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Abstract

The loss of collagen peptide and bone calcium directly induces osteoporosis. Supplementation of
collagen peptide and calcium is an effective approach to prevent osteoporosis. In this study, the
effects of collagen peptide from tuna bone chelated calcium (TCP/Ca), prepared in the previous
experiments, on inhibition of osteoporosis, were investigated in bilateral oophorectomy rats. Re-
sults showed that TCP/Ca significantly decreased the concentration of tartaric acid phosphatase,
cathepsin K and receptor activator of nuclear factor kB in the serum of osteoporosis rats, and in-
hibited bone resorption. TCP/Ca significantly reduced serum bone alkaline phosphatase, osteo-
calcin, propeptide carboxy-terminal procollagen, and also lowered the ratio of receptor activator
of nuclear factor kB ligand and osteoprotegerin. TCP/Ca remarkably increased bone mineral den-
sity of femur, enhanced maximum load and structural strength of tibia. These indicated that
TCP/Ca can effectively inhibit osteoporosis in oophorectomy rats, which provides a theoretical
basis for high value utilization of tuna bone.
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RIREZ G EENRARERESB T BREMERRE, $7RIE 2 K585 R AT B RGMRNE &% .
AT CART A% & i &4 5 IR JR 2 A B (collagen peptide from tuna bone, TCP)E& 45582 Y, #id
SRR I AR & R ERE, HAESSMHERAMENER. LRERER, EEEEE
AR T B RRAAEE K RIS B RO N FHiil A R M B R RS . A4 E AKAEE FrBZ Gk H
FHIRE, MHIEREG: BEEEERKT KRILBEEERFBEFEREBMEHERE. T8 %, 188
B EAREIRBTBRAIRE, WD T E FrBRZAEENE FRER R RN LS, BHEER: E5ER
ERMTREEE, WRTRERABEMNEWEE. R, SHRAEFREEORESSRE MG
FER IR KRB RRINE, NEREATHEELR HRE T ERKE.
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1. 5|8

BEE N 283 R, 4828 5 & AN RE B8 25 1 At B OB &S, WAL L)
RERRERI R T 7™ 5 M« 4828 )5 B 5 FAE (postmenopausal osteoporosis, PMOP){E 4= BRI 2 12 FH Fgi A
KE B S AN 33%. MRS T 4a 2 I 2 O ST e T B, MEISCER Zuib ez, Ak R PE FOIR 5% IR T e
JUHE, BRES A A AR, H IR DU S A B A 2 BRSSPI N R E R, I IR R B e
PEFIBHTREZRIE 22 (1] 5 22 ORI B 45 R 2R 2 I e e L 1) 2 Mk R &R (2] [3]. Bk, HATIAK
A R AN 75 2 AN B - =2 T FYR TT PMOP A 20T Bt .

Sttt R SN TR E Y, AR NERIEEEAE S BI4], i, & 10 RS
A E SR 3 iDL EERIEEE . EAMER AT RS NRR TRZ AR, mEHAR, %
% £ £ 1 B A, T DM G BRI s [ N i R 2 B DR S B TR A B, NS
TR EERER HARKEIE ™= 5, gl i, fEE . e, ShmeaE(s). i, ZRE%E 0 H
S S — RS R D, JRER T HEFRNMA 6], IXLEXTSAG - R, 4K 2 HEH
RETRBMEEMUFA, et asdREEarotasb. S5—J5m, ERIMEART & AT
ITEA, KA TR, KESERNE A EREA, BEER3RE, SUPER B EE. A
RIS ERy BE R NI FLIA K R A SR E % 7], (BHP AR T A E . A4
M g JE AR, DLRT SIS V] £ 3R AR e ht f i it )5 2 IR (collagen peptide from tuna bone, TCP)
BEAE AR, LSRR N S K RO B B RE B 8, AU A B AR . B35 R R A
JIFAETTI, ARV TCP 2G50 £ 00 SR B TR AASE IME R, & ht g i) s AR A R B o
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BRMAIE 1 Ty B i SRS TR 5 2T 7 £ S A S e
2. SEGE
2.1. EEBTMETN

