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Abstract

Denatured collagen protein is known as gelatin, and gelatin hydrolysate known as
collagen peptide is used as a functional food material. In humans and rats, dipeptides
of collagen origin, particularly Pro-Hyp (PO) and Hyp-Gly (OG), can be detected in
blood after oral intake of collagen peptide. There are many PO and OG sequences in
one single chain of human type I collagen and these collagen dipeptides have been
brought to attention as a physiologically activated substances. In the present study, we
examined the influence of PO and OG on bone metabolism and bone structure
organization in mice with phosphorus-induced osteogenic disorder bone loss. In
addition, we investigated the effect of PO and OG in vitro on the bone metabolism by
use of both primary mouse bone marrow-derived osteoclasts and osteoblastic cell line
MC3T3-E1. PO and OG appeared to have little influence on mineral concentration or
bone metabolism markers, in terms of the blood levels of bone metabolism-related
hormones in mouse blood. However, PO increased the bone density of primary joint
subchondral bone and first cancellous bone, while OG increased that of secondary
cancellous bone in addition of all of these bones. The bone strength which declined with
the surplus Pi intake,recovered by the PO and OG intake. PO and OG induced the
hyperplasia of bone trabeclae. On the other hand, PO increased the number of the
TRAP positive multinucleated cell derived from the mouse bone-marrow-cell , but OG

was not. Furthermore, PO and OG promoted both the differentiation and the



calcification of the cultivatied osteoblasts. The present study demonstrated the

possible mechanism whereby the collagen dipeptides PO and OG exert a protective

effect against jawbone loss in mice, suggesting that these bioactive collagen dipeptides

may be useful for the prevention and amelioration of bone diseases.

Key words: gelatin(¥ & ), collagen dipeptide(= 7 —7%" > ¥~X7F K) , bone

metabolism (51X, osteoclast(iF #li i), osteoblast(F ZHlifa)
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EDITN D P Pi OBMFEHERDE I ZITTREIC OV T, & MIBWTH Pi &
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1. EERENY
C57BL/6] HEME~ w7 A 1% 10 WESLAREIZ 72 5 & BRI E O (KRBT K OVE RS T
% 10, 2 ZCAMPRIT R R ER NI L OV R 23 T LTz, CB7BL/6] HEME~ © A (BUR
EEREM, #5010 W#IC Pi & 1.5 g /Pi/100g ikt CIRFIHER S W7, @& P A7k MR
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EH STV 2RV Normal BE (0. 15% Pi), Pi 2 i@ fHEHEL S 72 Control £ (1. 5% Pi), Pi Z it
FHEHLSE D L & BT PO ZfEH S H72 PO B (1. 5% Pi+0. 3% Pro-Hyp), Pi ZiHF I <
%Ll HIZ 06 ZHEE S 7= 06 B (1. 5% Pi+0.3% Hyp-Gly) ® 4 B & LC 3 HRAE L7,
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hormone (PTH) £ 1% Mouse Intact PTH ELISA Kit (Immutopics, San Clemente, CA, USA)
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BRARE T b AL 2RO T R FI B AR S5 I BRI 2 6 1) % B BEAE O HLi R 21T o T,
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U/L =226 0w L (REEE, 500 23 L b o2 vz, Baiieid 1000

U/mL v A a7 a—v (BFREEE, ) 2L, 37 C,5 % C0, D&M TFTH&E L, 3

H#, N U 7T EDTA (2 & 0 A 2 RIBERIIY U7z, PEE4, 2000 X g, 4 AyfElEO L, EERIC

D 2 B~ AT AT, B R A BAG L7, RiiAHid 2 HRRICAT -7,

12. Tartrate-resistant acid phosphatase (TRAP) 4L
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< 7 A B BERNE SR 12X 10 cells/well 50 96 well #ifatzss 7 L — MCHEHE L

(n=4), % % 20 ng/mL @ macrophage colony-stimulating factor (M—CSF, R&D, Minneapolis,

MN, USA) 3 KTV 10 ng/mL @ RANKL (R&D) Z Wi U7z, 2 W[4, 24 WRifEt%, 48 RifEI1%, 72 I

MZIZ IO T —F o OR_RTF RERINL, & T 84 Bjtkic X # / — )L CHEA{L L7,

TRAP ¥&f41% Acid Phosphatase, Leukocyte (TRAP)kit (Sigma Aldrich, St. Louis, MO, USA)

Z AW AERRIE A 0.335 M, pH 4.9 [CE W LY@ E2IT-7-, B~ L — h%& 3K

ek, TRAP Yefaidiyik & 37 °CC b A &8, YeFBaMEs Rl L7-, TRAP [hMZ A%

g Rkd X O ZHIE L7-%%, Penguin 600CL Z AT, Yea e 2 B 3AZ In Studio
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13, B 2RI AR MC3T3-E1 D E:E

