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4.45%55 Z R B H R, Al 25 4 i 2 AR R BRUILIA 2
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I, SR HEEIR AR

1 MRERE
1.1 MR 5iEH

B R R AN SR, B 86.82% FL 1K
H 1 10.96%FF RS 2.19%L—58 5 R .0.03%4E
/EIZ%‘% Ds,

F 2] ARG R (150 me/kg) , VT A8 W] AR
Py 25 14 W) TARRAT B2 W) 5 5 88 I 7 1) &, /e
o R TR RS T 66T B R B (Alkaline
phosphatase , ALP) . 5 % (Osteocalcin, OC) V8 1
IR 2 M W% B2 B (Tartrate resistant acid phos-
phatase, TRAP) . [ B )it C % Ik (C—-Telopep-
tides—1,CTX-1) Irisin A S0 1805 &, B 112
YR AT B 7] RNS4-EASYspin Plus 24141
RNA P $28 B &, Jb 5t RS A= W R AT BR
/3 #) ;HiSeript 1T RT SuperMix for qPCR (+gDNA
wiper) 5587 & HiScript III All-in-one RT
SuperMix Perfect for qPCR, g 5 15 4E W8 A5 M) B4
B AT BRZ 7] s PCR 5140, 75 JH <6 MEA AR Wy Bl AT
FRAT

12 UBR5EH

M5 B FR4L, & [# Molecular Devices 23 A ;
5804R & 3 5 M8 UR 0L, Thermo Fisher; i3 it
Biay, TEE Eppendorf 23 7 ; MPI-B B4k 2% &t
R AL | FL R AR i — G A 2 A A PR |
R686VLT A M AL vk 4, 3518 INVETRO 2 v ;
5804R & X H A VR B0 ML, 92 [H Thermo Scien-
tific 28 7] ;Quantum GX Micro—CT, 32 [E ¥1 4 R /R
BRI A R ] TA-XT AL, 92 [E Stable Mi-
cro System,

1.3 H544A

40 H 4 JE#% SPF MEME SD KB, 1 A #riL
Y38 R 48 5255 B W R A BRA B (A7 VR TIE S
SYXK (#5)2021-0056) , 7] 3% F V1. B K2 5L 56 5l )
Hut SPEF 203 B8 B e B A 58, AR 57 I B 21~25
C HXHRE 40%~60% , 3 FEJE W N B 1% 22 8 12
h/12 h, A R KOK B 8 BR Gt I 90 SR A BT it
AR E R, A BAESNFAILE K= Y2
AR,

K EGE N SR 1 IR ALY 2 IE 5 4 AR
PR IR ES 40 AP TR 5+ VD5 2H (10.96%F7
BERR A5 A 0.03% 44 % Dy), b7l (3.8 glkg
bw , A 24 F A (60 ke ) HEA7 5 1) 10 £i5], H b ik iR
BEL | R RS + VD 4 A 78 790 41 45 K S AR ]
FHBESHEE 90 d, B KT 1 ml/100 g bw,
B JA R B AEA T AR, UL LR o A AR AR O, B
AR B 15 R AR 0 H0 ] o L 2 ] S ]
RO, AR R AR ok, HAR gk 1
Jiw
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Table 1 Rat grouping and gavage
21 %) EEIES 4 3 Iy ik B & X R I E/IR
il 538 4 R HEHFRBREETAK 8
ARG AE A 20 A& 45 47 EEFhRRERTAK 8
B BR 45 40 A& 45 47 # A 0.21 g/kg bw 2% B2 45 8
AT AR A5+VD;5 21 A& A5 4 # B 042 gkg bw ATARBR A5+ 4 £ & D, 8
A A A 48 A& A5 4 A+ #H 3.8 glkg bw % k4 8

KEERTIEEE 12 h, B 1% 5 2 L
TN WOREE, OIS 4 °C,5 000xg #5015
min I RAS ) L7 ,-80 CHARAAF . KA ,
UM R R RBUNE IR A P L B LA HE

PR E G, B T80 CARAT . 2o A7 N 5 B 34 5
o, ZEMBEE A 10 mL B0 W1 AN 4 Cf
F7 058 5 J1 24 280, 40 B A7 T =80 CI %
TR ARIE
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141 FSUHF A s s SRR A w1 R U
F& AR W 36 h IR ZREJF IR E =,
0 S Dl | A A PRV A S i e TARL R
FEMEFG S R IR M 2 EZ bR iE &5 PSRy
W 7E ) (GB 5009.92-2016) #F 47 K6, £ 5 R FH
W e 0 7 PR 5 4 RS I s 1) & 10 A
BWE AU BRI B AR AT .