HE S 1 0 R R VT L £ A AT R A R 4R
M SD KRR, SPF 4K, R H 180~220 g, I H At 1t 4 R 45256 sh W H AR 22 7] (SCXK(30)2017-0001)

2.2, SCERRAI SIS

WHEAR, ETEEAYMTREERAR,; F-SER® (alendronare, ALN), K F £ 255 R E 24
AR AF] s BREBERREE . PP R ER M 1 BRI (tartrate-resistant acid phosphatase, TRACP)J & X7 &,
B LAY TRERF RO B ¥ (estradiol, E2). & 452 (osteocalcin, OCN). B 14§ 14: % BR ¥ (bone
alkaline phosphatase, BALP). 1 B4 7ij i J5 #2 3£ i 5 Bk (propeptide carboxy-terminal procollagen, PICP). %X
T kB SZAR TG40 R T (receptor activator of nuclear factor kB, RANK). %K T «xB 24435 {6 K T B 44 (receptor
activator of nuclear factor x¥B ligand, RANKL). #HZi% H i K (Cathepsin K, Cath-K). & fx¥' &
(osteoprotegerin, OPG )55 i Ik 42 5% W B I 52 (enzyme-linked immune sorbet assay, ELISA)i7fl &, 3€E R&D
Awly HoAt iR A E o pr At

Model680 AFR1%, 5 [H Bio-Rad /A 7] ; GL-20M #4145 E5-CoHL, b3 A ES oW LGRS A IR A 7] ; Q83023
ANENPE B RR A, TR KT H A EM R FAEE AR AR GK99-UNIGAMMA X-RAY PLUS XU
X LB E A, BAH 1acn AF].

2.3. TCP E4&45H&

MREL et gk 100 g, T 20 mM 1 1 L BERR Eh 22 vh(pH 7.2), 7E 0.10~0.12 MPa K /1 T,
100°C~120°CZ5 5 h, A EEH0A 500,000 U B PEE EEE, A 1 M HCI 8% NaOH ¥R 18 5 [ A4 £ 1)
pH {H 9.0, 45°C NEEATEEAR VL, BEAR5C 53 /K KIERE 10 min. /KA A1 2 %R )5 LA 4000 r/min 55
> 20 min, HY &R, 500 Da iBMT4SENT G IEIRSE, Wik TG TCP. BEfRJGEFRE N RS, A
F| 200 mL JiE F 4 HH 40% kT EEBR VAW T /K AR 10 h LASRAS M0 B R I0AS B 1. KIREs o5, R
pHEZETE, HIEI BIE, W% TRE S AR .

HX 2 g TCP 1 0.33 g ta- B A BRAS (K4S R & LL 6:1)78 T 20 mL 248K, AEERIRG 2Pk T8 A
i, pH 7.5, EAIEE 35C, BARE 40 min. A RMNE R, FEBRH I 60 mL JE/K LEETTE
BEW, DUERART 4CE&MF TP 6 h, 4500 t/min &0 20 min, JUEIEA T, BI1S TCP &4,
PG #9 92.03%.

24. TR 54740

BRI LA B R ) TR N R R AARE R BB . MM SD K RUE M EMESE 7d, BEHLA NETFA
ANBR NS . PSS 3.4 mL/kgbw 1) 10%7K & SURE BRI B, BYBR K RO BUNIBR 3, PRE RN
WHREGEEEINA, FIERE8E G Kk, BT =000, BFEARERR BT RS =B,
KRR RIS PR 5 2 LA B Ak e, 48 3 d, 15 d S BRRAS IEH (R RFEAT 5256 . R RRAAME 90 d,
FEFRKHLML, fr i E2. TRACP AR BERREFI & &, DMETFRZA(SHAM) KR (10 R) XA, kR
P ELZH KBRS B2 B3 R (P <0.01), TRACP FIARMEBEBREGE 1 B E $2 (P < 0.01)3# FIr A AR Rl 1)
PN