BEERR X~ 7 A GAZE T SR O B2 R HIIAR MC3T3-EL & H 7= 2V, MC3T3-E1 D%

HiX o-MEM: jREE/KFEF N U w7 A (a-MEM 5.125 g/500 ml:NaHCO, 0.9 g/500 ml) |Z

10 %FBS, 10 J7 U/L X= V> G AV v BRME) 2N L2 D& Hu e, MC3T3-El

1437 °C, 5%C0, DA T THE Lz, kIT 2~3 B2 0.25% b U 7S —~EDTA I (Sigma

Aldrich) (2 & 0 FBf0 2 FIBEELEL L, BEE1%, 2,000 X g, 4 A0 U, BRI FH N D EEHE~AZ

Bz ATV, R AT 5T,

14. FMRa A5 E R
MC3T3-E1 1% 3X10%cells/well 952,96 well flfEsEH 7 L — MCHEFE L, 3 BifE7%, PO
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HHUNE0G % 10 % FBS A1 o -MEM E5H#ICZ 40240 0. 01 mM AN L 3 HfiiEsaE L7=, M

Ja%kiZ Cell Counting Kit-HS (DOJINDO, REA) 3 2 2D 1/10 UM L, 1 BERE 37 °C, 5%

COIFEFCHEL, 7L — MY —%— Wallac 1420 ARVO. SX multilabel counter (Wallac

Finland Oy, Turku, Finland) Z AW THE 450 nm THIE L, K REMEITEF S CH2% L

72 MC3T3-E1 DMIEME Thit L, FHRHE 2 B Lk L7z,

15. Alkaline phosphatase (ALP) 4ufa

MC3T3-E1 fflE 3 X 10%cells/well 35096 well Az 7 L — MR L, 3 H L

#LTm, FD%, PO H DL 06 A 10 % FBS Hll o -MEM Bz #1112 Z70Z40 0. 01 mM AL 7

HRIESE L7, ALP IEPRIIRG A, 20 %R L~ U % VT 10 s E L, 2 [RIKEE L 7-HH

M ZBZEE (=% 7 —)L: 7 hr=1:DICT1HMK ETEE L-, B, 2 [FK

B L7=/lfR A ALP Yetaig [ (10 mM naphthol AS-BI Phosphate (Sigma Aldrich) 3TN 1 mM

Fastred Violet LB Salt(Sigma Aldrich)in 0.05 M 2—-amino—2-methyl-1-propanol (pH 9. 8)

(AMP Buffer)] & HWT 37 CA > F 2_X—H—NT 10~15 457 is S 5 [BIAKPE L 7=, 4

titz, 77 v b~y RAF ¥ F—2 HWT96 wel L ffifulz# H 7 L — N OYL I A2 BV A

Jx, Image] % FH\NCTYL A8 2 Ffitfb L 7=,

16. Von Kossa Y&

MC3T3-E1 fifAIZ 3X 10%cel1s/100 ul T2 6 well FEREZZE 7 L — MIERFE L, 3 HRLIEE

ELE, Fo#%,5mM 8 ZUte—LY VR 0.1 oM OF 3 A3 100 pg/ml 7 A =

14



VB R E RN U755 A HA L PO & AWM 06 22440 0. 01 mM SN L 14 HEESEE L

7o BEFEHL T 1%, Von Kossa YefalZ CHlE 2T L7z (n=4) . #IEIE 20 %R~V % A

W 10 oMEE L, 2 K L7 Mild 2 B iR (=% 7 —v - 7' hrr=1: DIZT1 4

K ECTEFE L7e, BBLeisg, 2 BUKYE L -fildz < o Y —~~ b2 U 8RR (el

T TE FFE L 5 MBIV Lc, ~~ o U e s, ROSHK (5 BEIRHR/K TR 2N

A, SO TS T 16 BFIFHE L 7o, BOGHR, 2 BUKTE L, (21K (5 %F A HET ~ Y 7 4

IKIEHR) 22 AT 6 3 RRE L7z, BOSE IR, 2 [BKTEL, 7T v by RAX v =2 W

T, 6well fifAtsEE 7 L — b DYt E{g 2 BV JA A, Image] & FV N T Y EIHE O A KAV AE

B & A JRAVAEER O mifE 2 HE LT,

17. #EFHLEE

fE BRI R L ORI LTe~ 0 APEHOEESD TR L7, #atAJEHEIL Stat

Mate3 Y7 b =7 (ATMS, #143)11) 2L, t EZ AW THEBEEREZITV, A B KU

Z p<0.05 & L7z, X, uCT 3 KOG OB I EFEO T S R 7o 2 /R L

776
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1. =~ U ADOKRER KO EFIH~— 7 —1Z &IE T PO, 06 DFZEE