B (%) = (M ggam—m s )im i asx100 (1)

FEI R HE (%) = (M ggam—m sem—m g )Im g amX
100 (2)
142 KREUREBSBEZNE 20 HT Mi-
cro—CT I , BB FA B A 1F : 4 i TR 90 kv, H
7 88 WA, FOV 2y 86 mm, = 4rHEREAHM X, A
A A 14 min, R 1 mm Cu I 28 . F0ds M
FUR o3 B R IS B A o A i i 20 B oL
RS HORTR] 349 R Bt O o A R |
1.43 ALY SeilE A TA-XT R
PEATINE , R =R KR, AT UIR
3K, BE FEREE 16 mm K 22 0 BE K P T0CE i
R bR GEE N 1 mm/s ] F RS, HE
Ji B W 2R I e A 2 A R B R

144 KEATRCH S ME 6K RIS
SE TR T, A8 K BT AR B T 914 BB
T b 17 5 P B Z A AR, i SRR KA T 4L
23K,
1.4.5 85 0T ES B8 AL A OCHE ARl
5 0 T A s B AR IR E T 0.1 g A2 A
HEAT I A0 IO T | 5 1 A e R 4
FhriE £ 5 TS I E ) (GB 5009.92-2016) i
ARG 0 37 465 5 Y 4 g A B R
W57 & v W B #:4F , ALP ,OC ,TRAP-5 .CTX -1,
Trisin (19000 2 347 44 ALl 06C G 72 TR fF 38 750 6 18 B 45
1.4.6  EACHIAI OG5 50 B L I Rk e 4
RNA A 208 U0 & UL B 15 4E, R BUR & &
RNA., H nanodrop Il 7 ¥ B R 40 B 35 B A y60/A a0
T 1.8~2.0 M5 M FE Sl HEAT 300 5 5t 48 A3 R 4 TR
R & I B HE T

51 ¥ 32 S IR NCBI W3 15 87 {5 B0 1 JF
PR E], S ¢ i PCR #E 191,
M EASBAR CL{E, L B-actin J9 NS BT HIM &
B, SR AnEE 2 s,

x2 MATWE mRNARZEHIFF

Table 2 Primers used in the measurement of mRNA expression

s L 537 Tt 537
B-actin ACGTTGACATCCGTAAAGACC AGGATAGAGCCACCAATCCAC
ALP ATCGGAACAACCTGACTGACC CCTGCCTCCTTCCACTAGCAA
OCN GCAAAGCCCAGCGACTCTGA TAGCGCCGGAGTCTATTCACC
Runx2 TCTGAGCACAGTCCATGCAG AAGAGGCTGTTTGACGCCAT
1.5 HESH L RRAR R A B S H 0 5 1 22

B S R TR bR 22 37 R
K 2 )7 25 (One—way ANOVA) 73 #7  Tukey £ 55
PEAT A ) S 35k 22 5 50, P<0.05 3R BAT 3
Pk 22 57 ,P<0.01 Fon HA MW #H 2R, A
GraphPad Prism 9.0 fE&],

2 #HERESMH
21 BEARNEFIMARGERE . FK. X
AN R 2R 45 2L A RN

W 3 PR, 5 IEH AU L, IR A5 4K BUA 5

Ll

ﬂ_

(P>0.05); 4 T Wl 4 ok & & 6 W 2 M2 1k (P>
0.05) , b 70 71 4 44 5 2 AR B A 3 mka #, Hop
MK 3 = TARES 24 (P<0.05) , Ak, 45 40 I I 4
BB HORE I 48 BOTC 03 1 25 B (P>0.05),
55 4 AH EE , b 7 570 2H G B 1R K RS (P<
0.05), FiRSSREN] 5 R4 HA (LA
P e M R AR B TE .

