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Abstract: Objective: To study the alleviating effect of oyster shell powder on glucocorticoid induced osteoporosis in mice.
Methods: Female ICR mice were randomly divided into four groups, including control, model, calcium carbonate and
oyster shell powder groups. Intramuscular injection of 1 mg/kg/d dexamethasone was used to induce osteoporosis in mice
and the femoral microstructure, blood calcium, fecal calcium, bone calcium, bone turnover markers and gut bacteria

changes were analyzed. Results: Oyster shell powder treatments improved bone microstructure which was characterized by
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significantly increased bone mineral density and trabecular thickness(P<0.05) and reduced trabecular bone separation and

structural model index. The calcium content in blood was also reduced after oyster shell powder treatments(P<0.001).

Opyster shells powder significantly increased the enzyme activity of serum alkaline phosphatase(P<0.001) and reduced the

enzyme activity tartrate-resistant acid phosphatase(P<0.01). The gene transcription of the bone formation marker alkaline

phosphatase and osteoprotegerin were significantly increased(P<0.05), while the gene transcription of the bone resorption

markers tartrate-resistant acid phosphatase and sclerostin were decreased(P<0.05). Oyster shell powder modulated the

structure of gut microbiota with increased abundance of Lactobacillus johnsonii and Eubacterium coprostanoligenes. In

addition, Lactobacillus acidophilus, Lactobacillus caviae, Lactobacillus reuteri and Bacteroides acidifaciens were

negatively correlated with bone formation indexes, while positively correlated with bone resorption indexes. Conclusion:

Opyster shell powder inhibited bone mineral loss, increased bone mineral density and trabecular thickness, promoted bone

formation indicators and inhibited bone resorption indicators, modulated the gut microbiota and thus effectively alleviated

osteoporosis.

Key words: oyster shell powder; glucocorticoid; osteoporosis; bone trabecular microstructure; gut microbiota

W R7 Jo i 22 B TR B (glucocorticoid induced
osteoporosis, GIOP) J& T4k & M- B R ALs, &—F
PR B A MIEE N B T B . LUE SR IR BT
JRUSSE PE G 0 SR R AE AT PR B T . M ZER AN S —
FGRASCE O B TR, B R i 2 R B 2 R A
FETE ALER, [RIEH 8 In-B R SR B Al i 75y, Fe
IO R TR B TUERAAE I R AP ISR
Pl DR R TR M B BT BRASRE R I B L, 75
FIRNFE R IES I, LIRS BB A ™ XUR iR EE
J Oz T 8536 T B BB AASE, AN BRI Ak
P W] B 25561 B BB Ak s s e, 3 N 2is i o,
IR BT A RS, B8 74 B I ANTERE AT A0E IR
FEAERIVERCO, R, F5 2 4T N4 = p 455k
VEIT B BUBRAAAE o

G R ARSI ] XEEAN | s L G
Bl ARk, S At 100 28, IR ENIEA
20 ZF, ARz, AP E U R DI —, A
2 E A VTR | KA WE AN VS R
FHlE A A ES I, SARERAN B S R T i AR
L, 2 RAF I RAR AW E5 IR, 3l A s ek 2 B
TFARARZS B 28508 5 ) A W 805 B 25 2 4 N AR Iz
FIH, [EIE i b 2R on 23R R AR RE /R ok
PEBEES LT, (&b, FHGEEE X T esdaa i AR LA
MHIVERNY, AUF5E R, DInGsE S IRk A5 1Y
L-RA&RMRE A5 0] LUAE T I ME OPG & il
TVE RANKL & 503k i 2845w A= ) 12~ HERE A B8R
Jou i, YA BRI, M B ES e, FR R R
FNPE PR 32 A TR AR5 ) i L R G40, B TR Ao el
SR, GRSk 22 1T 3R W g T8 TR A A
FEY AT IE AT RS A PR Gy N . S SR
FACU R AR A B B S RS i B Gt
(EJZ, HEWGFER S bl B TR e i B 1 A b
RS FEEBAME, FAE FH s HRE

AT LG WE SRy M TEXT 542, LAHLSE KA
RPN TR I M B RGN/ N B sl A, DB
TOWREEHF . E5AC . BB B RO M A PR Y A
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ZfER
1 MR5REE
1.1 #HHRI5EE

