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Abbreviations

CCX cecectomized

CPP casein phosphopeptide

EDTA ethylenediamine -N,N,N’,N’- tetraacetic acid

EGTA ethyleneglycol —bis (8 -aminoethyl ether) -N,N,N’,N'- tetraacetic
acid

G-6-P glucose-6-phosphate

GGH guar gum hydrolysate

HPLC high performance liquid chromatograpy

NMR nuclear magnetic resonance

OVX ovariectomized

P-GGH phosphorylated GGH
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ANS O LlE, 1.4~22%E S XSNDRTREEEFCZCEEFNTEN . ZD 99%[
USBANLS Y AORETERPICHEEL., BOMMRE EEITHRREDE FOFZTNTA
h (Ca,(PO)s(OH),) & LTEBDBEIZFEELTWS (1-8)s AT IANFTRIIHFET
Z2EICENBIITEC . B, REEXZ DI ENTREERD, BIZHL DD LDR
BER2LICLNBBEMEC D BEMBEE L > TWSBHEBELR EORRNEI Sk
TAND, £EALIHLDOED 1%EMBPHEECIHELTND, MBPOHILZ T L
SBRE(T 10 mo/dl BIEICIRENTHS D . CORENEET S I LITL D {EL DEFMEEIC
BEEXET, ChEBCEOBEREBRENRI S, CAICEBEIRRIRFLES R
RIEHRILESDALY N UNERNICEHNT WS, &5 ([ZHIAODL S Y LRERL.
BADURME & 8. MRRE. iR mE. SAEOMERZ . BRNFREER
A DMBEERIBICEE LTS, COLS CEE, EHHRFICE>THIL I VLRBER

ARBITAERTH Do

Tld. BRIZBFZHILS Y LDOBERRRIZES THEZ 5. BEEDORRT S ER
sagsmacEm | (- 20 TR 10EECHVT. BEA 1 AHLH OFFEEEXBMET 609
mg. Xt T 612mg THZDIZx L. FHFRERIZBMT 96%. KMET 90% T LA,
K (T D 15~19 BT 73%. 20~29 BT 78%. 30~39 X T 80% & XS <AL TW
2. FECBHETE 156~39 BT 85~89% Th b, ZDHIZ MAR) LEHLNZHRAIC
BWTEHILS Y AOEBRTARILRLAMETH S, COLIBRANLSVATEERS
AL D LAQEFREOTTIE TBHEEE) 25 SRITREL AR L BT, AIRTER

RESHERLESOT YINS VR FERT 5, CORMBORRICIE. BEEZEITELTIC

2




HOIRNEDIT BRALIVILAREEPT I ENRLEETH S, HATEFM, 5F
WM BEE. MNAREHSALTY Y LAEEBERTZIENEND BROIIERIZED I
S LEADDEC ., FEIOBRAMBETIIALS Y LOFBRMEVEZD. oD
SOANT Y LBREFTIF+2THS, vADE. BREAEFEZEZ S LT D
S LADBRELEPTEFTEAR L, £ENALVFBLPTVWETERYT 5 2 &HKY]

THhbdo

ZZTHLY Y LAORRIZOVWTEHECMATE o RIFODIL D D ARIKENTE
T, BRINEALYOLZBTTARLEIN, NETRREINZ, BEOFRHTIE. X
BOBSEZEVNEEZISNT WS, NBETORIRIE. NBLEE (+28R8) TIEEELT
CENEE . TE (ERR) TIXZEMZES AT LANBNT LS, ZORIRIZERL TIKERS
NEBEUTHDEVWSMEELRONH S (4,5). BEICHIFTZHIL LD LADORIIE, #4~
AMBICEEES I TND, FIZIE. SEHREES IO DILBEECH T 2MEREE. R
BEOES IS LTV (4-6), ZhUANCEET LD (7). 7 T4 (89). U
SEMbA ) J8E (10). At A >HRRRRTF R (CPP) (11-14) BENHIL S D LDR
RNAEMEE LTHITF oD, BICRREIHTEMEE LT, 74 F VB (1516), ¥

SamEg (17). V> (18) RrEhHREINT LS,

—F . BYREIZAKIISVWTHELERRENAVEDIZERERE LTOAT I —(C

EVEISEA N T E. LA LERFY v UE, RETENETZAIIETRMRESR

+Zz b hT W, 7= Walker (19) (@7 7 U A TOMEH 5 RERIC ORER




B, BIRELENDRWERE LT, KB - BlHORBIIHZEL LTS, 5[
Cleave (20) [Z¥EEURKILMBSDIERB L OIRFE B ES < DFEFRERFORETH 5
YERLTWD, —H. BERTHEE., BEORKIZL o> T, RYHEHEDORIRENBD
L. COERFRETEHNTUS (21-25), FKERREDOFER DI & RVEH DR
REHNEOHEMMEATT CEREIATHE N, BE. E < ORBOFHICRWERHED

EERKREERELTVS LEDREIRINT S,

RS BIZHIL DY LAORIRICHY 2 BYEMEEROZECE L TIE B COH
ERBINTVEN. ZORREE. DL ALARREEET S (2627). EEZS5Z2R2L)
(28-31). DI LARNEIFITZ (32-35) LHEALATHD. CNOBROERIE. ]
RIBERYEBHEOMEOERICERTSEEZ 5N %,

WUHEETOINE TORRICENT. BEHEERRICLS I X ZLOFMAECRELT
FEEMLERNS < (36-39). HITKBURMEH TH S U7 H LASERY (GGH)
ZONWTZ L DHBENEEINT D, GGH [FEX & LTERRBOHER. KEBTODIL
SOLRNEFETIEEZLONT WS,

ALY LARINEEET 2WE L LTIEFSRO CPP A1 5 h T 3 At (11-14,40).
CPP [ ZDRFHZBEHETBHRARE Y U 3~4 R FEF o THME>TVD ) VBREY
S2H—PINBTFEBTOAILS YLD PEERAERELE L. RIREQPTVELKEDZ

LrE DALY LADORREFETEEEDNTIS (41-43),

MEL b ALY LARRERET ZFHRBRFEM & L TKAERYEEDOEAMEE



ZHL. CORYBHIZ) CEEAEALTY VBEISR Y —&FERT S I ENEHEN
(£. CPP D#RIZAHILSHLDY) VEIEFRAAEILE L. NBETEHTORREREEDH S L
7. BYEBHEDNTRIE > TLEREBMEICL Y KB TORRDFTEER. S 5(2KAER

A DR DB EA R E OB LA TE 2 B 2 12,

ChoEREZ. AR TIE GGH ([ FECELD ) VEEEZZEA L. in vitro TD
JYUBANS Y LATERIEEREETFARZ EEEIZ. Sy MNMZLB invivo TOALS D LR

INFEREDEE. IS(ICIEBEBEL DALYV ARENERE R ZRFBDOFH - =

DEIREMICDVTHIRT 2 T &2 BrRIE Lz,
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2—1 SEERE}W

ERIZIFARTRTIL Y —#4RXEtt L DBA L= Sprague-Dawley (SD) RDEZ v b
RISy hEAWE, Sy MIERDRTF LA - TRB LE, ABEIE. Em
23+1°C, JEE 60, BREZAE L, fARIBEHFLLWEDEESZ . KIX3 HIZ 1 EIER
n&zl, PL—DHERKIZ2BIC1EBIERVEZ .