DOI: 10.12677/hjfns.2019.81008 63 5 E R


https://doi.org/10.12677/hjfns.2019.81008

[N

PRPEIE R R T A K SR BE ML 4 AR AL S L (OVX) FiT-C B FR A BH £ X R ZH(ALN) TCP A 85K &
(L-TCP/45). TCP Z&5 w7 B4L(H-TCP/AS), &4 10 H. TCP/ASK. IR0 HI#EE 400 mg/kg 1
800 mg/kg ] TCP/4%, FHMEXTHAZHBE S 1 me/kg (1) ALN, BT AR XS IR BE B SR FR R A F 2
Ky VIR, ES12 w, WIRKR A BREETOK. RIRGZA )G, KEZEEAEEK 10 h, & LB G H
JI5 = B Jok A FH YA S A EOLIL, 85 R0 7 9 20 8 M3 4 °CORAE, VR B K BRI B 5 el B E—20C
1RA72
2.5. B RBEHERRE

4 18 TRACP 85 St BH 15 10 7 700 g L vl 1 5 42218 BLISA 5570 65 15 BH 5 1) 7 ¥4 43 331l & 1L 7% Cath-K
BIE AT RANK 18 & .

2.6. BERIEFRET

2 B8 BELISA A& 8 B 17 14 B 52 1% BALP HI3EPEF OCNL PICP. OPG fl RANKL f4 &
2.7. BEESN

BRI, RSP 1 h, FIFHXURE X 2o % B AOCGHAT I, K % 2 (bone mineral density,
BMD).

2.8. BERAEEME

AR, SEEAEPE 1 hJa, FIH /NS08 8% 50 ORI e K w7 28
2.9. BEKISRENIE

MR, SFEAEPET 1 h g, FIH /NS08 8% 50 AR I 25 R 5 .

2.10. Gt E S

SEIARM X £5 Fox, K SPSS17.0 HAFHAT HIH R ANOVA J5Z 50 Hr, K Tukey’s AT HL
PERPPILLEL, L P<0.05 N RA G ERZESR.

3. &R
3.1. TCP/453} B RIIEFREI RN

1 aTAL, 5 SHAM A #, OVX 4 KR MiF TRACP Fl Cath-K [5G PEY) B ZH NP < 0.01).
WEE TCP/5 )5, 5 OVX 4L EL %, 7R 41 K i TRACP 1 Cath-K 135 14 73 591 5 2 FEAK T 42.85% (P < 0.01)
H149.62% (P < 0.01); [HI, {EFIELLKR TRACP Al Cath-K [E M B3 K T 21.61% (P < 0.05)F1
29.39% (P < 0.05). 53RN, TCP/0] LU (K TRACP FI Cath-K 7K~ 00 il 5% B 40 1 AR v 1

7 1 Al 5 SHAM 4thE, OVX 4 KR IMiE RANK & & EEW MNP < 0.05). mifl&E LCP 4
RANK & &R EWD 7 19.96% (P <0.05). ZHRFK, TCP/AREIEEHIH] RANK 1) 70 W R A& 5 it
FATIPER o

3.2. TCP/AEX B F R IEHREI RN

B 72 2 W%, H-TCP/&541K i BALP #%1%. OCN Fl PICP & &% R (P <0.01); L-TCP/AGLK
. BALP 1% 1 2 2 N (P < 0.05), 1fj OCN F1 PICP & EAL A B, 458K, TCP/AS J LLE T 1]
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BALP. OCN HI PICP 7K~V B & PUBRAAREIR . B 4 734 OPG A1 RANKL HE % {2 (5 A 24 Ffa 4316
TEIAH MR 7, RANKL 5 OPG I EUAE B DA A vy 240 PR P P B B b, R i W WA 21 e s 1 1 1
F. 722 AT 5, 5 SHAM 4 LA, OVX AL IMTE OPG 7 & 2 3 FAIK(P < 0.01), RANKL & & 1 RANKL/OPG
ELfE 2P <0.01). #EH TCP/AS)E, 5 OVX AR ELE, L-TCP/ASZH M H-TCP/45 41K i IfliE OPG H
RANKL )& BB ER NP < 0.05, P <0.01), RANKL/OPG FUAE 73 5 B ZFF%(P < 0.05, P < 0.01).
GERRE, TCPASFEL YT OPG A RANKL, #HIAE A, oo E .