22 BER|RIEFNBREETEMEYIEN
A

B A SR DL i A 0 B R R R, n
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P 4 R, A T Wl R LR R i R 2 A
B EFRAR(P<0.01) , 2078 T8 12 S50 50045
YA LG, & T B 7E 5 %5 B e R 3 34 B 3 1
B4 (P<0.05,P<0.01) , F7 B BRE5 5 4 4= 3% D, B H]
A R 8 R e A SR T 7 R T IR R
Bed TE, RARREMSEHTENA B EREE

FH (P<0.05,P<0.01) , Ji 2 1 5 %% B ) 0O 2
e FFF AR H5 +V D, LA K A BR 45 (P<0.01) , #2715 b
Fo 70T A T R B RS IRAS T BB B T
JT AR R B i e BRSE IR R
b 78 7 R 8% A 2 ARG S AR R BT i R SR

ORI R R R

®3 KAREREMFK REEREHREH
Table 3 Rat body weight, body length, feed intake and organ index

21 5 JEF A A& A5 AL AL 20 BRI A5 20 AR A5+VD, 4 Ah 70 ) 28
KR Elg 312.84 +4.46 295.01 £7.33 317.81 + 12.64 311.40 £ 15.95 336.11 £ 10.57
#HK/em 18.37 +0.20 17.50 £ 0.15 18.42 + 0.27 18.80 + 0.46 19.30 + 0.29%

KEE/(g/d) 16.09 + 0.24 15.58 +0.52 15.61 £0.45 15.59 + 0.51 1591 £ 0.40
JA R 36 2 %0 0.10 £ 0.01 0.07 £0.01 0.08 £ 0.01 0.09 £ 0.01 0.12+0.01*
FF B 38 3%/ % 2.60 £ 0.06 242 +0.14 243 +0.12 2.53+0.17 2.65+0.16
BB RIE 35 2/ % 0.21 £ 0.04 0.17 £ 0.06 0.17 £ 0.04 0.19 £ 0.06 0.18 £ 0.05
B RE 45 25/ % 0.65 +0.05 0.60 = 0.10 0.58 = 0.09 0.64 £ 0.08 0.64 £0.14

RS DL OSE BE bR E 227 ROR n=8, HIEWHMEL,*. P<0.05,%* P<0.01; 5T AL " P<0.05, # P<0.01; 5/ MR 5+VD,

A, Y P<0.05,% P<0.01, F A,

x4 XBREHZESHEHM Micro-CT 13#

Table 4 Rat femoral mechanics parameters and Micro—CT scan

21 ) JEF A AR AGAE AL 20 BB 45 20 AFALBR A5 +VD; 4 Ah 7L ) 28
B %/ (g/mm?) 1.26 £ 0.02 1.11 £ 0.02%* 1.21 +0.01% 1.22 +0.01% 1.31 + 0.02#4¢
R K B /mm 35.80 £ 0.21 35.30+0.18 35.74 +0.46 36.52 +0.60 36.87 £ 0.44*
sh K B 42 /mm 3.93 £0.05 3.82 +0.04 3.94 +0.21 3.95+0.33 4.14 £0.10
S 42 B 42 /mm 3.15+0.10 3.10+0.15 2.96 +0.20 3.11 £0.29 3.11 £0.17
KRR E A /g 14 402.75 £272.71 10 846.67 +243.72* 13 752.48 +478.05" 14 292.13 + 743.65" 16 153.38 + 734.65*
X K % B /mm 1.50 £ 0.06 1.39£0.16 1.48 £0.19 1.73 £0.31 1.88 +0.11%
AT E/g 0.73 £0.03 0.63 £0.02 0.72 +0.03 0.73 +£0.02 0.76 + 0.02*

2t Micro—CT 43 #7 i B 3 . vy AT 3R A5 H /N 32
FEEMBAREE . 25200 1 s, 5IE% 4
Pl AR ) R A R B B 32 o i B /N T 285 0 XY
ARG 2 BIWIR | Y B R 4 23 1) Thi 28 4 b 58 57

THUS B O AS F 5 B B R s AN R
JEE TH S BT PR 25 g B kg S A T BROUL A
AW, b 5T 70 RE A RIS RS TR 3 AR A0 13
ZERITR W] RAB 2 I RE,

(a)IE# 4

(b) IR 470 21
1
Fig.1

() bR R 55 40
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Effects of bone dietary supplements on three—dimensional reconstruction of bone trabeculae

(AP ETRES+VD; 4 (e)thFE 4
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LT ES
Calcium absorption rate/%

B2

Fig.2 Effect of bone dietary supplements on calcium absorption and retention in rats
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eI TR PN S Wil BV N
A 465 18 WSO R £ ] B 388 I it 55 4 A= R D A AKF-

~ # L5 2000~
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(c)