COMREIL. (B EXFHMEREZES | (CL>TERABIh. TILBEXRFICEITSE

MRERIZRIT BI88T ([ZTE> TRREMMZIT o120

2—2 fAK

ZREfRRl (25% Casein diet) d)?ﬁEE}ZE Table 2-1 (2R L. FEREFRZIERT D
BIBERAIRIALYIO.TRXILI20,.EY IV OREEYOIEMZ Table 2-2~2-4
TR L. RBRABOERICDOVTIEZERERICLINVELDIDTZDDERERT %, B8,
RRIFROERITE LTI 25 LB ToBEEA L\, HIEE 4 NEBERTIHF

Lz, BRIBKTEREIT T UL,

2—3 HiniEREARE R DIRE
ZFVL R =D TFIZALYS YL ESERWME (5<KHEB LS ;373) ERE.
BT 2 3 AROBAEER U, IRERRUAZEIIR (1=/%v ¥ B4 ; £EEHEH) (TAN.

40°C T kS L= 1%, 24 B5RSH{EE21E (FREEZE DRYER VD-80 ; TAITEC) L7z,

| 2—4 fEE)

1) RRER




50 mg/ml DR RINILES —ILF MU S LOBKR (RO 75 —ILiESH ; KEEARRE)

DEEIER%S (0.08 ml/100 g body weight) TiT27=0

2 ) ¥
BAESES (21 GX3/4; FILE) #BVWTHEEBABIRN SIRM Lz, KA T THREL
f=#%. 3,000 rpm (05PR-22 ; i Ti¥%) T109RIELDB L, MiFETYRYFa—

7 MCFa—-7:Y—R) [ZBL. P ETA0°CTHREREFEL 2o

3) ERB

BEICAELTVRREBERV GV LE. 2EERERE, KL TEBATNZEER
Bk (0.9%EILF kU W AKER) THEWE L. DT X T-40°CTHRERTF L 2o TDE.
BIODWERDARKDEFLAIAINEANTIERD . BEEEAELE, Ab. AHE.
TLIHRANLTAR. REZEPTHEAEGEI L. 40°CO7 ) —F-TREFL. &E.

BRLTHRAMERNELTEE L Z R0,

4) CIR - 585

bk, SEEE80E. ARYIIEERIEK (FREF1I0mMUATELE) ZANT
SRHF1—7 CRERLERE Y Y ; REFgsH) (CRERL. 27 & T-A0°CTRERTE L,
APEET. 48 ES6EOERRICHVTIZEBRFEH 5 10 cm. FESEDRERICH

WTIREB2AZREL . PTICAVE,.

5) KEE&E




EXRREER(LIRRE. SHRIEKkESFEEF LA T TEEEH . R (2 Z/Vv Y B4
SERAL) AN, 4°CTARREL. ZEBREANERE LTANIZAWZ, BXER
Bl3iEERE. 8 (1=/%v Y B-4) TANDITETA0°CTHREREFEL., BRHRZESEL I

*ZINDRERE LTHMITAWE,

2—5 SWAE
1) SXRZILSBH

ZRTAPWMICFERTZH[EOTARTIIMBELTNE IR L ETREIIHRET SO,
FERICBLTHMI RS IANEBEITo R, HiklL 4 NEEEROA o LKER THERZEZ AT
L. ZO®EEZBKTS5E. BHEXTIETTUVE, L L. 4 NBERRICL > TENBEED

BIZ2EFNOHZEREDBFEZFICIOVNTIX. HEKEFBKTDUNEDH Z1T2 2,

O MmEhhIL> D LBEDRIE
RERELTRVWLEMLBEEKATTCEEREL. FL — MFE&IE (o-cresolphthalein
complexone %) [Z 8-hydroxyquinoline % RN d 2 Zik (44,45) (o AL D LAIE

Fyh (ALSHALAC—FRAIMNDO— ; MAitE) 212 A7 - ILTERLTRZELE,

QEFHIL DY LBEDRIE

BIESIRREELTHWEY Y 7L BB L ILETHD <R, 9 0.1 g =55
L. tEED 30 ml UL (BED ) SHBREAN. #ACIER (16 N fHER : 6N J&iR
EE=3:1 (volume)) ¥ 5 ml 5a—#(CANhTE—T 1 > 770w o TERARIELE,

EETHSE 0 INIEET15mMIZXRT v 7 LTE#R,ZDFERRE 0.5ml &£ 50,000 ppm

9




BILR N OYF S LEMK 05 ml, 0.1 N IEEE 4 ml &2EE - L TRERFRADHALER

(AAB400F ; BiZEUEAT) THIL D D LIRERBIE Lo

QHBILERBRMARDAIL S D LAIE

BREEELTHVWET 7L ARV FERBREEZAVT 15 ml (EBE. &hE) FEE
20 ml (ERB) ITARTZ Y7 L. ThaKREIRY—F— (EYELA, MINI D.C. STIRRER
MDC-S. RmEB{baam) THREI 4 X LT,
a) BhILSYLE

RESFAZLEY LT 1m&E30m BEVGEHBE AN, BEEHNS mlDE
BEMZ TERRIL LE. KA. 0.1 NIEBET 15 m [ZXRT7 w7 Lk, Z0iE®& 1 ml
(2 0.1 Ni5E 3.5 ml & 50,000 ppm (LR hO>F D LAR 05 m AR T, RFRHAD
HNEHATHLSOLREZRE Lz,
b) aiahIL IO ALE

RESFAZLEY L TILH 5 ml & 098 (15,000 rpm, 10 3, 4°C) L7z, 2D
5 1.25 ml (2 0.1 NHEEE 1.25 ml & 1 NBIEZRE (10,000 ppmE(LR OV FVLER
£) 25 ml HMZT—MKEL. BH. HE. F098 (3,000rpm, 15 53) Lk,
D& 1ml(z0.1 N iEEs 3.5ml & 50,000 ppm B O > F D LBKRO0Sml ZNZ T,

