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Comparison of the ameliorating effect of collagen peptide chelated
calcium and estrogen on the bone quality in ovariectomized rats
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[ Abstract]  Objective To compare the ameliorating effect of collagen peptide chelated calcium ( CPCC) and es-
trogen on the bone quality in ovariectomized rats in order to serve the development of safe drugs for prevention of osteoporo-
sis (OP). Methods Bilateral ovariectomized rats were divided into ovariectomized group (OVX) , sham group, 17p — es-
tradiol injection group (OVX +E,) and CPCC gavage group (OVX + CCCP). Bone and serum indices of these groups were
assessed and compared at 9 weeks after treatment. Results Bone density of the OVX group was significantly lower than
the sham group (P <0.01) , indicating that the rat OP model was successfully established. Like estrogen, CPCC inhibited
the abnormal changes of all indices and maintain similar levels with those of the sham group (P >0.05), while the body
weight gain of the E, group at weeks 8 and 9 was significantly lower than those of the sham group (P <0.01). As regarding
the prevention of bone loss, the Mg and Ca levels of the E, group were significantly lower than those of the moderate and
high dose CPCC groups. The Cu level was not significantly different compared with the sham group, while those in the mod-
erate and low dose CPCC groups were significantly higher than the sham group. The Mn, Zn and hydroxyproline levels of
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the E, group were significantly lower than those of the sham group, while the CPCC group maintained levels similar to that of

the sham group. In regarding to the inhibiting effect on the increased blood BGP and StrACP, the E, group was still main-

tained at levels similar to that of the OVX group, while those of the CPCC group were significantly lower than the OVX

group. As regarding the decreased blood Ca, the E, group was not significantly different with that of the OVX group, while

that of the CPCC group was significantly higher than the OVX group. Conclusions CPCC is more effective than estrogen

in ameliorating the bone quality of ovariectomized rats.
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Wi TIFZIRIT A5 OP WA R, 4345 HE K
2 MEE A2 AR ) SRR AR RS R A RS E
Wl o eV AT IR IR R LR
PRGN T R FE IR Y XU, 25 5 5 LR vh X
TG I A2, LA R XU S8 3 5 1 A AT e AR
W4 AR R RIVE A AT TR OP Bijih
5T R BA U IR S B A Y
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AR TE FE I, AN 23 45 R AN B ) S s
W WAZ RN EY AR | FEIR A S, A Y
FHEE S et 280 500 A e AT S8 Y 5 1), PR
TR 5 U] T e BRI A 25 10 I 22 ik
X e B = B AY OP BUARLBIATEA ),

ARAEFE LA 5/ T 1000 194 15 S5t JoR il 45 515 25
A B £ BK ( collagen peptide chelated calcium,
CPCC) , SRV B BB AL R B B A, OF
W FLACR [RIMETCR He A, S LS 224 | i B A5 1]
FR IR SR A BT T6 2590 B 0T A B85 LA

1 #MBR5AE

1.1 SR Kka4E

TEFH 10 JE] i M P4 785 17 SO 1 A 22 SD KR 48
HIRHE (203 £20) g, H LLPY B BL K2 30 ) 52 56 vh
L[ SCXK () 2015 —0001 ] #2433 p7 vl i 2 J
J , VIR AU BR &, K B 3% T L P 4Rl K2 5 )
B 2F R PR s O B, TR TR
FEZH LB B [ KA ZI2IE[ 2014 ] 5 01 5]
SERL, ARG B 0 R BUR B H R — Ik RE 1 A,

TR, BRI N R R R R B IR R O (22 =
2)°C, HIR 12 h, B0 12 h, $5 ) HAth PR 4% foff
FA E FARME GB14923 — 2001 , T M mk 15 25 S W ks
RO T A (LU v BE R K 2% sl S g0 o Rt ) i
B ERAROK, I HE S50 s Yl AR 3R R 45 7 A