~ 7 ZREREDOFE R % Table 21273, fidlH BIAEFET Normal &%, Control £¥, PO B¥, 0G

BETHEEHD IR0, BB THIZ Normal £ & Ee#g L Control B, PORE, 0OG BECTIIAE

B 20T,

R E A~ — B — D% Fig 1R, WEKTRO Ca i, BRI~ —H—ThH 5

TRAP {EPEIZ A RER] TEITFRD 720y 72, Pi 21X Normal #f & Hb# L Control #E CHEIZ

B LTz (Fig 1b) 73, PO B, 0G BE TR D 2o T2, B~ — 7 —Toh 5 ALP IE1E

I Normal &£ & H#Z L Control BECAHEITHM L TW =2 (Fig 1c), PO B, 0G B T EY

7270 7=, PTH X Normal B & Lh#E L Control BECAEIZEEIM L T\ =2 (Fig le), PO

#E, 0G FECTEITRD 2o Tz,

2. ¥ U ADREFOBEEIKITT PO, 06 D

p-QCT DFERZ Fig 2, 3 1R, WM IZ IS 1T 2 BIERE N8, — Ui s, i

12BN, Normal #E L Ebils LU C, Control £, PO BETITA E T LTV A, Control BEL

b U C, — iR O PO BE CIX BB E OUEMEM 258D 7= (Fig 2b), &V iF 06 BETIX

PR N8, — KIS, SRR EICB W TEREOWE 2RO (Fig2b, ¢, d), —7,

FEFIZBIT 2 BEHE T EICB W T, Normal #£ & F#k L, Control B, PORE, OGEE CTILA

B2 LT =23, Control BEE BB L C, PO E, OGC BEDOUWEE A 238 7=, £72, Bk
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BE, B EFEIZBWT, Normal B & Bbig L C, Control £, PO BE CITA EIZEA LTz

73)‘)" 0G ﬁf&i%%—z&@& %ntuybﬁ_ (Flg 30 d)

Z R0 T RBROMIR A Fig 4 (TR, BRI RISV T, Normal #f & Feigz L

T, Control &, PORE, OG BECITA BT L CUN=23, Control BE & g LU C, PORE, OGRET

T BN A DT, — 5, = R L X —12 8B, Normal BE & Bl LT, Control BTl

BT LT =23, PO BE, OG B Tl E 272D 7=,

uCTIZ X AIEE O % Fig5 271, Control BEIZ L~ PO BECIIBAEI#VE T8 CF

DO Z 7B, 06 FF TIXPIFIRE FF, —KIEMRE, RIEREIZB O TEROBMNZ

77

& OBUKGIF Ei% % Fig 6 (R4, Control #f & Hi~ PO B TIXBIE — ki

WE & DICREVEDOBI K2R, —HE G2iE DIEE 238D 7=, 06 BE CIIREEkE ~E, —

IHERE & B ICERIEONEE 27807,

3. ¥ U ADHWAEEIZKIET PO, 06 D2

tk

WX MBI ORI & Fig TITRT, (a) 3R X SREE 2R L, fifiN 2 8dek L=

Z 7% (b) 127~ L7~ Normal BEIZEEX Control B CILETFE ARSI FEBIZ BV TE LW

HwEtE O T 2D 7=, —J7, Control FEIZEL~X PO B, OG B TIaiF AR I sk 12 B8 v C

NGO TCHE 27RO 7= (Fig Ta), FE 7z, BT AR DI EIR GRARI) (2361 5 WA O AKX

LEDOBIER - XL D, Normal BEIZ R Control TR ARSI EEEN I B W THa k(L
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FEDIRT 238 7=, —77, Control BEIZ L~ PO &, 0 B CTIERTFI# R A ISR ARSI B T
JRALE O %38 7= (Fig Tb),
w CT I & % it B D4 % Fig 8 (27”9, Normal #EIZEE Control B CIXRTFIHAR Sy IR
ERI IS BV TE R ORI 23R 7=, — 77, Control BEIZ L~ PO B, 06 FE CIAT F B AR 2yl &6
BIZRWTHROUFELZB O (Fig 8),