SCEG ARSI H B A R A
At SEESHMEE/NEL W B WA SEse s e, &
FEUES : SCXK (#7)2014-0001 (4 *5: 1704050008 ) ;
WL T T ORI B s S | B
WERR N (ALP) FPTI A1 IR BEIR I (TRACP) Pl 2
A& T et AR ) TR 5E T TransZol
Up Plus RNA 7 £(ER501)Fll TransScript®All-in-
One First-Strand cDNA Synthesis SuperMix for gPCR
W& (AT341)  Jbat XS AEMHEARARRA A H
flafbiGr] Yo artirat, W A = 258 R 2#aGRA
BRAH] o

PM-100 HHIEREENL 7% Retsch GmbH 23 Fl;
Microtrac S3500 Bk B4 fAIX 32 E Microtrac
2% Fl 5 Elan5000 HL @GR 5 45 2 AR B SEIE
Perkin-ElmerSciex 2\ & ; eXplore Locus i1 HLKT
JEFH5IX  3&E GE Healthcare 23 #]
1.2 L7k
1.2.1  4hmnsess il 45 ZORAR A i xE 4t
FBRFT MM E VRS2 S, FH S 3 300 °C
JBEBE 8 h, Y& M1 5 FH TR EE LI s il 4 UKL, 28
100 H A~ 854X i P 3 377 3R 4541 05 52 Ky (oyster shell
powder, OSP), Hki4£43 413 (particle size distribution)
PRIV S WS il sa v TRl Ve Ws RHIINE 7 BN e A B
AN AE , ~FPRA R A RAR (D50) R o
1.2.2 WBCRIE B 0.5 g HEWnsety i A g
TN E T, IIA 5 mL HNO5(65%), ¥
TH RSB T M A, TR 5 h LR Jetas W,
HRLKCERTHE FESL 2 25 mL, 2RJ5, A HLER
G S5 B AR BT REAS E o
1.2.3 Shscss: o 20 HOICR #EPE/N FL(22.81+
1.53 @) FENLAT I 4 AL, S5 52 %) HRZH | B
ZH | BRPRESLH AN WETERYH o BRXT R/ INERIULIA 1
BrA= 3R K, Hogvdl /A HALREST (1 mg/kg/d)
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HuZEKAN, B 2 d —WR. [RIA, XoF AR ZH FASE I 2H v i
sINERRE B AR BRER K AR P HEZE R AR Y, R TRES
ZH RN 5 56 A5y 20 22 32 AH [R50 1/ i £S5 K 7, o 227.5
mg/kg/d. B IIRAEIER (25 °C) FhbE T L4837
10 Ji, 12 h JGHE/12 h JRESIEES, I /NEER AT LA
FH AR E RV /K o FESCIR LGS AT, W Ho/ s
BRI ZEELRAFFE—80 °C T 16S rRNA FE[F ¥ .
S L 45 WS, IRAEHL, 4 °C, 3000 r/min .0
15 min A& I35

1.2.4 HZHZ CT 4 FIHBOHEALWIZ 31X,
X/INEAEAT B . B 4 E S DL R B TS
b B R PPAL B RN SE A A8 Ak . T GEHC
micro view 2.2 FAFHAT =4 At | HERE Rl /N
25 K5 4y B, JF{d FH ‘B %% 2 ( Bone mineral density,
BMD) | ‘B /N3 JE E (Trabecular thickness, Tb.Th) .
B /NGL 41 E5 FE (Trabecular bone separation, Tb.Sp) Fll
ZEA PR IR B (Structural model index, SMI) Z5Z %L
TR o

1.2.5 BRI i8S (calcium, Ca) | BltERE
Fi Mt ( Alkaline phosphatase, ALP) AT A7 L L M-
fi I} ( Tartrate-resistant acid phosphatase, TRACP) 7%
A RGN S U T

1.2.6 Z)6ER PCR ] TransZol Up Plus RNA it
F & FEHUR RNA, FJJH TransScript All-in-One First-
Strand ¢cDNA Synthesis SuperMix for qPCR( One-
Step gDNA Removal)iRk5l| &5 cDNA., LA p-actin
VRN S EEA, FIFH Rotor-Gene 6000 X cDNA 4351
BEAT B AR RTINS R 43, T FbRuE £ fr A
MACH SR CeAE, FFFIH 225 S B T AR
EAyHrUsT . R Primer 5 3FH AT RS 14, B
A IPHE RN 1.