WMok 6 4,54 8 K, IF AR (sham) A~
VIBRONEE | 2 U] B 51 S5 [ i 45 5 5 0 B D7 ; A 40
(OVX) DIFRIR I E B R 2 (E,) VIBRIN§L 5 B2 R i
5} 178 — M (0. 08 mg/mL) , ST FHIH K 1 ml/
(0.1 kg-d) ;CPCC ZHYIBROP 5% 10 mL/ (kg-d)
B AT HE e 2R IR KK cpCe Bt A% 500
300,100 mg/mL HHEEW, 43 HE B 45 b ARG i
4, TRFREEHIE  F CRRRREE R B, R MR R i, J5E
HULFE , RS HLWEAS . ARSI A R4 i
AN RALFNE  SE0 S AR ) IR T
1.2 FERAFESNE

LSS LT W e B R Bl ( AKP) \BUIN A R
PR VEREIR 6 (SwACP) 45K (BGP) | F2 il 2 iz il
KA H R AR E Y TR AT 178 - M
W A B ERHCABR A,

JEF WM 35 A (AU 5 AR P 2 A3 A PR A
Fl) s ZINEEBE AR I ( 35 [E Molecular Devices ) ; SX —
12 - 10 ZIFHAHL B ( I SEge R ) 4
1.3 MREESUNHE

B B SR H PN 5 R R 2 i A PR BT
AR A 7= LT 363, B 98.78% , 4> T it <
1000 Da FYRE 5 90. 78% , ¥Rz 6. 89% , AT
NI R KR 89. 28 mg/mL, #5575 N CaCl, , Jik
PR 2: 1, pH 8. 1,40°C 2 30 min, JIA 8 17
R CBESATILVE ( LWL i 5350 > 95% , i 3
h) ,8000 r/min E5.L> 10 min, TIVEF-Z B2 T4
( =26°C W%, TAEESR 90 ~ 100 Pa, FHETRFE 45 ~
55°C) HHESE A I Z K (CPCC) |, 280 7 H v
JKF 5N 68. 16% , 55 4 10. 01% , 7K 53 6. 44%
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1.4 IEFRUE
1.4.1 (REMTFERE

T o o R R RGBT PR — I, LR 5 9 S5k
Wa R, KRR, e, KB A F 4542020
SERIFRE TR E R
1.4.2 BEKE HE BT EME%ENNE

FHERRR RO & 22 e 0 1 B 5 B SR
FE6OCHEA P T Z=HE (10 h) , WE T &, #%
M/V B B AR K D E .
1.4.3 S0 YRR & & i

YR FRIBORT 22 5 5 R AR R BB T &
B NS 39 300°C FK AR 1 h, TR T £550°C
JRAE 3 b, SCHHLBH Y, Rl BERE 2 110°C LAR G
I RSO R RT A R N 1 ~ 2 RS R
QRSLiEAE 1 h, EE BB A AL, KK H 2 mL
ERR (1:5) WSt AEXH B TP B 18 mL LB FIK,
TRAT, DE R B B i, DK BRGH (%) 4 75 00 3 v
B4 mL, LB F/KERZE S0 mL, MEE S, I
SERIF I EER I 10 mL, N 5% S ALERA WK 0.2
mL, S8 J5 RO GRS ST 85 & i i g . 72
IF 2 kP 00 e R I 2 6 06 B A5 45
ko

1.4.4  MEAfFERR

KSR, WTEr 12 b, BR BRI, Ui 4 1 RE
750 (3000 t/min, 10 min) , 2322 L7, & - 20°C
TRAF, IMLTE BRI B AR I ( AKP) BT 7 R R M i iR
fiti (StrACP) 1M MG 555 % ( BGP) (L1545 (Ca) |
IV Tl (P 5t 800 2 4 59 G B I P4
1.4.5 Stk

JITA SR PV 348 + FRifElR (v 25) 30K,
iz F Statistix 8. 1 A4 X #5120 55 21 B4 2047 7 2243
Mro 235 P <0.05 Fl1 P <0.01 1K 257 2
25 SRR D I BRUE

2 &R

2.1 KRBEENTL

F2 1 AT 7ERT 2 8, S K RIAE 22 7 0
FE, NG 3 JE IR, OVX HIRE B % & T sham
4, BN 6 JiFF bRk B4 B % K ¥ (P <0.01),
HASRIGI P, BRI 450 4 R4, &7 2 1)
REIHA S sham 42 % LW EMH(P >0.05), 1
E, 41,7656 3 JEM 3% 5 T sham 41,7655 8 9 JH 4]
N R ZEAIK T sham 4,