THE OBUK G A Fig 9 (Z7~x7, Normal FEIZEE Control #f CIX il B E R DIE

XD EFBDT-, —F, Control FEIZ L PO EE, OC BE IV E B ROE X DekEL TR D

77

4.DNA~A 7 a7 LA fifkT

C57BL/6] HEME~ 7 A KERBICEIT A DNA ~A 7 a7 LA fENTOFE R % %79 (Table 3),

Normal Ff & Eb#E L Control BECHEN EH LB FDW, PO # and/or 0G FECTHRILEMN

B/ U728 57, Normal #f & Fbigt U Control #E CHRELINE/D L8 a1DW, PO #f and/or

0G FECHRILEN LA LB T2 T L7 PO BECHREL LA LB Fickr b=

& (5-hydroxytryptamine (serotonin) receptor 2B; Htr2h) 73 7=, PO BE, 0G B CTHI,

& U IR AR FE K+ (Fibroblast growth factor 2; Fgfd), IR A AR v 7

1B 5+ (homeobox, msh-like 1;Msxl), & 7 v A R EE3E (hyaluronan synthase

3 Has3) D3 >7=, PORE 0G BECHRIBA LIz BB FICEHX 20 D Z AR (vitamin D

receptor; Vdr), i E NS UIR - (receptor activator of nuclear factor—xB ligand;

RankD) 33~ 7=, 0C BEETHRABED LI-BLE I A ha b U2 R (estrogen receptor 1
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; Fsrl), Rank] 527544 (receptor activator of nuclear factor—xB; Rank), B IEHIKF

(bone morphogenetic protein; Bmp2), ¥ 2737 B 55 EEESE (cathepsin K Ctsk) 738 - 7=,

5. ‘B B b R AR L M PO, 0G D RZ%E
~ 7 A B R HIAE D TRAP Yea DR % Fig 10 12”7, B BEHIIIERE 2 REFIC
VRN U72BETIE TRAP (1) R SRS Control BE & Hls LC, f9 L 3 Ic8im L7z, —
75, 0G I CIEAMREIAY 0. 35 fFICIA Lz, £, ‘BBpaREE & 24 REfE % LA =
T =7 ORI F RININTIEEITRD bz o7z (Fig 10a), EMREEIZISWT, &
AR TE 2 BFMRI T2 12 PO 2 0N L 728 IR 1. 28 51T L7, —75, 0G SN T
HREIIAR 0. 2 (512 Uiz, Eiz, B BEMAERFE & 24 R4 DI CI3miiask & Mtz =
— T URTF RIRINC X D 2IF580 705 7= (Fig 10b), BEMEBIHEI{E Tl 06 #Iz X

Y, ZEZHRE R DM 23T BTz (Fig 10c),

6. 2285 HEAIIARE MC3T3-E1 (2 ] 1E 9~ PO, 0G %) 5

RS EMERBR O % Fig 11a (2R, PO, 06 [ MC3T3-EL ([SHME EM 2R S Ao
77

ALP Yt DfER %A Fig 11b 127897, 0.01 mM @ PO, 0G 1 MC3T3-E1 ¢ ALP Yt 2 4 2
RN S iz,

Von Kossa Yo DfE Fe A Fig 12 (289, 0.01 mM o PO, 0G FRANC L 0 A R AL i oo i s/
FIRACKEE OB 2 SRR U7z,
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3T =T IEOF, W, B, B IS AAHET DMIANEE 2 s EO 1 o