#£1 EHHEFIYFHI(5—-3)

Table 1 Target genes primer sequence (5'—3")
B AR 1975
GFIEH (B-Actin) F- TGTGATGGTGGGAATGGG

R- TGCCAGATCTTCTCCATGTC
F- TAACACCAACGCTCAGGTCC
R- TGGATGTGACCTCATTGCCC
F- TTCAGGACGAGAACGGTGTG
R- CCAGGGAGTCCTCAGATCCA
F- ACGGAGACACAGCTCACAAG
R- CAGGCTCTCCATCAAGGCAA
F- GGTAGTGAACAGACTCCGGC
R- GGCGGTCTTCAAGCCATACT

TR PERE AR AT (ALP)
YU A R R M WA S (TRACP)
BT % (OPG)

i (sclerostin)

1.2.7 WiEMAEY @ =W )F  FlH QlAamp
DNA Stool Mini $2&HURF &2 AE(E DNA, X 16S
rRNA AJAEIX(V3+V4)iH#{T PCR ¥ 1, {#i Illumina
MiSeq M JFFEALFHEAT 2x300 bp FYXLHHEM T . 43 HIMd
JH QIIME 1.8.0, Mothur 1.30.1 #ll Userach 7.1 #£47
JEUH I F 8B TRAL B, o F1 B 22 REPE A3 L R
OTU M4, 571 RDP classifier FA4X MRS A1)

BATEIRN IS BEE AR SR 10, dlii Spearman
FHICAE AT BT LI BRI B S e bR ic 4 2 ] Y AH
M, P<0.05 Al false discovery rate <0.25 #ixE XN
HA WA M.
1.3 HiESHH

A B R 2R A SPSS19.0 SEil43#T, SR A
{HpRMEZE Y T RIS . F7E IR S04 198 Rk
ANOVA 7l Tukey’s post hoc test #7534, NGFEH
2= MTARRIE PR FH Mann-Whitney test, P<0.05
FIORNHEGSITHF BN P EAREER .
2 HER57h
2.1 HFEMRERT YIRS E

2 300 °C I pEbe 8 h 5, L6— RANALFETS
SN WG FERY BPRLAR 53 AT A 1 T, W8 PR DR 48
RIARIE 43 LS i B AT s, TE R LA S XK
FHAOXTRRINZE . AEWRFEAT LA 24.92 um FPERAE A
A FAIEE A (E] 1) BARWE8 T Ca &3 36.90 g/kg
(F£2).
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Fig.1 Particle size distribution of OSP
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Table 2 Mineral composition of OSP

L7/ DS HWG5ER (g/ke)

Ca 36.90+0.31

P 0.67+0.03

Sr 0.23+0.03

Na 0.6440.053
Mg 0.988+0.091
Zn 0.008+0.001

Fe 0.402+0.036
Pb 0.00097::0.000042

22 BHAESITEFTR

O HEALWZ 3 (Micro CT) X420 55
/N B S AT R (B] 2) ;5 If38iid GEHC micro
view 2.2 B EE R L B/ NRESHEE LU
IR AIROS (8] 3) . SXTRELEAR L, ARARIZH
M E 2 B (BMD) | B /DNEEJE S (T Th) ¥4 1 25 98/
(P<0.05); H /B /NGRS 25 BE (Tb.Sp) FIGEA R AU FE %
(SMD) 4 i ZZ 1011 (P<0.05) , Bl Rz B 22 (s /Nl
TR I /N2 X IR A 42 40, 33X 1 A S AR B
o SBRIRES AL IR TS, A HabRit kA AR
fh, EATWEFERY 4L S R T R B AN /NG R
(P<0.05),
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Fig.2 Micro CT images of the femur in mice
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T AR 5 X LA LE, #: P<0.05; P/~ Ab R 2 5 A 2 A
I, *: P<0.05; ] 6 [A],

2.3 HIBHKIERR

231 BEE AR EISIEbR . SXTIRZHAH L,
AR ZH F I 3545 (1.2240.10 mg/kg) . L4 (30.30+
3.64 mg/kg) &t W3 TH i (P<0.05) ; B 45 1 & i
B (116.26+18.24 mg/kg, P>0.05) ., 541 #14H A
Lb, Zedt ey 4H i AL BRI 5 (0.92+0.07 mg/ke,
P<0.001) FIZE(H45(29.14+1.97 mg/kg, P>0.05) HEJR&
IG; I EH4S & B H1(129.06+17.81 mg/kg, P>0.05),
HWRSEALH SRR PR EGLH 00 B85 B BN AR T, S5
HEFE BRI A3 (BMD) 45 R—30(36 3) .,