RFRAEDHNEHATHIL IV LRERRAE L,

@DEKRBFRDI D D LREDRIE

BERELTHVEY Y T A FEEE L, Z0% 30 m B2 DT EEEBRE(CE AR

B1AL®EE. BRI 5 m &#INZ TERKIL Lz, BIBTHISHE. 0.1 NIEERT 15 ml (Z
10




ART v T L. COFRMKSOul &£ 0.1 N iEEE 4.45 ml. 50,000 ppm E{ILA O F D

LAR 05 m ZEA L TRFRADHAEHTALS VLAREZME LT,

OREBREVEIFRDHIL > D LS

SHERAIRI 1 g EFBFEL 5OMI DX XTS5 RICAN, 0.1 NIBERTART w7 LTz, 5~
10 DRBERNEB L%, ZOA®K25 ml (21 NBIEZEE (10,000 ppm gL O F
YLRRE) 25 m AR THEMEE., —BKELE., BEE LS8 (3,000 rpm, 10 53)
Di%. & 0.5 ml (250,000 ppm E{L R kO > F 5 LJARK 0.45 ml & 0.1 NiEER 4.05 ml

EMATHEULE, COEBRONIL S D LBEERFRADLEEITEIDRAE L,

2) BILERABRYD pH DRIE
REYF 4 X UEELBEARY A B 0S8 (3,000 rpm, 109) LE#E. 2D LBZEX

A TF. pH X =% — (HM-50V. &4k : GST-5421C ; RBEEIRTX) (CTAE L,

3) BREAIE
EARRE % FRESIIRiERES (AGS-500A ; Bi2BEFr. % 4 EICHER) LT A -
% — (RE-3305; ¥V 7>, % 5. 6 EZFEMA) aAVWTRHE L, MERFTIRDEY
& Lkd
AGS-500A : O— K+l 500 kgf (SBL-500K-350)
O—RkL>Y 20

TS5y —RAE— K 10 mm/min

RE-3305: O-— Kt/ 20 kdf




72Ty —AE—FK 0.5mm/sec

4) BIEBERBYH DIEEIERHER = DRIE

RESHA ZUEBEERARY 1 m ETyx>Fa—TIZAN. EBIZASRENE
LTH OB 200wl HINZTHELE, EO28 (15,000 rpm, 10 &, 4°C) L%
. EBE1mE12mO) ATEBRECAN. 200FRLAEHI mMZL. BT Y
H2ATHUCHERUTEHEOEBEAYE /0O RILLABIIBITIEZ, ZOERS SITE
0Bt (3,000 rpm, 105, 4°C) L=,

FEHWOSMAETYRFa1—T(ZHE L. ThE-40°CTHEE L (10 HMLTLL ),
FZO®EBREL, EL2E (15,000 rpm. 10 9. 4°C) L7=&. LiFH 200l Z/\1 7 )L

ZANT. ®&#EI O NI Z574— (HPLC) THIT L,

5) T—HYDEWEE
OEMNMFDODL S D ARIREDE L
Apparent Calcium Absorption (%) =
100 % [(Ca intake —Ca excretion in feces) / (Caintake)]
Ca intake : HiREHERAARIR D Ca RERE (mg)

Ca excretion : HiRHEREARI R DEAH Ca € (mg)

@O LELB{LRDEL
Solubility of calcium in the ileal (or cecal or colonic) contents (%) =

100X [(soluble calcium in the ileal (or cecal or colonic) contents) / (total

12




calcium in the ileal (or cecal or colonic) contents) ]
soluble calcium : AW FOEBEMED LS v LE (mg)

total calcium : EREMHDHBHIL Y Y LE (mg)

6) T— 4% DIETALIRIE
2TOREIEBIZOVWT.. 98 9H (analysis of variance, ANOVA) TIRER. #fH

ML &% Duncan’s Multiple Range Test (46) &AW THBEK#5% (P <0.05) TRE L

1Zo

13




Table 2-1 Composition of basal diet (25% Casein diet)

/1kg diet

Casein’ 250 g
Sucrose 645 g
Corn oil? 50 g
Mineral mixture, Macro®* 38¢g
Mineral mixture, Micro®® 29
Vitamin mixture® 10 g
Vitamin E granule’ 19
Choline bitartrate 49

e

o O S

. Lactic Casein (ALACID™ ; New Zealand Dairy Board, Wellington, New Zealand)
. Mixed with 0.2 ml of Chocola A (Eisai Co., Tokyo) which contained retinyl

palmitate and 0.05 ml of Chocola D (Eisai Co., Tokyo) which contained
ergocalciferol to provide 6,000 |U and 800 IU, respectively, just prior to
preparing the diet.

. The mineral mixture was prepared based on the AIN-76 Workshop held in 1989

(47).

. This composition showed in Table 2-2.
. This composition showed in Table 2-3.
. The vitamin mixture was prepared in accordance with the AIN-76 mixture (48)

except that menadione (49) and L-ascorbic acid (50) were adjusted to 1 and 50
mg/kg diet, respectively. This composition showed in Table 2-4.

. Juvela granule (Eisai Co., Tokyo) which contained 200 mg of DL- a -tocopherol

acetate per gram.




Table 2-2 Composition of mineral mixture (macro)'

/1kg mixture
KIO3 0.014 g
CuS04-5H20 0.62 g
MnSO4-5H20 1.15 ¢
Zn(NO3)2-6H20 416 g
CaHPO4:2H20 431g
Fe(CeHs07)-7H20 16.64 g
MgSO4-7H20 100.08 g
NaCl 237.28 g
CaCOs 292.63 g
KH2PO4 343.129g

Table 2-3 Composition of mineral mixture (micro)’

/1 009 mixture

Na2SeOs3 21.90 mg
NH4VOs3 28.70 mg
Co(CH3CO00)2-4H20 42.27 mg
SnS0O4 95.02 mg
Na2MoO4-2H20 126.09 mg
CrCl3-6H20 128.11 mg
NiCl2-6H20 202.50 mg
Na2HAsO4-7H20 208.22 mg
Na2B40O7-10H20 220.50 mg
NaF 300.55 mg
Na2SiO3-9H20 10,119.10 mg

NaCl 88,507.04 mg




Table 2-4 Composition of vitamin mixture'

/1kg mixture
L-Ascorbic acid (V.C) 5,000 mg
Nicotinic acid (Niacin) 3,000 mg
Calcium pantothenate 1,600 mg
Pyridoxine hydrochloride (V.B6) 700 mg
Thiamine hydrochloride (V.B1) 600 mg
Riboflabin (V.B2) 600 mg
Folic acid 200 mg
2-Methyl-1,4-naphtoquinone (V.K3) 100 mg
D-Biotin (V.H) 20 mg
Cyanocobalamine (V.B12) 1 mg
Sucrose’® to make 1Kkg

1. Sucrose UANZL THAHERITEMKASMHOHAFEEZAR WL

2. BREHEERERART




FIE

AR RMEED Y VBB KT
in vitro (28 |7 2 8Bt DIRET




3—1 B®

ALY ARNEEETZREHEDE LTIZ CPP KMI5NTWS, CPP (FELY >/YD
BTHIHEA COMLBETERIN. 2FFROEY O VBbLEIhERATE) >
BREAESATNDS (4351) CORAKEY UHBBERETISRAY —&FERTHILITX
STHALYOILDERRZHD) VBEES L TTBMETH D U VBHIL DI LRI DE
BFE. BRIRI NPT VRREBIZCRDZEAHSNT L S,