Table 1. Effects of TCP/Ca on bone resorption indexes in rats (x =*s, n = 10)
& 1. TCP/AEX KRB IRUHEFRIIRIN(X +5,n=10)

Groups TRACP (U/L) Cath-K (pg/mL) RANK (pg/mL)
SHAM 18.35+2.67 134 £0.07 28.12+1.54
ovVX 4124 +1.78" 2.62+0.15% 34.77 + 4.62"
ALN 29.74 +1.33" 1.67+0.12" 29.48 +3.24
L-TCP/45 32.33+2.04 1.85+0.14 31.44+281
H-TCP/4% 23.57+1.76" 1.32+0.12" 27.83 +£3.40°

WE: "P<0.05, #P<0.01 5 SHAM 4LL#H; "P<0.05, "P<0.01 5 OVX AHHE: . Note: “P<0.05, ™ P<0.01 vs SHAM group; ‘P <0.05, " P<
0.01 vs OVX group.

Table 2. Effects of TCP/Ca on osteogenesis indexes in rats (X *s, n=10)
%< 2. TCP/AGXT KR B ARIBFRMIEN(X +5,1n=10)

Groups BALP (U/L) OCN (ng/mL) PICP (ng/mL) OPG (pg/mL) RANKL (pg/mL) RANKL/OPG
SHAM 82.41+4.26 3.55+045 6.22 +0.43 13.40 +1.28 16.29 +1.27 1.23+0.17
ovX 220.58 +9.65" 6.71 +0.38* 9.89 +0.77* 6.58 +0.93* 32.23+2.77% 4.94+0.78%
ALN 130.07 +7.10™ 4.11+047" 7.83+0.55" 9.76 + 0.69™ 2437+1.52" 2.50 +0.33"
L-TCP/4% 183.19 + 6.47" 5.76 +0.55 8.87 +0.86 8.89 +0.64" 27.59 +3.41° 320+ 045
H-TCP/45 13324 +523" 4.17+036" 6.72£0.72" 11.31+0.70™ 21.44+2.03" 1.86 £0.18"

FE: "P<0.01 55 SHAM #4HLEE:; "P<0.05, “P<0.01 5 OVX 41LL4L. Note: P < 0.01 vs SHAM group; P < 0.05, P < 0.01 vs OVX group.

3.3. TCP/AE B EEMBEMHFE MR

BH7 3 A1, 5 SHAM 4 KRR HLES, OVX A d A& e d & T i #iii i) BMD 3% F#fik(P < 0.05, P
< 0.01), BE—DULHE FRGTAAGE KRR MRS #EE TCP/4AS )G, malE4 KRS OVX 41Kt
8, Wi R A R ) BMD AR E N T 14.27% (P < 0.01), 10.54% (P < 0.05)F1 17.55% (P
<0.01). KFIEHBMUAEZE . 2R EKH, TCP/A RN IR S B AN RE K BB 55 B, DSO8R B A -

B 3 ATAL, 5 SHAM 4R ELAL, OVX 2 I d5 K a8 ar A 45 1) 5iR FEE 350 . 3 PR AIR(P < 0.01). HEH
TCP/85 )5, 5 OVX 2K B FL A, v 77 B 4 K BRI P i R A R I8 8 ) 5 . 23 i) S 35 19 0 T 31.68% (P
< 0.05)F152.35% (P <0.01). 253K, TCP/HREMEE L B = K RUIEH 10 B KB Flg s Mt i, o8
B R BASRER o
4. Vg

ASCHEFE T TCP/ES AU 458 B O 5K B TR AR RE 4RI A o 45 R EoR, TCP/ASRels 23 PR
JRBRFASE R BB, RS, BRE A Re . R W] TCP/AY RE 2 2 K0 U475 B4 O 5K B
(1B T B A -
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Table 3. Effects of TCP/Ca on BMD and bone biomechanics in rats (x =+ s, 7= 10)
7 3. TCPAGBXT KRB ZBEFBEEMNFHRENFM(X £5,1=10)

BMD (g/cm?)