*3 MRS R AL

Table 3 Changes in the amount of calcium in each part of mice

215 MEF5(mmol/L)  Z{F45(mg/g)  BEEH5(mg/g)

X HRZ 1.0120.09 25.97+2.83 135.01+17.09
HERIL 1.22+0.10" 30.30+3.64" 116.26+18.24
TRFRES 4L 0.97+0.05%** 27.48+2.06 127.86+17.66
S 0.92:0.07%** 29.14+1.97 129.06+17.81

T KEHUZH 5% HRZE A LL, #: P<0.05, ##: P<0.001; P/ BRZH S8 2H
AL, ***. P<0.001,

2.3.2 HEHRAR AN AL B R YLt

B EsE AR, AR T M s PR P e, v A
TP BT (ALP) FI-ETE B (TRACP) & & 1EH o
55X BELHAH Eb, FEAYZH ST ALP A9 BRETS 25 G
(42.16%2.56 U/L, P<0.05), TRACP [¥lifFE i35 Tt
(17.69+0.44 U/L, P<0.01) . S#EIZHAAH L, &4t 45
FETHANS ALP PRS2 FFH(66.29+1.15 U/L,
P<0.001), TRACP PYHfFE o35 T 4 (14.55+0.69 U/L,
P<0.01)(& 4),
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Fig.4 Enzyme activity of bone turnover markers in mice
TE: BURIL] 5% B LL, #: P<0.05, ##: P<0.01; - AbFE4]
LRI, **: P<0.01, ***; P<0.001.

24 BEEIRCHIEXERERIE

55 %) FEZH AH B, B 2 R 2 i AL B ALP F
OPG LA MFL /K- 2 T 1#(0.24+0.03 . 0.63+0.08,
P<0.01); TMif#i TRACP Fll Sclerostin & A A %% 5% 7K
S FIE(1.96+0.15, 1.53+0.07, P<0.01, P<0.05),
ZenI A EF SR AR R S5 IR T Jo B R da bR A [F 72
P (E 5) .
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Fig.5 Gene expression related to bone turnover
markers in mice
e BAIA 5% RRZLAR L, #: P<0.05, ##: P<0.01, ###: P<0.001;
A AEIRZH SR AT L, *: P<0.05, **: P<0.01.

2.5 BAEERHARMEMEEN
2.5.1 Alpha Z#F£4E  Chaol 35 % Shannon 35 %%
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HTPAS 738 TR R R0 =2 BEFNZAEPE . Chaol
FEECHT Shannon $i5 K58 WAL LW Fh 2 5 =
FEPERET, AnlEl 6 Fros, BEBILH b 32 6 B R 22k
PRI 5 2T IR (P<0.05), Zeid s e Ry T e
AE NI B R E Y B0 F & BE 2 (P<0.05) o
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Fig.6 Chaol index and Shannon index of gut
microbiota in mice
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2.5.2 Beta ZHMZES Beta ZREPEREIE AR
BERETEZ Rl Fh 22 5 vk . WKl 7 iR, Sl iR
PR 10 IS, BB RS H R ES T % IR
TEMCEERN T, HHR7eRy FIBRBRES G T X4 AT 85 I 1 e
eSS, A /)N B i 38 e 45 4 2 AR A4S TR A BE 1
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Fig.7 PCoA of each group of mice

2.5.3 FEERVH AL SEREI IR EOREAE “ Ui
ARk, P TR ORI E I R/ KB 8 WRT
AN [FIREAS ST N 4 1 RSP R 2K ST 17 B AR AH X T2 5
FETAHXT T RE>2% pYJE I, I 4 41 et ity 9 4>
EHEFN, BIHE Christensenella massiliensis . =&
i B 4l B ( Eubacterium coprostanoligenes) . K.aly-
soides . W& R FLIR¥T B ( Lactobacillus acidophilus) .
¥ # A B (Lactobacillus animalis) . Z58 FL AT B
( Lactobacillus faecis) . A ICFLFF B (Lactobacillus
johnsonii) . Muribaculum intestinale . 2k F< & FUAFT B8
( Parabacteroides distasonis) , H. ' M.intestinale F
2k G &) LA B8 JE T ULFT B 1] ( Bacteroidetes) , T
C.massiliensis. =25 S WEE Y . K. alysoides . FEWR
FLERAT RS . S FUAT . B FUAT AN [RE AT HR