—F . EETIREAEHTLWIREMS L LT TEMEHK) 1Hd. Th&E TRENMEE
NEEAEBRLCALIOLBEDIRIILORREEETZ2E5DEVORBHETH O, L
N USERRB 4588 > & DRSE (50-55) ® I RS LIRINBEEDERE (16,56-58) HifEEA
INTEEBRE. TESAORER) L LTORBEEFY . SELRMEHERM TSI
HEl> TS,

TDESBRTEND. B OMEEY - SEBERAFORMMEMHIC) CBREZBAL, &
520529 —kEBEED I ENERNE. RPN D LED LS BHEEICD L
O AORINAEEREGIMUEFRRREMDIHERTESLE X,

TOFRTIE. BH2BMBHEM O 5% C OEBFHHRNBEST W LARE
BNTHLEDHEENSH S GGH [ZEB L. ChIZEMEFNFEERVTY VBEES
ATZZLEENELE, 5(2 GGH N CPP D& S (2 VEEAIL S D LR DR AR

EEBMABHZHES DMTDNT, invitro TEOMRZFAER L7,

3 =20 Wik

1) GGH DY) » 1t




EA LKA EmiEMgE GGH Thb, ZhIFFE/SFR Y2 B4 RDA > Y
2RISR S CEB T 5 Y X84 7 — (Cyamopsis tetragonolobus) D &t
ILEHSESN DS (FY9F 8 20,000) 5. B-1,4-Y>F—+t (EC3.3.1.78)
TEHENE L. BSHICTIKIELTESFL - BEELLELDTHS (59), 7
7 — 7 LDEERIZ Fig. 3-1 [Z7RT,

U UB{bDAEIL Sung B (60) DAEEHHEDY VEIEESEIZ LT

GGH ¥ 10 g #&ZKITAR L. £8% 100 ml & LT 10% (w/v) GGH KiA#&
YLl COBAKIZIEZABLISLWDT. KREYF+ 4 ¥ — (EXCEL-AUTO
HOMOGENIZER. B#&##i%) # AL TEBKIZAE L, Thz 5 HR#HEK. £
ZOEEFROFRICAWE, RIZHFRAY ) VEF MU DL (BRLEFE) 2 REIT
LA H—%BNT GGH KAKITAR L. 3.75. 7.5, 15, 22,5, 40% (w/v) BR=(F
LT, CODAMA 45°CE (L 90°CT 0. 1. 2. 4 FLIF 8 FHRHF LRSS BT,
CORIGITIES . JAMEO pH (£ 16.7 MKEMEF b U D LT 125 [ZEdbE L. RIGIE
Fig. 3-2 OIECHATE S, RIS TH. RINAREEITSFE 8,000 OFHTIR%E A
WT 24 BRSITLTERRIED A S ) VBF MU o LkBRELE, Z0R. RIGRE
MTERILLTY VB GGH (P-GGH) .18k, &d. RISARERT —ILT v
LS. BITEORDL D [CEBRERNARARE (BFSFE 10000, U3
hty hIRFAL, SURTH) #BLE, AR LTE P-GGH O#EEREN% Fig. 3-
32T,

PGGH O U > EfbE () >&%88) & PGGH 22X K L&, p-

methylaminophenol &7Tix (61,62) (Ciéo =8 VBIER+ Y b ((RRAT77C—

19




TARNDOD—; fOXAMETR) 2AVWTAELE,
2) P-GGH (2L B VBN IS D LIRRRDFERBEEER

P-GGH. GGH $ & U CPP (&t . fOjtskT) % pH 7 D 20 mM U VBN
v 77— 50 ml[Z0~100 mg AR L=, CHICHRKRIBES mM ([Zhad L5 (TR{IED N
SO LERIML, 37°CT 1 BB LE, COEREROIBE (1,000xg. 5 53f) L
TLEEEB. BFRADHNES (Z2-6100. BIBER) TLEROAHL DV LIRE

ERAIE L. AR APEERZ KDz,

3) P-GGH £ QIS O LA F > DESIREIZDNT

- BRIZEEDAE

P-GGH (56 mg). BLUHILYIYLDFL — b EITHZTFL T )I-I-EX
(B-73/TFILIT—F)L)-NNN,N-UEEE (EGTA) (63) (20 mg) % # &7k 50 ml
B Lo CHIZRIZEE 0~5 MM [ZARZ LS ([TBEAL S D LERML, 37°C
T 1 BE®RELE, CORKESSEHEES (Conductivity meter, DS-15. JEi5E
{eFF) 2BV TRIE L7,

AT VIREDRIE

P-GGH. CPP BLUZ I O—26 Y > B (G-6-P) FEE/K 49 ml [ZZENZN O,
10. 20. 50. 100 mg AR L= CHICBRIREBETS MM &% L S(205 MIE{LT
LSS A% 1misnL . 37°CT 1 BEEE L. 2 DAk % 1 4 > igEEt(Expandable

lonAnalyzer EA940. Orion Research, Inc.) BV TERFDHIL >V LA F VIRE

ERIE LU,




. P-GGH @ *P-NMR (2832 1 7 VIBEDHR

P-GGH B £ U CPP @ 2.5%8KRIZIBIL DI S D L ERIZEET 1. 10 72(X 100

UM (222 L5 (ZFML., 837°CT 1 BRI E Lz, 2 2H 5 500ul & NMR 72—

| ZzANh. NMR %&%& (INM-270, BAEF) #AULT *P-NMR & /IZE Lo BIESR
‘ Hlx. 7OMN/VAXTHY 7)) BT 109.25 MHz\\ F—HRA > ME 4096,
2 0iR UBERS 1.773 sec.. IBE 235CTH oo LT IHIL T 7 MREL HPO,

A% 0.00 ppm & L7z,

3—3 RBRRUEER

U VBRMEIZX TR AY ) CEREORE

GGH @) B{bIzxd T2 VBERF—ELTOXY U VBEOHEBEGRINE
P-GGH DU YEBH L o AR BEER (HIL Y LADRIA{LER) & Fig. 3-4
[ER LT

TINTBEAY ) VBOBAIEPTILICL>TEAIIS ) VEBREOSEEEMLTL
%, =12 L Fig. 3-4 TlEbhh To0H A% ) VEE% GGH 10 g [T LT 225 giA
FzLEBeany Y EBEEABOEMASE< RD ., G LE P-GGH QALY LA
ALROLFEREIRICH < B> T,

) LEE(E. Fig. 3-2 TR LELSIC. BF 5 GGH @ 6 {iLlZH ZKBE L RIE L
TWBEDEBDLNZH, 2 1 3 HOKBEADIRXTIELEEZOND, DD
RIS LS 2 KBENSFAICHEET RN, A5 U CBOBEEPTIECLN ) VE