Thd, a7 =T VEIZEORTFRENLRHDA—N—T 7 I =&ML TN D 2%, 2

OFTTHRNTE, B, g LT FELTWS, 18laT—4 33 K8 6FEADVE

W (A= "=~V v 7 2)ZER L, D7 I JBEINL 3 DOT I /BRI &Iizr7) v

(Gly) &% Gly—X-Y OV IR LEFZ L CW\Wb, Xizix7 e o (Pro), YIZIX Pro 2’k K

1 % UL E 4Lz Hyp @ [Gly-Pro-Hyp] Ot 0 K LESIZ L < HATWVD Z L BFHETH

5%z iEe o T =AU R Y R_RTF R 1 AT Gly-X-Y 2360 » TV, £

DWW PO BLFIIZ 49 % FT, 06 BAHIE 127  FHFES D, £z, 27 —F7 i3Mlast g » oo

7B & LTl & AR O BRI ATALE L, MRk O TEREMERT 36 K OHERRR O R 2 TR 92

Fr72 5, MRAEEER 72 LIcfifa s 7 Wc B LT g %729,

Z ZCAMIE TIIIC S SFHEL, BRE#H O 2 R 7 BRI SO TEKRNTE

HERTHEEZOND AT =L OXTFRTHLPOBLOGIZER LT, ZETIZ

HeATEER & L C Nakatani & P&~ v AR RIERECE ML ATDCS Z FHV > PO 23580 filim o

b ET 5 Z &, SHIC P ZiERERS o~ U X2 PO 28 T 5 &, BEIRE DL

Pzl U, BIEECE N E OB RES MR SN D Z e AME L7 ¥, ZOH T Nakatani

5% PO 23R MR EEEE X T Tk Tv e UERE A RE L, CE IR O M Ol T A

MHL, SHEOMIICBIER L TV D AREA R LT D ¥, Fiz, W D00

TIL 0G 2328 DAVEIRI A2 2 WREMESC T » M IGEWRIGEFL TO 06 /o fif i #KHTrE A

FWZ ERRESNTND 59, oK ad—rr o Thsras—r 0 _7F
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RIZBIL TIET 2/ ROBRE Tid/e <, BRI~ TF FESIN Y 7T UnEs + & LT, %

R AR LZ A L TV D AREMEDNE W ERHLNER-oTE L, £ 2 TAMH, 215

Do+ IVE DIEERE (2> 7 T o+ & UTERT 2 ATREMEIC W TR L 72,

Pi Z i@ EIEECS 5 &, PTH O 43 Wwe2s Lt U TR ~0 Pi gtk L 0 /oo Pi 2 %4 IE 5

FPHICHER T 2R AL T 2 0, £ 2 THIDIC~ 7 ZITB W T Pi @RIEBHRSME T To

MAERE~— —ZRE LT, T OHEE, Normal #f & Bk U T Pi 8FHEHELD Control £

Tl PTH IRE O EF N O Hiviz, —J7, Control B, PO #, 0G #E CO I Ca A, I

1E Pi JEBE, ALP V5, PTH B ICBEE 23813380 e o 1= (Fig 1), 2D Z &1, fid o Ca

PRIESC Pi P, PTH 72 & OB TS R V£ U IRIEICE B LS 525 2 L 72 < PO, 0G A3EE)

FRCAR AU E R 2 MIE LT 5 rTRENEZ 7RI LTV 5, 1 Pi & B P R ke

EEF )L 2% HNEERRICEBWT, PO, 06 1ZF~ 7 ADIKT L= B8, B0k

& & B s b OEITHIRISE OB REdeE R 2w Lz (Fig 2~6), £72, Pi iSRRI &

2 Fil} F AR A3 358 0D A PR AV FE DA T 0B 2 DI 12 & B B o e85 ki PO, 06 D H

WEVARBICHE LD LN~ T A NG Z2 W28 X ERSo u CT Ofiftr L 0 A L 7= (Fig

7,8), &b, THE OBUKGI A EAITHMRAAIRHEIC L0 Pi RIS T IS E OF

BN 5 D3, PO, 06 ORI LV ET HiERN/EG L7 Fig 9), ZOFEHIE PO, 0G

AR AR 7R © DN ESARE P O M 2 TEMAL S EE OV £ 7 U U 7 ZFFE L TV 2 ATREE

NIRE X Tz,

—77,P0,06 12 &%~ U 2D BREEFRENIC XIETEHNHEEE R T ORI OV TIEDH

T LX< o TV, F Z TRIZF 4 1Z PO, 06 Z 4B HL S -7- C57BL/6] [k~ 7 2 DK
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JRE B BEAIAEN S RNA Z A L, DNA v 4 7 a7 L —% AT, ‘B EHIC BE T 5 8 a1

