced different types of mineralization [12]
MRC-5 fibroblasts WSM Increased ALP activity [13]
Bone marrow cells of rats WSM Increased ALP activity [14]
MC3T3-El cells WSM Induced mineralization [15]

MCR-5 fibroblasts SE,;-SE; of WSM

MC3T3-El cells ESM <8000

Pinctada fucata mantle

MC3T3-E1 cells .
gene 3 protein( PFMG3)

Pinctada fucata mantle

MC3T3-E1 cells .
gene 5 protein( PFMGS5)

Pre-steoblasts from mice WSM
Osteoclasts of mice Nacre
Osteoclasts of mice WSM

SE, increased ALP activity

. . [16]
SE, decreased ALP activity

Induced mineralization
Increased the expression of Runx2, OPN [17]
Accelerated the expression of collagen I
Increased ALP activity and cell viability
Increased the expression of OCN, OPN [18]
Induced mineralization
Decreased ALP activity
Decreased the expression of OCN, [19]
OPN, Runx2 and BMP-2

Increased ALP activity
Increased the expression of Runx2, Fra-1 [20]

Induced mineralization
Suppressed osteoclast function [21]

Suppressed osteoclast function
PP 120]

Inhibited osteoclast maturation

Note: WSM represents for water-soluble organic substrate from nacreous layer
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Fig. 1 Cells cultured in osteogenic or normal medium were assayed for
ALP activity. WSNEF represents for water-soluble nacreous
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Fig. 2 Differentiation markers for MSCs, pre-osteoblasts, osteoblasts, and osteocytes during MSC differentiation to osteo-

blasts and osteocytes!2*]
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Fig. 3 Effect of PFMG3 on MC3T3-El cell in vitro mineralization. The
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in vitro mineralization was detected by Alizarin Red staining
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Fig.4 (a) SEM morphology of the particles deposited on the surface of pearl plate after SBF soaking for a week. (b) TEM micrograph showing

the microstructure of the deposited particles, inset of (b) is the corresponding SADP revealing the deposited particles are HA crystals. (c)

EDS analysis of the deposited particles indicating calcium surplus in HA crystals. (d) Lattice image of the HA particle showing incomplete

crystallization of HA with so many dislocations (arrowheads) and shuttle-like amorphous areas ( white dashed areas) (31



55 10 1]

wT R BRZ, —FEABINRR B

595

2.4 IS4 RaE R

BIREA AT A ZRE S T, NMUGeE 12
AR A R oAk, TR A R A% 0 o] 10 -1 40 e ) A o
B AENER RS S Ed, BEEN —NE LIH
SO B A SRR LU LA E
AR B AN A7 A AL Y BR PR PR BT A, T A ML S5 DU g
e B 240 B 3 0 1) B I 4 B AR I RN ZH 8V B K, B, L
JITREf# . Duplat 28 A 38 7 WSM R 4% 41 il 41 2128 (1 il
K 35, - H 4 F 84 500 ~ 1 000 Da 38 [l /4 (4 /M 4>
THFHLVE B K S PR E R Y ke
BRZA HUEL T o T 20 28R g KRR (5 5 B
Tl BEAFAE T4 F 14 500 ~ 1 000 Da )43+ Duplat
SN M 2R TR ERR R, &I 41X T
BERZ M EWRIRCE IR THM B R0R, I HB2RZRY
MBS A TR, XA R SRR LR
/N TGS B A e, Kim W aE— 2B ESE T WSM
A% 38 2 P L AL A R 1 e B 20 e o T 2 2
=

3 XTEBRERMMEALRE

PR B MRS 20 45 SAIESE T Lopez HE I 14 1E A
P, HA L 0 ST S T A R AR
W W, ENSMETTAEENSCTEERZ MY
BV S RE R EITR TR RN SIS Hoh, Y
BRI R A BARNIE, LA TR R AR
BB BRSE AR R R Z AT R0 A AR A
WA RSB BREEN, I HBHRIZEA T RE A BT
AR IE(K2) .

Altan N2 IRE KRS A R MBI TR &P A
NA LR BH W BT SRR, RS 6 A H BiE R as
RERMBRZ OB SH AN B4 S, JFHE
A it AR B ok R LA RO . B R AT TR A
T, AREREZIRZEN S AR eR S Yl 51y
IE E ARAE A G B, A OB BRZE RS A R I
BRI I BT AR AE (K S) , SEaR g Ry
UESE TR 2 RE S R 0 A 1 LU Y R g

R2 XTBHRENIIYIE

Table 2 In vivo experiments on nacre
Animal model Method Key Results Reference
. . idence of infl ati i
Human Injected to contact with the alveolar bone No eVldG‘l.K‘E‘ o ammanon'reactlon [40]
Stimulated osteogenesis
. No inflammation
Sheep Im-pldnted " the. cancellous bone Stimulated osteogenesis [43]
in the epiphysis of the femur . .
Ossenintegration
Rabbit Arthrodesis of the transverse processes No 1nﬂam¥nat10n . [42]
Induced of spinal fusion
Iniected percutan Iy int No evidence of inflammation reaction
Sheep Jected percutaneousty o Stimulated of hone-forming cells [41]
the vertebrae of sheep . .
Resulted in new bone formation
Sheep Implanted into sheep femurs Limited biodegradability [45]
Human Taken orally Increased bone mineral density to some extent [53]
Rat Taken orally Anti-osteoporosis [20]
Sheep Implanted in sheep trochlea Stimulated of osteochondral repair [46]

»
»

K5 (a) IENHTEIRIRZ B () SRR M X LR MR, B/ Ox) GRIRME =x25) 5 (b) iz 1] 6 45 & K37 893/
B (o) o efih X SHR WU A, B EE(BMU) R (—) (xR 2s)

Fig. 5

(a) contact microradiograph showing newly formed lamellar bone ( ¥ ) and nacre inside the cavity. Trabecular bone ( % ) ( Magnification

x25). (b) contact microradiograph showing well-anastomosed trabeculae ( % ) adjacent to the cavity spaces, bone remodeling (BMU) is

also present (—) ( Magnification x 25 ) [4!]
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