EQHEAZIEENZ, LA L. GGH ® A% ) YBOIFEEEPFFI A X2 ERIZA
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nNdEFIMLEXAY Y SBEICHH L TEABIIEZI 2D TREREVEEZIS5ND,
RNENEINIEEZ ZEE. ZOIEEECA A VRECLD FMLEAY U VB
S EDHZBABEIRD LTV EBDND, DD X2 ) VETRNEBOWHRE

EZRBA. GCGH1 (I LT AS U VEE15 NBEETHDEEZ O NSo

Y VBB T B RNEEDEE

) UBMEIZx T B RSREDREE R Fig.3-5 2R LTz,

ZCTIEAS ) CERINEIC GGH Bk % 5 SRR S 2 2BOFHRLE . RitinE
ZDOVWTRITLE. REGEE 45°CT 5 SRIBEALEA1To 250D L RIRE THELE
ETbhhotDTIE. BELELRI ANEENBESNIHEASIE) Y BRENS
(o2 TWE, CHIZEEAIEZLD GGH OIMEEEN—ET > 7D aftiZHET
LSBT ESF. KEPFAEARLICHEE LTV E 6 {iKkBELR &NGFREIIR
he ZORRE. X5 ) VBERETIHANIEZ LD EHRTED, . RUaE
BAE 45°C N 90°CHO B M IEAEERIECTERS LURISEEDEXIZHNT, Y
CEEEAICH UTENTHIEEZIONDG, TOLD U VBEEALZITEZEZSDT
bhlf. LV SNEETRGETAANEARIEIZLBbh3H. SEIETY VB
HEABALDOD. TED GGH OHEAEFRELRIZFLEVESD. BERLEZRINRIZ

Loz EM. 5 SREEREE 45°CE NS RGFERERLDE Lo

U SEMLIZH T B RISKEOEE

) EEEARIZH L TORGHBMOEE(IZDWVWTIXFig. 3-6 (IR LT,




RISHRN 4 BRIZ TR VEEQEANEDH . ZhULFIAERDHEA TR
Moo CHIFBNEETTRERTVNELSIZ. A9 U VBOEPRERER EDEREFD
—ETHBRNVEAIND U CBEOEBERANH D REFHEVW(SREDTY

NEEEETRGHEFAVWEETLTVWREEZDONS,

P-GGH [C L% DI D LD AAPEE

P-GGH, GGH & U CPP (Z& 3 VEH I > D LOILERFPAE(ER%Z Fig. 3-7
2R U7zo

ZOERIZAVE P-GGH ORSEMEIZGGH 1 X LT X5 ) VEE16. X5 ) VR
TRONRIIZ 5 DREEI . RIGRER 45°C. R %E 4 L Lz, ThIZLDTS
= P-GGH D9FR Y >S5 E(21.01 molkg Tho%o. 2/=CPPOAFAY > EFHE
I£1.11~1.30 molkkg TH o=, Fig. 3-7 8 R & . RISHID GGH [LRNMEZIEP LT
LEAMAIL S Y LBIZEEDBRVDIEF LT, U EEEEALL P-GGH (& CPP
CEDSHRVAILY Y LEOLRBFKEEREE TR LTz, CPP (IR % & P-GGH (X
SFAY SSHENTPPEVDICERD > TEEOEEEATT I &ND . P-GGH TIE
BAINEY VBEADILS Y LAEOXBREKEBLEULG§2 05 R5 — 2K LTWVS
LDOLHBTEZ, chizEr. EOUVEPRRKEY > 1 9FTEHILS VLS
LBEEI > TVWARVWS ENSEHRTES, P-GGH O VEREE EFERBLDIL D
LEOEILL (Ca?/Pi) (£2.33~13.11 THNH. RIZHVZRF - LTIRED) VE

HET1EZFOALIYLEFL—MELTWRET S EEILEIL6.99~39.33 £ N .

B (LA EIC L BIRBADBEE L (EFZ T WY,




P-GGH &AL D LDIEIERA

P-GGH &AL LOMEERIZOVWT., BEXzEE% Fig. 3-8 (2. A FViIREZ
Fig. 3-9 [Z. *'P-NMR D #£R % Fig.3-10 [Z7R L 7=,

Fig. 3-8 # 5% &. CaCl, /KARNEKZEEN P-GGH  EGTA 2iRMNT 5 2 &l
£h 05~1 MM SBEENTMNo>TWSE ZEhhbN 3. EKEEEILART TOLERE
DAF VL2 TEEENZ D DILS9LAF>DFL — MEITHS EGTA Z /RN
T3 2&lzkh CaCl,—EGTA KBABDESEEEHN. FL—bIhEHILZOLAT
SOREFTHR2EDTHSES, TDIENDEZZ L. AKROEHZTR L P-GGH
RALSOLAALDFL - EIE LTEVWTWEZ EDTREENTEINS . T HIZ,
Fig. 3-9 (2B VT P-GGHIBEA LRI H BTV NI D LA F VIREIX CPP Bk
BEFLTW2, 44 VIBEEHIBBDA 4 ViBE (ZOBEIF Ca*) ZRELTWLD
DT P-GGH &£FMT 2L D BEBDA A UNHHLLTNE I ENDND, ETo
Fig. 3-7 D P-GGH [C L 2 H LYW LOIKBFERBEREADETEZS L. P-GGHIZ
Lo TRV ULEAA VEBEDDEIFTALY Y LAQOETBIENEI >TVE I ENDN S,
FHDZE#ETT CPP DALY OAICHULTFL - MIREF DI ENHEINTYL
%2 (41), 2hoH LD P-GGH DAL S Y LILREMEREE ZDFL — bHRIZLD
RN AHER T X B 7272 20mg D EGTANF L — b2 HIL U LAE 5mg D P-GGH
Ay VEEAERSETZ ALY LADEILL (Ca*-EGTA/Ca*-P-GGH) (& 10.82
TH0 . FREEY VBEIDFTHILIVILEFETBLLTVSERET S EEILL

23245 L7 b DlEHEARFL — MEATIEIRATER L. TNHDRIIDOVNTIE
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UTFOERMNS 1 DORREMNHERTE 2,

Fig. 3-10 (LB WL T, CPP. P-GGH & & (CiRMEAEYTLE—J@N T O FZR
n. DNIZITEE LTS, WS (14,42) X Kitts & Yuan (43) [& CPP (L5 Z
DELEZE. SFFDOY CBELAED Ca¥ht PO+ & ERRICFE RS THS
RBARNIRLTWEZEIZLB D, &irvTWVE, ThoDZEMNS P-GGH #'%E
DEBAINEY VBEICL>TEHD Ca*EBUVFL — MEFETR - BEETLILC
ZLo2THALYYLDEMNF LT BbEREL. BRELTEEDALI D LA T

AETRBIEDRREIZEDREE R >TVWBADTIEARWES D DY,

3—4 F&d

AETE, U VBEISRY—EFFRITHED CPP 2 ET L& LT, KEERD
W2 BEEBATEIEICED. ALEILDY VEEARBROREAEEFAZRD
IRNBEOARS L UTZDHRICIOVNTOREFTZBE Lz,