DONWTHE LTz, FORE, Table 3127”1 X 912, P0 & 06 1% Fgr2=e Msxl, Has3 7% & D%

AR LT=2%, Vdr, Rankl % O3B 20| U7-, 06 1L & BT Esrl, Rank, Bup2, Ctsk 72 £ %

I L7z, ZORRIZ PO & 06 23 35l ds K OB #iAa o> s (L i | B RE RO E1 2 15 U

HEERNFTHL AL RRL TS, TITELICHA T~ T ARRE B & OIEHE

OB Z TR U, in vitro DFEBRFZIZT PO & 06 DIEAEZWRE LT-, #DOF5E, PO

VLB BE AR > TRAP JEME 2 (IR0 L7228, 06 133 L7= (Fig 10), Z Of5E 51X PO 25k

MDA B 2R E 2 R LT D et 2 Mg L~V CRE L7 b D LB R D, —

05, BRI RET o0 a T = o UANTF ROZRERRET 572012, 5% T

EHENE MC3T3-E1 e & SEBR I fk U, MM, ALP V&M, A RALTEMEIZ OV TG L=,

Z OFEF, PO & 0G 1% MC3T3-E1 AT % U C RS ME ORI BE5IE 2 7R 72 0o 7228, ALP

TEPE DA IKAVIEME 2 /RT3 2 & NGEH & 472 (Fig 11, 12), ZAUE PO & 0G A3 MC3T3-El

DAPRIEA~D S 2Rt S5 Z & 2R L TV D, LU EDRERNG, 27 =7 o~

F FT&H 2% PO ITATEEALH M & BiISEE 2 o Ma o (LARELE M, 06 13 24 & Ol Rk

BRI E~OEHIVE &8 2 s efe A E IS K- TERE 2 ET LRk OMERr S

HELRERZRIZLTWDEERZDND,

BAT OB s, B0 T K b — o PRI £ 5 BRIUCEER b L2235

HLTWD ZEBHLNTR>TEIZ M, o T, FURR L2 R 2 LR 7 BN Sy

fEX, AR RO bz 80 U, BEFla 0 b2 T4 5 2 LI XY, BEA FLAD

HENR AR D WTREMEN B 2 BN D, IilT, 74 BEHK = T — 57 K G ERER T D
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Hyp <0 Pro, Gly IZHUBB(LEN R RO LD Z & BNlE S *7, Z OFERIL PO, 06 OF AR

A DO — BN L By 7 ARXA N =X LG LTV D AR B2 bz, £ Z,

ERERICE BN B PO, 06 OFURALIEM 231~ 2 2 & 3B D 5,

Moskowi tz*® | ZHISK L~ U KERL U 72 20 T — 7 IR 45 i 2 96 B B U 7= 28 T B i

R HRIEBE OB OR REME L2 2A, 7r ) VEMAEET 2 X0 &0

KGFED DR BIZER LT NI LT 2T =T OBEER DN L2 E LTS,

F72,Wu b I Ca RZRREIZBIT D27 —F 0 _XTF ROKABIRAERH IV THFI

N RAERTZEEZMEL TS, ZNLD0HAITa T —F o _XTF RRERFHIBNT

ey

FERERVR BN 2 U, B AEER B O PR L BB ICHF T 2 et a R L T D,

— 7, W RHEFR I B W TR AR5 5 IO A AR S 36 1T 2 BRI TA 0o & SR
DEBAEFELER EOBAERRICERIZEE L TWD, LA LRR L, 2T b OIFFRIER
B E Ty A~BEEZETZERMON TV D, a7 =57 3E, i, BEHER & D
MRS REE O EBER YOO EDTH Y, ZONTNLAE L aT—F U7 F RidAR
~OFEFEERR D72 S BRIMEN TE D FTREMEN S 2 LD, BITE, Fx 13 PO, 06 DB H#H
BE S s - EL AR S0 SR, R MR~ D L 7 & O JEREEBR O I A B PRI
MCmiF e Z22 257 V8 E W ERAZED TV D, ZAE ClAMER CIIR A s
% Z & DRI T2 PO, 06 2358F AHEIIC K 0 B HRBO FRIES 5 WITTEFIEDBRRE~EN D

ZENHIFE NS,
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a7 =7 VRTF FOFREE L OEMKICEZ DB OVWTHLNIT 5720

12, Pi ZIBEAEI Y72 in vivo~ T AET VB I in vitro 2B 5~ 7 A B EiH Sl

B, B MRS PO & 0G DRRICOWTHET L, LLFORER 2157,

1. PO, 0OGfEH~ v AD LHE R~ — 1 —ToH 5 Ca 2 JE° TRAP IEMEIC 2 TR D R o 72,

2. PO, 0G #EHi~ 7 A DOEZ 51X Control BRI L CTHEBRESCF RO INZRDT-, 3 M

70 TR T Control BEIZHl LT PO & 0 OOl J7 T e KAKIT A, M= 3 L — Dk

BRI,

3. C57BL/6] ~ 7 AWl IL T v 7 AR E % T Normal BEIZ LT Control B CTHIFIHAR

IR FRIek DB NE D TLHEC A IRALEE DK T, WK B 7 ECH R OIE#E(LZ78 7=, PO & 0G

TENS ZUELT,

4, C57BL/6] <~ 7 2 KRB B BEMIAIZI 1T 5 DNA <1 7 a7 L—fRAT T PO IZ Htr2b DFEL

PEHE L7-, PO & 0G I Fef2=° Msxl, Has3 DIBLAALHE LU=, Vdr, Rankl 230 L7T-,

GIX X BT Esrl, Rank, Bmp2, Ctsk %3 L7,

5. ddY = 7 A B #EHIIE 2 O T E AT BGCR C PO 1 TRAP Btk 2 %M a4 & 5 Hi i

EEAWMESE-, LL,06IEENSZRD SHT-,

6. ¥ 7 AE MR MC3T3-EL AHAAIZ 33U NT, PO & 0G X MC3T3-E1 @ ALP #&ME & A IR LAk

D/ A KALAEE OB AN ST,

IEDFERNG, 2T =07 P _XTF R THLD PO ITME MM, B 2 Mo o (b EErE

1, 06 (A MU O Sy AL EHIE R &8 2R s e IS & - TE AR 2 d98 L, &
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Figure Legends