FT1 178 - METEEANESES G R 22 O 2 B B BRI Ay Sl ERA (v £5,n =8)

Tab.1 Inhibition role of 17 — estradiol and collagen peptide chelated calcium on the body weight gain of ovariectomized rats
JaEL BFARAH ERIE FiE| e R AL gl rh A R A
Weeks Sham OVX E, High dose Moderate dose Low dose

1 198.15 +7.66% 207. 65 +39. 934 216.39 9. 26" 204. 58 £19. 944 207. 00 £21. 00" 203. 56 +28. 58"

2 200. 55 +9. 47 210.53 £33.39 212.29 £15.25 207.20 £25.13 207. 00 =21. 00 214.76 +19.78

3 208.46 £11.30%"  236.02 £32. 4182 245 68 +17. 71 227.76 £25. 6128 229 85 +25, 6428 217, 61 +35. 765C>

4 215.45 +14.93°¢ 249.2 +27. 47" 220. 84 £22.985¢ 234.15 £27.10*%¢ 232,31 +24. 18"8C 244.90 +16. 92F

5 230.04 +11.35" 261. 60 £28. 50* 231.73 +29.61° 229.22 +10. 73" 233.89 +23. 18P 253.25 +3.694°

6 234,88 £27.828C¢ 274,67 £25.48%  225.62 £19. 19 248.22 +17.9528Cb 246, 67 +23. 844BCbe 263 24 +18. 1645

7 242.98 £16.37™  277.87 +24.55%  230.55 +19.00™ 240. 68 +18. 51% 236.75 £23.73% 252,58 +13. 97ABD

8 234.54 +15.05 271.13 £23. 18" 218.68 +15.28% 237.87 +£19. 835 237.52 +14. 165 241.90 +21. 095

9 247.86 £18.355%  284.26 £26. 81"  212.46 £25.30 240.71 £24.56%¢  241.90 +21. 095> 249.76 +20. 455

KRG 7Rk ABCD FR 5 IR AE P <0. 05 KA HLH ; /NG FohE abed F//RTE P <0. 01 /K AL LA, bA AR FREFRR 2 500 M, A
Rk FR 250 WEM, TRMFEIFE,

Note. Uppercase letters A B C D and lowercase letters a b ¢ d represent significant differences at P <0.05 and P <0. 01 levels, respectively. The same

letter means non-significant and different letter means significant difference. The following tables and figures are the same.

2.2 AEMREWIEIEIRINE

126 2 AT, IR SEAR RO R BB R L AR
N R SR E S AU (ER (10 BN DN 13
A EAR D F T HABS L (P <0.05) , 50 HLEH R
AT 5| R 2 R S IR (P <0.01) , 45
PR T E G 2R TFARLAKE, &R
HME AMBHEEEF LR ENE HEEST
OVX 4, H 5 Sham 4% % J W&k,

2.3 BUYERSE

H 2 3 Al 5 sham ZAHLE, OVX AR Y
Cu . Mn.Zn Mg /K V¥R TR, E, A/ ffi Cu /K
qzjiﬂ“i sham 2ﬂ7j(qz , ﬁﬁ’:fj \ﬁﬁﬂiéﬂﬂﬂﬁ%%?
sham 2, E, ZHA9 Mn B4 FHE (045 5 KT sham
20, T ARG A T sham K-, BRE, 4
AN, SN Zn KEHI 1A 2 sham 2K, E, 4H
Y Mg 7K B AR K A2 28 1 3 AKF (B BUE B 3%
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KT mHEH, T Ca, OVX 4 & &= & 1%, E,
UG Ca KFEBA BT BB EMR T SF R,
hREHE R E S TERFARA(P<0.05), Frld

R L E, O ELAR R RT3 R B T R ) S
T, WETHCE RS B I 22 RO B X Rk , 5
EARIEZ ISR T MR

R2 AR BE AR FRIESS R (x 25,0 =6)