@8 LT, GGH 2 & ABIE L LTHFAIZ 1.01 molkg (¥ 6 5%EH:ZD 1 &) @
ULBEESH. U UBAILY Y LEROEMBEERF OKEBERYMEEZSTS &
ZRIh L7z, &7z, P-GGH 0)?%’)73)1/*‘/@Aiﬁé)ix&&ﬁéﬁiﬂﬁgf’ﬁﬁﬁli\ BAanizlY
SBEAALS I LA A EFL — MEEERERTEIECELD Y VBRALS D LDIX
BERBTEEPBFVWTVNS I EAERII N,

—F . NESIE. CPP & HL S LA A ORETEHERELER 10 MTEET
Hh. —{fio*FL —  RITHZIFL Y7 I MHEFEE (EDTA) @ 1077 M %%

WEALS O LERY VIO THDZDILES ) >O 10°7° M 2L BERTIEZ MK
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(L TDESBEBMBVAILY Y LAL A DESEN. UH RELTOD CPP 26
L TEERIZED AT NEDIZIFHE TH D ERRT WS (43),
corESH. ALEEAETT P-GGH B VWTHSEBEAERERET S I LITLD.

ALLIBRIEMNASMNIRBENE LB,

BEL D L in vitro [ZH1F3H )L AEORBFEHREEERIRND 5N AR P-

GGH M. T, Sw hEAWLTE in vivo THLS Y LRREFET2EREBLTL

ZOMIDNT. RELDIRETT %,
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Fig.3-4 U EMLIZHTE A5 CEROEE

10%GGH /BEIZxH L TXY ) V% 3.75. 7.5. 15, 225, 40%(CHm B L5 (@MU
FEEORFREA) VEBERLIUVFNZFNOREOHILS D ALARAEER, X5 1) >
BEUNDRIGRETZ. RIGIEE 45°C. RIGKETE 4 B, LR RBAEEXRIL 50 ml D

) BMEERIZC P-GGH 2 10 mg 8 LT, #2125 mM (FIRIRE) D CaClz iR

L. EBHROHLS D LEEBIE,




1.2

1.0

Amount of phosphate (mol/kg P-GGH)

(no boiled) (5 min. boiled)

Temparature (°C)

Fig. 3-5 ) VELIZX T 2 RISIEEDRE

BE%® 45°C (K£). 90°C (£). BLURIGE%E 5 DEBEI 21K 45°CTRIIEE

CEDDFRNEAY CEE, BEUNDKRIGERMEE. A5 ) VEE(E GGH 10 g [ZxF L

T 15 g. RIGKSFEE 4 B5REo




2™

Amount of phosphate (mol/kg P-GGH)

Reaction time (h)

Fig.3-6 ! VELIZXT T % RIGKHOREE

RIGERA 0. 1. 2. 4. 8 BfE& LELZDDFREAY VEE, BREIUADRIGSE

HlxA% ) VEEE(F GGH 10 g2 LT 15 g« RIGREIL 5 FE#HE S €721% 45°CT

RisE £z,
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Fig. 3-7 GGH. P-GGH. CPP ®H I > D ARALIZXT T B RE

50 ml D 20 mM U > EBIEEIER (ZtKl & 0. 10 20, 50, 100 mgiafiE L. Z 2 (&R

ET5mMMERDLESIZ CaCla KA A T, 37°C. 1 BEIELLEZDL., JFLSEET

BrLtBEERFRAETLERONILS D LAEZRIE,




1250

—O— SRR

-=-O-- 5 mgP-GGH

Conductivity («S/cm)

Ca2+ conc. (mM)

Fig. 3-8 CaCl/KiARDEREEE

5 mg @ P-GGH £ 120 mg @ EGTA % 50 ml OFBKIZBEL. ThIZ5 mM (&

IEE) D CaCle &N, otk 37°C. 1 B THER. EREEEELATE,




Ca2+ conc. (mM)

0 | 1 ! 1 1
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Fig. 3-9 CaCl2i&ik®d Ca** 1 4 ViREIH T 2 kIREDEE
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%4 %

EEER D v NZHBIFBEHILS T LRINIZHKTT S
) BRIt T 7 — 7 Lk o R IEER (D 2 £




4—-1 BH

FIFETEM L P-GGH L in vitro 23 L\ T CPP E#O#EEM 2 RIFT 2R 2EN D
o UMU invitro THIL S O LORIFUEERER L. U VEDIL S D LDIERER AR
EFADROHOENTE in vivo TIEIMEWAREE TSI AN > VB DLW TR
HFLEONH B (10,64), ZI Tinvivo TOMRERITT 578 P-GGH & ZDAMEH
1227 GGH ZZNZhREBR(IZTMLT. v MIBIFEZ DL 0 LRRANDEER

IV

4-2 HEk
1) REREH) : SDRMES v b (9B, #HHAE 300 g AifR) & 18 LA,
2) BABREIK. BLURTTa-)
7 B REFE T FHEABER. FAECLD 6 [EX3 FZEDIF L. LT OHERER
T14 HREIFBER. BR L=,
Oy hO-ILE (EHHER) Control Group
-7 = LSRR 5% RIME GGH Group
- U CBME T 7 —H LY 5% P-GGH Group
REREAEIDEERL (L. Table 4-1 [ZE2&E L =5
HEBREIBFDAIL S D LL AL 0.45% (45 g/kg diet) & U7z, RUEHMEDTRMIL
5% (50 g/kg diet) & L. £EHALIOLOEMRRETS(ZHED . KBAERYEE

DERIZLESy hOTHFIEPFLETZE0CEREINL O - 2RI 1kgsHn/=n 509

(5%) ™L7T=,




RERAT V21— VI, Fig.4-1 (ZR&# L7,
- BREI BRI, 5-7 LU 12-14 BEA HiREARI & L. 85T o=,
- 14 HEIZER U, S XBIRN. T, BiE. 0B - 558  fBRAsY. £6X
BRBE ZEKER U 7=,
3) #ITIEE
MABREDILS D LEER . #. EARBIEIHALS Y LEORECAHWE, EAREL
BREAECAV., BB, §B. BBASYIL. BHOLCOLE, TNAMHILS Y LR,

AaSEAERAERE . pH DRIEICAWE, BREIFRIESERELE,

4—3 BRRUBE

Zyv hDEE, BRERLIZDWT

Zv hDBFE, BRE. FRE=. BRESE% Table 42 [T RLE, T v MFE
DEBZE{L% Fig. 4-2 (TR L 7=,

Fig.4-2 CTRTEBN. TRTOEEDZ v MIIRRIZHKR Lz, BFRIOVBREE. &
REEICHEAWEREI ALK, SRPEOBRELHBICHMIANEREIT AN O£
(Table 4-2), SSICHFREE. BRESCHVLTCEHHTOMINERZLIRD SN
Bh ok UMEDERELD . P-GGH X5y ORI L TEEEZEZ R\ ENTE

hdohlz,

SRR OERES

FARREREARGIRER L /=R E 8 % Table 4-3 [Z7R L7z, 1stperiod. 2nd period M4 (28

39




WLWT Control ¥ & b8 LT GGH BRI THEE N HEEZ = L. #5IZ 2nd period [ZH L
TIFBERIIEEETLTUWE, £ P-GGH {BEET(X Control L LR L THREE(R
Rhvozht RBEHRRHIECICR > THEENEMLTULE,