Fig 1. Effect of oral administration with Pro-Hyp (PO), Hyp—Gly (0G) on bone metabolism

markers in mice. Mice were fed with normal diet(normal) or Pi excess diet containing

none (control) or 0.3 % Pro—Hyp (PO)or 0.3 % Hyp—-Gly (0G) for 3 weeks. Thereafter, the

venous blood was collected and measured serum Ca concentration(a), serum P

concentration(b), serum biochemistry ALP activity(c), serum TRAP activity(d), serum

PTH concentration(e). Each bar is presented as the means & SD for each group of five

mices. *p<0. 05 (vs Normal) using Student’ s t-test

Fig 2. Effect of Pro-Hyp(PO)and Hyp—Gly(0G) on mouse femoval bone density.

Mice were fed and treated as described in Fig 1, and the bone density of the

selected slice specimens( spongy BMD 80 slices line chart(a), subchondral bone (17

slice) (b), primary spongy bone (25 slice) (¢), secondary spongy bone (37 slice) (d))

were measured by use of peripheral quantitative computed tomography. Each bar is

presented as the means £ SD for each group of four mices. *p<0.05 (vs Normal) using

Student’ s t-test

Fig 3. Effect of Pro-Hyp(PO) and Hyp-Gly(0G) on cortical bone density in the mouse

femoral bone. Mice were fed with diets containing either 0.3 % Pro—Hyp (PO) or 0.3 %

Hyp-Gly (0G) for 3 weeks. Thereafter, their femoral bones were collected and sliced.
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Then, the each cortical bone density of the selected slice specimens( cortical BMD

80 slices line chart (a), subchondral bone (17 slice) (b), epiphyseal cortical bone

(25 slice) (c), shaft cortical bone (37 slice) (d)) were measured by use of

quantitative computed tomography. Each bar is presented as the means £ SD for each

group of four mices. *p<0.05 (vs Normal) using Student’ s t—test

Fig 4. Effect of Pro-Hyp(PO) and Hyp—-Gly(0G) on bone strength in the mouse femoral

bone. Mice were fed with diets containing either 0. 3 % Pro—Hyp (PO) or 0. 3 % Hyp-Gly (0G)

for 3 weeks. Thereafter, their femoral bones were collected, and then, the bone

strengths peak point(a), yvield energy(b) were measured by use of performance

evaluation test device. Mice were fed with diets containing either 0.3 % Pro—Hyp (PO)

or 0.3% Hyp—Gly(0G) for 3 weeks. Each bar is presented as the means & SD for each

group of four mices. *p<0.05 (vs Normal) using Student’ s t—test

Fig 5. Effect of Pro-Hyp(PO) and Hyp-Gly(0G) on mouse trabecular bone structure

Mice were fed with diets containing either 0.3 % Pro-Hyp(PO) or 0.3 % Hyp-Gly (0G)

for 3 weeks. Thereafter, the tibial bones were collected, and then, these bones were

fixed, dried, and examined the three—dimensional images by benchtop u —CT scanner.

Photographs representative of the typical results found for each group (n=5) are

shown.
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Fig 6. Histological findings of the proximal tibias on the Pro—Hyp (PO) and Hyp—-Gly (0G)

treated phosphorus—induced bone loss mice

Mice were fed diets containing either 0.3 % Pro-Hyp(PO) or 0.3 % Hyp-Gly (0G) for 3

weeks. Thereafter, the tibial bones were collected, created a paraffin section, and

stained by Hematoxilin—-Eosin. Photographs representative of the typical results

found for each group (n=5) are shown.

Fig 7. Effect of Pro-Hyp(PO) and Hyp-Gly(0G) on calcification of jawbone in the

phosphorus—induced bone loss mice. Mice were fed diets containing either 0.3 %

Pro-Hyp (PO) or 0. 3 % Hyp—Gly (0G) for 3 weeks. Thereafter, the jawbones were collected,

and then, these bones were fixed, dried, and analised by soft X-ray imaging. Premolar

root bifurcation area shown by a dotted line in an X-ray image of the mouse jawbone

(a). The graph was made inside the dotted line based on numerical values obtained

using Image J (b). Photographs representative of typical results for each group (n=b)

are shown.