3 KREH.MES.1,25(0H).D; iREKE

Fig.3 Bone calcium, serum calcium and 1,25(0OH),D; concentration levels in rats
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2 AL (P<0.05),0C & & 78 A BB & (P>
0.05) , Uit I B B AE 77 08055 5 #7468 R 55 + VD5 &R
FeFIHE H KA AL ALP ¥ SOUR I TR RS (P<
0.01), HAbE 20 W 3 = T A IR 85+ VD, 2 (P<
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Fig.4 Serum bone formation level in rats
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VE FABESR , 1 1 S A W A IR Bl R e s A I YR 4n &
5 R, 5IEE A L RS AL TE TRAP W g

15~
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I
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I

B S 2 Nl
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A I E (P>0.05) ,CTX -1 ¥ B i 3% 7+ 7 (P<0.05) ,
Wb 1 W WSV 38 58 5 55 R4S 4 A LG 2% T T2 il
1# TRAP CTX-1 ¥ £ ¥ & AL % B4
FEFNAANE I B2 (P<0.01), FiRgs e Kb
I ) W 5O R AR 2L, e At M S
L WO F e i, VT A 3 00 AT 00 O A i
=
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Fig.5 Serum bone resorption level in rats

2.7 BRERAFEF KRR ILRE  BRALZEF
BT B 5L 77 B % 1

GINGRER g i LR eavd et/ DA (SR I /N DO
RS AR MUBOR, B R B E LA
Hi 5 Al AR AS AR R A PF T, R BUME i WL &
JHR JUL R VR SR A7 WA R, T G 2 1 22 % (P>
0.05) ; S RAGALAR L , 9 H 45 i 550 ol 75 — 5 72 12

B R T LT AR UL SRR R ) (P<0.05,

P<0.01) , (EA5 1 B2, 0 78 70 20 i SR L% fe

H B E 5 TR +VD; 41, 3 6 HAe i B h

IR R R BL(P<0.05) .

2.8 BERFEFXXBRMTE Irisin 7K FHF T
Trisin 2 H B 8% L4300 0 £ 4 % 22 26 11 10D 7Y

LE Rk 5(FNDCS) 8 H , 2K it 24 it i 49 20 0 7%



O

188

=Y

[

H

A,
07

R 2024 455 7 W

x5 KXEHMNRE BRI EFEN A

Table 5 Rat gastrocnemius muscle mass, leg muscle rate and forelimb pull

2 5 T M MUK & /mg A 2 /% WAL A /g
SE 4 3.65 £ 0.05 6.35+0.28 816.23 +28.43
Ak A5 AL AL 20 3.02 £ 0.09 5.71 £0.36 643.04 £ 9.60
B ER 45 UL 3.47 £0.16 6.47 £ 0.37 803.20 + 23.66*
ATAEBR45+V D, 48 3.50 £0.13 7.24 +0.30* 931.49 + 40.63*
AN A ) 41 393+0.17% 9.13 +0.35% 976.51 + 52.55*
712 AR 7 B, Trisin 20U 55 B 941 150r- N
I M T LA T, — 7 T R i B 4
e JUL A S DA 80 AL P R R 3 — A ol
S ] T 20 o 20 43 B T % s
P 6 W%, IR AR I L A 2 K B 25 L
Trisin 5 2t Ve FE 5 35 MK (P<0.05) 15 Bk R 5 =
FPBER B5+ VD TG 1 35 W S AE T (P>0.05) , Thi #h 72
FRU AL 2 P Trisin UM (P<0.01) ,1X 5 M 3C PG P N G
U e 111 30 B 7 IR 56 4 26 50— Ca

B, fEaab et T T FLIE & E A E R
KAEAER ] FHE LT Trisin KF
29 BERMFEFITKER Runx2, ALP,.OC & &
FiE K F B

Runt A8 CH% 5 I+ 2 (Runt-related transcrip-
tion factor 2,Runx2)4& Wnt {5 5 18 % o 10 B 2 4%
ST R A R ARG O ARy EE P R,
Irisin 1@ i3 # 1% Wnt/b—catenin 15 5 8 8%, L
Runx2 FeP 35 RO F 240 M3 58 51 53 W ALP
OC %5 brE% B B ™, gl 7 frs, 5 iEH
AR EE, IRES ALK B Runw2 mRNA 3535 7K F FEAIG
1A 2 (P>0.05) ,ALP 335 7K - . 3 B AR (P<

20
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N
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1