Tab.2 Determination results of various physical indexes of the left femurs of rats in each group

2177 K/ mm HA%/ mm W/ ¢ THE/ ¢ BHEE/ o/ cm’
Groups Length Diameter Wet weight Dry weight Bone density
SHAM 33.31 +1. 5% 3.060 +0. 04378 0.7832 +0. 058" 0.5636 £0. 012 2.283 +0. 474

()¢ 32.91 +0. 984 3.093 +0. 04248 0.7604 0. 024" 0. 5035 +0. 0485 1.767 £0.031

E, 33.57 £0. 2048 2.987 +0.13% 0. 7624 0. 025* 0. 5257 £0. 0125 2. 144 +0. 247Bb

3.032 £0.083"%
3.120 £0. 1648
3. 140 £0. 227

32.87 0. 875¢b
33.40 = 1. 00ABP
32.06 £0.73%

1037 & High dose
1573 Moderate dose
{IG5F) & Low dose

2.074 0. 18P
2.246 0. 0984
1.914 0. 115¢>

0. 4883 +0. 0069
0. 5160 0. 0325¢
0. 4975 +0. 0155

0.7741 0. 069"
0.7773 £0. 0494
0. 7430 £0. 0344

R3 BARRBEPOTPILRGRILE (2 5,0 =6)

Tab.3 Mineral content of the femurs of rats in each group

2l 53] Groups Cw/pg/g Mn/pg/g In/pg/g Ca/mg/g Mg/mg/g
SHAM 2.27 0. 108 1.94 £0.29% 33.78 0. 43ABabe 12.59 +2, 78B¢cb 0.49 +0. 09848
(0)7:¢ 1.94 £0.038% 1.47 £0.24°¢ 30.48 +1.48% 9.73 £0. 14 0.37 £0. 012
E, 2.11 £0. 198¢ 1.59 +0. 145¢ 30. 45 0. 99 11.04 £1.31% 0. 43 +0. 050>
77 & High dose 1.87 £0.04% 1.58 £0.00195¢ 35.28 +1. 884 15.71 £0. 934B: 0.59 +0. 035"
FhF|HE Moderate dose 2.85 £0. 0554 2.12 £0. 2848 36. 45 +0. 864 15.92 +0. 056 0. 60 +0. 0234
7 Low dose 2.63 +0. 27" 2.11 +0. 41°5¢ 31.48 +0. 145¢h 12.01 0. 63 0.46 +0. 031 B>
2.4 BEMEBES=E 30
2500 5 RS T 2% 43 B, sham 4 (2.258 + o5l a .

0.22") 5 OVX £H (1.922 +0. 12°) K EUB& iK%
BMEAmRSEEZR AR EE(P<0.01),E, 4
(2.061 £0.090"") B4 Fr4 i, (H45 5 OVX 4%
SEOC R M, M CPCC B9 5 (2.092 £ 0.094°)  H
(2.110 0. 12**) fK(2.095 +0. 18) %7 4H ¥ it
FET OVX 41, HH R4l 5 sham 4122 500 ) 3%
Pk, W AER LB A LTI 2K D T, B 2 A TR
ZIRBCR LT ME R
2.5 FEHNEERESTH

WER R WK AR AT 75 IE S M Ak
HERHEBEMIEM ., ANEA, 75 e R K1
B PR RE I, BEMER R KO R B, FE T IR 2E
g, FL 2 AT g/ INEIRAR R, RO R AR S TR
AT DA WA P B 2R K

M T A DUE D100 S ) R B0 3
EFBRFARL (P <0.01) , FIME#E —FE, CPCC 1Y
) 2H Yo A AR AR S B AR R K R
CPCC X KA MEMEFAIEN, FEIEE L (K 2),
sham 41K BT BB A0, 75 R R B 3 (L
I VBN A KR FE B 240 ARz ;178 -
WA S R OR, B, N B ORI
Il CPCC 4 F & B LR TR AL 203, JE A

7 . .