Fig 8. Effects of Pro-Hyp(PO) and Hyp—-Gly(0G) on mouse jawbone structure.

Mice were fed diets containing either 0.3 % Pro—Hyp(PO) or 0.3 % Hyp-Gly(0G) for 3

weeks. Thereafter, the jawbones were collected, and then, these bones were fixed,

dried, and examined three-dimensional trabecular bone structure imagings by benchtop
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1 —CT scanner. Photographs representative of the typical results for each group (n=b)

are shown.

Fig 9. Histological evaluation of Pro—Hyp(PO) and Hyp-Gly(0G) on mouse jawbone

structure. Mice were fed diets containing either 0.3 % Pro—Hyp(PO) or 0.3 %

Hyp-Gly (0G) for 3 weeks. Thereafter, their jawbone were collected, created a parafin

section, and stained by Hematoxilin—Fosin. The specimens were observed by optical

microscope. Photographs representative of the typical results for each group (n=3)

are shown.

Fig 10. Effect of Pro-Hyp(PO) and Hyp-Gly(0G) on the number of multinuclear

TRAP-positive osteoclast. Bone marrow cells were first pre—treated with RANKL (10

ng/mL) for the indicated hours, and then treated without or with 1 mM Pro-Hyp (PO)

or Hyp—Gly(0G) until 84 h after the start of RANKL addition. The cells were fixed

and stained. TRAP positive multinucleated cells were counted under optical microscope.

The deta were expressed the number of osteoclast(a), mesh of osteoclast and(b), and

microscopical image of osteoclasts(c)

Fig 11. Effect of Pro-Hyp(PO) and Hyp-Gly(0G) on the growth and ALP activity of

MC3T3-El cells. Cells were treated for 3 days without or with 0.1 mM Pro—Hyp (PO) or

37



Hyp-Gly(0G), and then viable cell number were accessed by cell cunting kit (a). ALP

stain(b) and microscope image of the ALP stain(c) were performed according to the

materials and methods.

Fig 12. Effect of Pro—Hyp(PO) and Hyp-Gly(0G) on the calcification activity of

MC3T3-El. The cells were treated with on without either 0.01 mM Pro-Hyp(PO) or

Hyp—Gly (0G) for 14 days, and Von Kossa stain(a) and microscope image of the Von Kossa

stain(b) were performed according to the materials and methods
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Table 1. Composition of the experimental diets

B Bk

Normal Control PO OG
Caseinl5% 15.00 15.00 15.00 15.00
Gluten5% 5.00 5.00 4.70 4.70
Lard 5.83 5.83 5.83 5.83
Corn oil 1.17 1.17 1.17 1.17
AIN-93G Mineral mix 3.50 3.50 3.50 3.50
AIN-93 Vitamin mix 1.00 1.00 1.00 1.00
Sucrose 10.00 10.00 10.00 10.00
Cornstarch 53.20 47.30 47.30 47.30
Cellulose 5.00 5.00 5.00 5.00
L-Cystine 0.30 0.30 0.30 0.30
KH,PO, — 5.90 5.90 5.90
Pro-Hyp (PO) — — 0.30 —
Hyp-Gly (OG) — — — 0.30
Amount of the total phosphorus
Pi 0.15 1.5 1.5 1.5
g/ 100g

X
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Table 2. Effect of Pro-Hyp, Hyp-Gly on initial and final body weight in mice

Normal Control PO oG
Body weight (g)
Initial 25.6+0.4 25.4+0.5 25.3+0.5 25.2+0.6
Final 27.2+2.0 24.7+1.0" 24.4%+1.0" 24.5+09"

Data are expressed as means=SD(n=5). *p<0.05
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Table 3. Differentially regulated genes by Pro-Hyp and Hyp-Gly in mice

Fold change

Synbol Name C/N PO/C 0G/C

Vadr vitamin D receptor 2.2 0.7 0.3
Runk/ receptor activator of nuclear factor—« B ligand 1.7 0.7 0.5
Esrl estrogen receptor 1 1.6 0.8 0.7
Runk receptor activator of nuclear factor-x B 1.9 0.8 0.3
Bmp2 bone morphogenetic protein 2 20 0.8 0.3
Ctsk cathepsin K 3.1 0.8 0.3
Fgf? fibroblast growth factor 2 0.2 41 9.1
Has3 hyaluronan synthase 3 0.2 2.3 2.3
MsxT homeo box, msh—like 1 0.7 2.8 40
Htrob 5-hydroxytryptamine(serotonin)receptor 2B 0.6 1.8 0.9
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