HILE (MBB) (CBVWTEBRTHEINT . HRE L TRIRE ha L\ R Z 2 ER
LEzma. REENEMT 2LV BRTBXRICHREINTESN (65). LERLE
RO KER (HiB) TORBMICL > TEFHEFIEAINZ LEDONS, SO
5Nz P-GGH [ZBWVWT GGH LB L THEENREARLEZ &IE GGH [T VB
HEABALEZEIZE > THENEL L. EBRBOBRIZHENAINDZ LSRN E
BEEBWADLTNET LEABRELEEF ST SREIOL S BFERIIB>ZONE L

g7 N

ENFTDAHILD D LRIRE

HIRBRICBFZENFTOAHIL S D LARINESR Fig.4-3 (2L,

1st period Tl&. Control & GGH B (25t LT P-GGH BB LW THEIICEEZ L
oo GGH & DHRBMOE VW KBERMEHEZIERT 5 I LICL2THIL D Y LRR
NEETZZEETTICRESINT LS (66,67) N SEIDEERTIL Control FF&D
i EEEZHE AL o, CHIZERCAVES v NOBIEMELHZ2DHE LR
L\, SE P-GGH N GGH £ hBWAIL S D LARIRFEERER LEZ &IE. GGH D
OEREMIZINZ .. EIBTHENO SN P-GGH O in vitro [ZHF2 ) BAILS D
LIRREFLREBREREDS in vivo TEMREEDLTICHBERNTHL S YV LZRIRLPT LK

BTR-TWEED. BRULADL S VLEMHERI(RIRTELZOTERVNEEZS
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n3d, LMLAHS, 2nd period TORMNFDHIL S LARIRIE 3 DOEMICENTH
EEIROONAN >, ThIZBZFS < P-GGH DEBERIZL DIBILBERDAIAED L
S LEDEMU., st period [ZEVWTEBRER LR TERFIDHIL S D LRIRDGE
Zo$ER. 2nd period DRUMHECHEVWTY O L FaLl—2a I N, BR
CLTHLY Y LDRINENRED L. BETOENHERLEEEZLOND, INIE
Control ##X> GGH B¥ & b8 L T P-GGH %8B L 2B DHLER (EiEM) TODAIL >
O LAETBRIEENABTVIZERD ST 2nd period TORMNFDHIL T D LRIRHEEE

ZBWTEHEEBEENLWZ ENSEHERTES (Table 4-4),

MFROAINS DV LRE

MiBARDOAHIL S D LEE %R Fig.d-4 (2R LTz

MFRDAIL S D LEREIZELBRDLY D LRBHTILE OB E(CL o THERICHKE
ZIEEMNEIEINTHE D (9 10 mg/dl) (68). TLDAHIL LD LARINDIBRTITE
Bl LAl DENDRILEUNS VADEFERENEISARNRD ( HIZERRERD K
SHEGTTRHERIIBERIAAVWEEBDNhS,, R RBRERCBIIHEOREE

FE YNV (ARl RS

KREFOHN S D LES L UKIREIEE

EABRERDAIL S Y LB Figds (2. FEARBEE% Fig.4-6 (ZRLT
IS AElE Control BEX> GGH B¥(ZLER T P-GGH 8286 WTEEICE(R>2E,

ThIZBRALS I LENERDAILS YLD 9%% EHZ I EMND. HIREERD 1st

41




period [CEWVWTHL DD LIRS ERE LEFERE. P-GGH BEOBRIZANSDLDELD
ZLERBINEHTHDEEZONS,
BREIZDVWTIEZ. GGH &# & P-GGH E£(2H L\ T Control ¥ & thE L THRERER %=

TLTWB D BRICEREREARI 2,

BHLERDOAOIL S D LEHRE

%, B, EBRASYPRORANLSOLE, AAEALSVLESLUALT D A
DIERA{LE % Table 4-4 (Z7x L1,

EREABRHTORAEAIL S I LABENIL S D LADFETARILERE RS & Control &F
» GGH B L LB LT P-GGH BICPVWTHEIIEEA T LE, DL D LADRRETT
ETHZMEELTHSNATWLS CPP (. BB TOIRFBELLS VLS RZIEMNSED
ER. BETOALYYLARREAETZZEDRESTLS (69), P-GGH 252
oy MZEWTAHLS D LRERATEINEZZEE CPP DIFZAER U K P-GGH @
FFHRDY CBEOHEILDZEDEEZOND, CPP (LIBILEBERICLS290HEZ(F L
AEZITHRWESHNBERTER LR CPP (B TEHIZERL. DDLU LZE
ATHRIIRE AP T VELEIREEICRE > TWLWEEEZ LN TS, BULSIZ P-GGH ©
NBIZHIT D BEEBEOREEZ TR VR TH S 7202 P-GCGH [LBILERNITH

WTEDILD Y LEDRBRTEAEEREE L VERRFBLTLEEDEEZ b D,

BHLEREABTMEES L U pH

B, §BsLUEBZAZIAOEER. ABTMEES LUAEMO pH % Table 4-
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T

5&4-6(ZRLE,

EESXERBICH T GGH & . P-GGH BT Control B L h BE(CBE% = L=
Blf%. BERRICEWTIIERELE L o2z, ABRYESXER. SBBLURBOLTIC
$ LT P-GGH ¥ T Control ¥ L LERTHEIZEEA T L. GGHEIZEWTLERB TS
xR,

GGH ° P-GGH D& 5 kKiatE Rt % B L B8 [TELEARY O ES NS
ME2LlF BEEDEMERULLSCEZZZENTES, SE(E P-GGH & &
Control BICEVWTEEETIIEEENR O AL oENRNBHMER TITEEIZ P-GGH
BTaM 2%, ThiEBEZ5< P-GGH WEREMAE LN S, ZOREBRICHA]
DN 2EVWSHETHS 0. HILBERNTOREREARC AN, HRELTEES
NLBVWDICABMEENZVWEVWSERIZR2EDTIRAVWEZ S, BEBREDES
DIEMEIABTHDEIMNE . RIBTHRARZIEHEHEROIEATHZEZ N5, EEEE
PER IS EBMIRIAADIEIE A FUET 2 I ENMESATHED (70). ARRICBEWVTE
BRBMED GGH & P-GGH DBEIZ & D AEHIEEEOERNKE (ML TLWEZ L
MhhoTWd, £, BOERDER. HICEBASYD pH A Control & LB L
T GGH 3> P-GGH BICHLWTHEILEK  BR>TW e, I IZEALLY VEBEDE
EBEEIZLD P-GGH (£ GGH & WEgtE AT T LRI (PH7 D20 mM U >
ER{EER 50 ml (2 GGH % 7=/£ P-GGH % 100 mg /a8 L= & ED pH [EZFh Zh 7.00
£ 6.61Tho1k)o