RUNX2 mRNA #H %t ik 4

RUNX2 mRNA relative expression
ALP mRNA HIXf ik &

ALP mRNA relative expression

(b)
7 BERHEFAMNABERENEAREERIZKFHZN

Fig.7 Effect bone dietary supplements on the mRNA expressions of osteoblast in rats femur

6 KRILF Irisin 7k £

Fig.6 Serum Irisin level in rats
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HREEANEa P HEEANEY, 4T
I 5 B WO [R) 4 55 1 2h & F g, — BF
M FT I, 1 W SOV R 5 B A i 2k o e
i, B RS, P A R A R AL, AR
NIRRT YR 2 —, W AR i
EEEH, REESEARL TR R E
BLH R Z B2 ARSI R B K I I A ) i g
Ief AR K R PR AR5 1 B e I 355 5 7K S R 1,25
(OH),D; ¥ JF | 3% 55 Chen ZPHF 78 45 5 — 3%, %
AR N B o bR

H0 Y T R R Rk, RECE %
JEE AR, 2 7T 1 S A B AU, ™ B O 2 R AR
Preel, & BB RS B B AR AE (Y B AR AR, ASHE
3 rP AR A ) MR KRR R i R A A i 3
i, 28 T8 12350, Micro—CT 434 /s BB
TE 0 It B /NG ZS TR S5 40 32 BUREIR 1 B4
R H 25 T 3 S B JO0 GRS TR B SR AE 3l 3
TR A AT A, B4R R
D K A KECE 2= S BIRE 2 E R RE A
LGS e

I BN Ak 3508 1 A0 o 0 K o B
J DB R AR AR AN P T DA KRS, —
B A0 B T R A L o IR e ALP
JE INCH A B A3 D6 P A S A R I, T R
PR R BB RS R, 0C S i R E 0 S T B
R EA, AU RRS, 55—
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Modulation of Bone Performance by Bone Dietary Supplements in Low—calcium-fed Rats

Shao Ru', Zhao Xianfeng?, Mao Jiangyi?, Tang Xue', Wang Yi*, Zhou Peng’
(School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu
2Danone Open Science Research Center for Life—Transforming Nutrition, Shanghai 200135
State Key Laboratory of Food Science and Resources, fJiangnan University, Wuxi 214122, Jiangsu)

Abstract Objective: To investigate the effects of the dietary bone supplement consisting of whey protein, leucine, calci-
um citrate and vitamin D; on bone performance in low—calcium fed rats. Methods: 40 female SD rats were randomly di-
vided into normal group, low—calcium model group, calcium carbonate group, calcium citrate + VD; and supplement
groups. After administration for 90 days, growth performance, femur biomechanical parameters and femur microstructure,
calcium metabolism levels, bone formation and bone resorption markers, myocytic factor Irisin levels were detected. The
relative mRNA expression of ALP, OC and key genes were detected by quantitative real-time polymenose chain reaction.
Results: Compared with the normal group, the rats in low—calcium model group showed no significant changes in body
weight and organ index (P>0.05),but a highly significant decrease in bone mineral density and maximum load (P<0.01).
Compared with the low—calcium model group, the values of femoral bone density, maximum load (P<0.05, P<0.01) and
the content of the bone formation markers (alkaline phosphatase and osteocalcin) in serum were significantly increased in
the other three groups, the bone dietary supplements not only significantly increased femoral length, femoral dry weight,
maximum deflection and femoral dry weight (P<0.05, P<0.01), but also was superior to calcium citrate+VD; and calcium
carbonate in enhancing bone density, restoring bone microstructure and bone formation markers content (P<0.01). In ad-
dition, the bone dietary supplements effectively improved gastrocnemius muscle mass, hamstring rate or forelimb tension
in low-calcium fed rats (P<0.05, P<0.01) and enhanced muscle biomechanical effects on bone, which also activated
Wnt signaling pathway by increasing muscle secretion of Irisin, up-regulated mRNA expression of Runx2, ALP and OC,
stimulated osteoblast proliferation, differentiation and enhanced bone formation and mineralization. Conclusion: Bone di-
etary supplements increased bone formation by activating the Wnt signaling pathway, inhibited bone mineral loss, and
restored bone microstructure, increased bone mineral density and bone strength, and improved osteoporosis. This may be
related to it improved muscle mass and Irisin secretion, enhanced the biomechanical effect of muscle on bone.

Keywords osteoporosis; whey protein; leucine; bone dietary supplements; bone metabolism