fif

Christensenella massiliensis

Eubacterium coprostanoligenes
Kincothrix alysoides

Lactobacillus acidophilus

Lactobacillus animalis

Lactobacillus faecis

Lactobacillus johnsonii

Muribaculum intestinale

Parabacteroides distasonis

/NS I BT T DRI A AR A R 3

Fig.8 Changes in the phyla and species of mice gut microbiota
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FIERER T (Firmicutes) . 5 X BAZLAH L, AR RIZH 19
HFUFFEE . FHEZLAF R LRSI . P S e
A0 B M K.alysoides W) AH X+ 35 BE BEAK, T M.intes-
tinale . ZK [ B LUFF B4 . W5 B2 FL IR AT T8 F1 C.massi-
liensis WIAEXTEREF R . SISAIZHAH LL, 4HipG5e8y F
BRERESIEIT 2400 C.massiliensis. WY FLAT B . 25fE
FLAFI . RE PR ZLFRAT B A2k ECRIFURE B ) AR X =5
FEARR, T2 CCFLAF A . P2 S BE ST AH R . K.alysoides
1 M.intestinale WIARXT T o

ARV 2H /)N BRI 18 TR PRI S e a5 AN AR TRD, 38
i Cytoscape E5Hr/ NGB R IR, LETA 4
F A Y 509 A4~ OTUS, 43 5l & JEEBE B 1] (Firmi-
cutes, 48.72%) . ¥UFF P "] (Bacteroidetes, 44.60% ) .
AT ] (Proteobacteria, 3.73% ) FZR BT ] (Actino-
bacteria, 1.77%) . XTREZH | BIRIZH | G520 At u5
SRR 78, 31, 68 Fl 118 KA 1Y OTUs
(&1 9)

Xof e

HAGTE R 2H
BAH/NREA I OTUs
Fig.9 Specific OTUs to each group of mice

&9

2.6 KEXMESHRT
H T WS RGIE A Y B S B AR AR IC ) oG
A, LIUASIHT (RDA) i e 50 A~ B2 22 S R i1y

Fh, 585 bRiC Y PE1T Spearman’s #H X M4 4T o
ZEIRFT, A 16 1M S BB R IO
TENFE AR (P<0.05) . Hrp 58I bR ic ¥ e AH
KWIE A 2 F, & Anaerobacterium chartisolvens
M Millionella massiliensis, T iX W Fp 5 -5 5 W I fR
BYRFAME, A 10 FESEIESREYZ
FHHAEIC, 43 00E Comassiliensis . WEIRFLERFT A . JIK
BRFUNFHE (Lactobacillus caviae) . TRECIRFEH (Escheri-
chia fergusonii) . PARFFTE Lactobacillus reuteri) .
Turicibacter sanguinis . - TRAUF T (Bacteroides acidi-
faciens) . Anaerobium acetethylicum . y=¥ S 1 7
B X W (Adlercreutzia equolifaciens) 1 Butyrici-
monas synergistica, W7 W B 4845 72 B R TR 41,
Hofth 0 FIEE 5B RAIChRICH) B2 IEAH (] 10)
3 WieEsLEie

GRS NRRE, ErnaE e
o) 2 FH R B A AT B A A EA TR T 0, RS
IR T D, T B 2R Bl B BB A RE 1Y &
AP BB S ECE /NGRS | RS, B
IINGEZ TAL ) 43 B8 B G R L AH B B A F T L, AT
FEAEPTaO RSO . ASSCUER] T IS BE BT R
o, BERIZH Hh /S B S B 80N, B/ N R
WS, B /NG 2 . TS AW e SR IT IS,
BMD #1 Tb.Th F}&5 . Tb.Sp 1 SMI F&AK, 156 HA 4105
FORYREMCGER B TS . B R R A
AU Y, 38 A BB TR e ORI i R RN PRI
T, EEEAFEETE RS B RSP, T
ALP Fl OPG J&HIEMFR Y TRACP Fl Sclerostin
SEETRWAR Y AT TE O R BT R e i
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Fig.10 Correlation analysis of dominant species of gut microbiota and bone turnover markers in mice
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