_

FERE (ng/g)

Uterus coefficient
"

05F
0.0
OovVX Sham E, High Moderate Low
dose dose dose
45 Groups
B 1 DY SRR MR R R

PR IR I 22 RO B AR B S )
Fig.1 Effect of estrogen and collagen peptide chelated

calcium on the uterine coefficient of ovariectomized rats

2.6 IMFMEBEERES, UEAREBEHRERE. 515
s SR E

ML IE B ME B PR i ( alkaline phosphatase , AKP) J&
H B 20 A O R PPN B ORI B 4 i) —
AEECE AR R B AR R AR
AKP fi FFAIE BEA LS , B

L AT A7 TR T A 8 TR T ( SrACP) F2 2ok
VTR A0, DIOR S LLS | o IR 2R 0 D0 D

AT
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BRSO T HIE I, M3 SwACP 15, B
StrACP AJ A Jit 6 1R B 3t it M E 412 Wi 7 s DU
Fabz

‘B 55 % (bone gamma-carboxyglutamic-acid-con-
taining proteins, BGP) J2 fH B H 2 A 3 I ) — Ffr 3
PEZRK, 798 1 B85 AU bk G T B AR, A

AKP B R A R S T, T LA BGP R S T (A A
MFEFE

FVEE R bR Ze (IS ) SRTF A (Y) 5
HAEEZEWRE (X) Z M EIH R Y =0.014X +
0. 11574 (R* =0.9902) Krif3 ) A {EACA TR,
TR AR BRI,

TE . BB b TR o, HEMERLL; d. @5Al4E CPCC 4L se. AL CPCC; 1. fIRFI4E CPCC 41,
B2 HAKRTEES
Note. a. OVX; b. sham; c. E,; d. High dose CPCC; e. Moderate dose CPCC; f. low dose CPCC.

Fig.2 Gross appearance of the uterine of rats in each group

R4 LI AKP StrACP Fl BGP 7KV E 45 (x £5,n =3)
Tab.4 Results of serum level of AKP, StrACP and BGP in the rats

2651 AKP 4 [CHLA StrACP BGP
Groups U/100 mL U/L pg/mL
SHAM 18.38 +1.935 40.08 4. 115 156. 57 +7. 405

0VX 23.71 £0.57% 49.17 £3.55% 168.53 £1. 54"

E, 18.54 +2.74™ 40.25 +6, 9B 159. 63 +4. 765

A2 High dose
52 Moderate dose
{4 Low dose

18.45 +0. 88"
18.11 +1.57%
18. 86 +0. 89"

35.81 +5. 830
32.07 £3.21%
33.3 £0. 54"

151.46 £7.63%
149.76 £9. 69"
158.27 £2.73A%b

S5HBFAREML, V168 H KR AKP (P <
0.01) .BGP(P <0.05) Ll K StrACP /K ¥y & 3 Tt
o VEHHMER R S = ) B BB A & AR B, B e d
A =g (SR LA TR AR = i DR AW et e
BIE WS B R ) R X3 8 i A Ak T s Atk
AR0TT R 3E A RG A R DI 22 K 4 3
FEARE S5 RFARATC B2 R MK, (AlfEEEA

) BGP il StrACP 7K V475 5 Y1 51 5 20 2= 5 T W 2
PR, T FI 2 1) SrACP K, s 4 41 19 BGP
K0 d 2 o AT OVX 4,
2.7 MiFEHSE BEERNE

580 56 0 A A48 A 3 Ay IS R I
B AR R 2 R B B A R OOR T,
2 70% ~80% TLAR T8,
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RS FAHRFUMLES (8K LB (x 5,0 =3)

Tab.5 Levels of Ca and P in the rat serum of each group

2051 Ca p L
Groups mmol/L mmol/L Ca/P ratio
SHAM 2.593 £0. 0934 3.107 0. 13*F 0. 83465¢he
0VX 2.504 +0. 0255 2.994 +0. 090" 0. 8363 BCabe
E, 2. 547 +0. 0488 2.991 +0. 032" 0. 85168
a7l 2H High dose group 2.614 £0.018% 3.048 +0. 13F 0. 8576
P2 Moderate dose group 2.622 +0. 00844 3.159 +0. 060" 0. 8300
{EFIHE 4 Low dose group 2.620 £0.011%4 3.054 +0. 02748 0. 85794