Groups Ji i e RE AT (kg) i S5 R 5 (kg)
JBE BB+ B - B o
SHAM 0.3034 +0.0126 0.2804 +0.0117 0.3190 + 0.0202 9.13+1.12 24.78 +3.04
ovX 0.2614 +0.0203* 0.2543 +£0.0122" 0.2655 +0.0247* 6.44 + 0.49* 14.67 + 1.55"
ALN 0.2876 + 0.0087" 0.2741 +0.0100" 0.2902 +0.0169 7.87+0.54" 20.22 +1.63™
L-TCP/4% 0.2744 +0.0120 0.2623 +0.0136 0.2802 +0.0196 7.03+0.71 16.19+1.26
H-TCP/45 0.2987 +0.0107" 0.2811 +0.0104" 0.3121 +0.0135™ 8.25+0.79" 2243 +£2.52"

v *P<0.05, ¥P<0.01 5 SHAM AL#; "P<0.05, “P<0.01 5 OVX 44 Note: “P<0.05,  P<0.01 vs SHAM group; "P<0.05, "P <
0.01 vs OVX group.

BALP 1] DL g A A0 RN i 40 P A= 045 12 (8] OCN of i 40 B 1) - AR A 2 Ak LA L
& X[8]; PICP & IR & B A i BB R 5-[9], =& S RENS S M e Wi A . A SR b TCP/AS
B PR T B RS FARE K SR BALP. OCN 1 PICP [{J/K°F, #2278 TCP/AS gl i AR E 4Lk, W
il SRR o

RANKL/OPG [ LU AE B Hz 5 25 i B A0 B A3t (RIS th g2 ma) 1 B WOSCR A 35 BE[10], REFHERfHh
T R . A SEES R TCP/4%5 & 2538 i 7 KB M IME OPG /KF, FFMKT RANKL /KF¥, W/NT
RANKL/OPG FGAE . TRACP XoJ Al 24 Ha (14 18 715 1 FH 32 B2 a5 o - 268 I3 (1) MR ORI e itk | ) e A R s
BUI[11]. Cath-K 7] DAREMR T BYRCJS, FERCE AR h BA Sk SR k[ 11]. ARSLEGrh TCP/4S 3% b
7B UBAASE K SR TRACP F Cath-K & &, #2875 TCP/AS BEN% 8 ik #0051 0 1 20 B ) T 1, sk 1 o
B AARE R BB MRS o

H IR B R B AA R 12 T (1 B = 4B AR /2 BMD, 1355 1, Bk BMD Ab, B R BRI 1R K R 5
P FI3G InA . A BMD J2& H AiE S s E A SR 250097 RO I BB B R R RLRE X ST 2E %
FELCRN BMD 2 H Wi Bt Aa 259097 RO GARuE” J7vE[12]0 B0 (08 3T R AR 3 81 R A RE e K
e, AR 50T DB R i LR A ) D0 53R, T B R AR . AR SEES H TCP/AS B 3 T
B R B RE K R B85 B B KA AN A 5 B, 3o TCP/AS RS Jd ik $2 v K BRI 1 2 5 L B o o s,
1 SR BRI (1) A

E&WE

ASCHRAGF R TR H (2015C21014;5 2016C41012) 8.

SE

(11 P&, FAHLLEON 2 00 KB FUBAA AE DA 1 B SEER 0 JE[D]: [ 22001830, 5 & 75 &K%, 2008.
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