H1 & 5 a2, Y BR BRSE AT I 2 IG5 2K 57 (P
<0.05) ,E2 41 F1 CPCC 21 ¥4 n] fifi H[nl 7+ 2l F R
HIKF-,H E2 4455 OVX 222 0 i, 1 4% 5
T 2H Y I A K DL 2 = T OVX 4,

I F R 2 A Il KT J v T N R 4 A,
LA AR R LB 7K ST 22 5 TG W 3 4k, (LT R
ST IV 0 I KA BT R B A% R AR
{H_E ¥ R A R

FERER LI LE 0. 831 ~ 0.875 A, J& T 1E 4
JEFE, ULHH CPCC N2 52 M I V3 HP A9 455 i -
A U] 5% B B S SR W I A5 K P T X Ot e A
FL I S

3 it

B IR AAE & — P 20, B IR AR AR
i sl s R IAEEZFEE LR Y
D BRORES R AL, Bt ML & 5 F R A
Pr oM FEAE (8 — Bl IR 55 5 A B A i
AR IR TEIE R, B R RS AR, d
TELRLZE G S ~ 15 4F i T MEBCER 43 WM 1k, -
IR EIEEEEN I Z ER, B R
PAEIEE] T AT LB MR BTk A
BHIRH L 5 B e A (DL RIE A B 2552 2T
R OGTE

SR AL L, DI BR 50 55 K B0 B % B
W S 25 KA, U0 BH - B PA S B ) (o B B
AN, B Bgias & AL I, R BRI i S 2538 , 6 K
WA A sT et AL R I L BR N 3 HJS, 0VX 41
(1) PR (e S 1 o L3k B A S KO AR SR 12 A
AWFFEINFES 6 Fi . B BB A & A i), 25 01 5K B
(5 A TR A IS AT Y T
GEI S, ARTFTTINE 45 A R BB BB 5 [ K
S EH Y Cu Mn Zn .Ca Mg EEHH Y ik, H
TSN J e YR Bt R Y B el (3 R B I Ca
WK 2 R, L A9 AKP BGP L % StrACP

K5 5 3 T R R AT BRI 5T A UE S K
FR O SL VIR 20 J8 2 A= B b A e 5 K RO Z A
BAFFIAEY) S ERE T, BRI Tkl 4
Xof 22 B SRAC B TL ALP 7K ST 3EAT 3h 25 W il (1 B
FEEEIRAR  ALP /K1 T i 2 A 76 B A 14 i
1,24 JAF B Z B ARK T, B 5 i DR R KT 1E E
DA GE AR S 70 B R A 2 A BRI, i e
B A AR IR A0 b 5 RS BB A A TR B v
() ALP BRI M S 20 ALP B3 BT 7E R
BiAA B G, ALP BRTHH 8 3 R 1B R R
B B I, O A RO R R
JRBAME 5E 2T B, A 5T 46 b i % st 91 55 B
HU5 10 A Ui R4S B s & 2B T, ALP ZKEAR
R, AT SR A TR B BE

KRB BB BP B 5 VRS 178 - M R el
T ARG T SR 22 K, 205 R R W A5 B8 4 TS i
Z IIKEATHEF R AR, SC U0 25 A i fiff LR 45 HE
SRFARAAN 22 500 W BRI R B A —
BERRICR , AT R S 3 iR 18 254, nTHLEE Bk
HoAh A Rl bR 00 T = SRR

5 MERR R ALA L, B5 A I IR 22 O B R B A
(A BI TR RO B G-, A 100 A 4 084 oy e, S S A IR
Ji 22 JK A5 I8 AR 4 7 A S 6 09 ) 22 5 T b
TME B R AL 45 8 AN o AR H AR B E K T
Sham 21, WERR AWM HAR B ER T HALS AL,
PR R U S O T S S AL T il Cu KO
I EBFARAAKF, WEAYE AR
BEESTRTFARA, MEHEMARN M Zn /KA 5
FRTHRTARA, A SN fHH EAEHETFA
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