#ONDIEWE (39,71) ZERPLNB LT, ZDLSLEBOESHEIMNITHES RN

EEDEMM., P-GGH (2LB DL 0 LDORNETTET 5 —2DRRAICR>TWNSH
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REMELEZ OIS,

EREB L UEBAOEREEE

BB LURBADEMENEE % Table 4-7 TR L7,

EBRRARMFOEMEREEAR2 L. GGH E(L Control BELHLERTRIELETAT
DMETHEICEEE R Lz, P-GGH #Tld Control L tERT7OEA VEEE TN
TBOEMENSERT L. GGH EIF L TEAWI LTHIEHEIEREE 20 - 51
DERIIBRICEEEZR LIz, ThoDERMS P-GGH H' GGH (Z[3$ 2 £ DD®E L
REMERELTVWR 2D DH B,

KBMERMBHDOR DR (MEEE) (X, ZORBEN TH S L 2 2DEHEIEHE%E
LOERBROERIZAS L2230 H D, WLV LAORIMEENRICEALTEEBES
DIBMIZ L 2 BRREBDILK (Fd) DIFEH . FEHEEHBEESTCERBOERICLZE
BADBMLEZNIZHS AL D LADOFERBELNHITFoND, IHIEBROAILS D A
TZDKREBAHITNAEDEBEFERALTENDZOEXETIEIRIRI NS Z&(FREL WD A
WD LADERNBbINDE ZEIZLDRIRATTEIND

LM LSEDXRERTIE P-GGH £ h REMENE L GGH 2 BRI ELZEICEWVTAL
SO LORIRFGEIRD SN BN oz, ThlE P-GGH (2L 2D S0 LDIEA{LED
MUNERTH =Dt L. GGH ORECLZ DL D LADIETNBLELLNEE TH
SEZENBEFRLTLWADLE LA, £/ GGH LB U THREETS S P-GGH

DABYD pH N GGH DEELFBEEHLLRVDIE. $oTWV3EH P-GGH BAHEDEM

L LTHENIREBLTVSEEZ DN,




4—4 F&&b

ABTIE. RRMEBETRA LA L BEBHS v FEBVT P-GGH HAL T Y A
; DRI ETTET 2N DVTRITLE,

ZODFER. P-GGH &1BERS ¥ /2825 L\ T Control B¥X> GGH B & Lt L TAHIL S
LODRIRDTTE L, LA LEBEMDE LY GGH B ZH 1T Control B DI THEEE
DERED D 120 KIBERYBHORBEEN TH 2 52HE0E (22 CHKE) NHLT Y
LRIV L TRHEESZRVNENS ZEFEZIZCVDT., HRBOEBHS v b &L
BRUTEB®RS v b TIRHICETE (§8) TOHILY D ARRIZHEENHIZLWDT
XTI NES S DY,

TNIZXF LT P-GGH (& GGH L AL EBRBEITONZ N ThLhEBEATH
EVBEISRY—IZLBNETEBTOAILY D LDIEFRBEN. CPP Rk, H
POLRPICKEIGREEEGZTVWSDTIERNES S H,

COREPLMNMITEEHIZ. ROEKBRTIEALS DLEBXRMEOEWVWERDZ v b &

AW Z&® P-GGH 2522 LT 2EBRBOXEEERYIRS Y F2AWVT

KBTS LITLD P-GGH D#BER T 5 (TRFT L 20




‘) Table 4-1. EAERATKIDIARL (kg diet) _ L .
Control diet ~ GGHdiet  P-GGH diet
Casein 237.5¢ 225.0g 22509
Sucrose 612.7 g 580.5 g 580.5 g
Corn oil 4759 45.09g 45.0 g
Mineral mixture, Macro 36.1g 34.2¢g 34.2 g
Mineral mixture, Micro 199 1.8g 1.8
Vitamin mixture 9.5¢g 9.0g 9.0g
Vitamin E granule 09g 09g 0949
Choline bitartrate 3.89 3.69 3.69
Cellulose' 50.1g 50.0g 50.0 g
GGH —_ 50.0¢ s
P-GGH — —_— 50.0g

1 #8200 —-2 (PEEIPH102 ; flB{b Rk TE4RS4t)
BIEROBRWEDIEZ. B2EDIE#HEZSHEBDZ &,




) Table4-2. SEICHSKEES

No. of rats Initial Body Weight Final Body Weight Food Intake
n g g g /14 days
Control 6 337.0 * 438 387.6 8.2 293.3 * 12.1
GGH 6 837.7 £ 5.0 385.6 * 10.7 300.7 £ 15.8
P-GGH 6 336.4 *£76 381.4 x84 281.0 94
‘ ANOVA P value NS NS NS
No. of rats Liver Weight Kidney Weight
| n g g
Control 6 16.87 £ 0.34 275 =+ 0.08
GGH 6 16.49 = 0.65 2.81 *0.05
P-GGH 6 15.36 X 0.55 2.62 =+ 0.06
ANOVA P value NS NS

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
NS: no significant difference between any values.




Jable 43 HMRREHORRES L VRIRES

Food Intake for Balance Periods

No. of rats 1st Period 2nd Period
n g / 3days g / 3days
Control 6 244 F 0.7 1940 *+07Db
GGH 6 207 T 0.7 2180 =+ 0.7 a
P-GGH 6 203 T 0.6 1890 X+ 05b
ANOVAP value N.S. P =0.011
Feces Dry Weight
No. of rats 1st Period 2nd Period
n g / 3days g / 3days
Control 6 447 =+ 0.36 ab 402 =026 b
GGH 6 475 £ 0.26 a 520 *+0.23 a
P-GGH 6 3.84 *+0.19 b 440 =021 b
ANOVAP value P =0.094 P =0.009

Values are means *standard errors. Values not sharing a common superscript
are significantly different at P <0.05.




Table 4-4. BItBRBYPRDLAM. 8HILS Y LAER

LU LAEIEE

No. of rats Soluble Ca Total Ca Ca solubility
n (4mol /g of contents) (u mol /g of contents) (%)

lleum

Control 6 540 £9.2b 262.2 + 48.8 212 =18b

GGH 6 52.7 £ 6.0b 204.7 * 20.8 264 T 21b

P-GGH 6 874 *+116a 231.7 +10.6 374 t 41a

ANOVAP value P 20,025 NS P =0.003
Cecum

Control 6 246 * 3.1ab 190.3 £ 9.1 a 128 12050

GGH 6 446 * 10.6 a 1727 °4:19.85 &b 268 + 74 a

P-GGH 6 70 09 b 1477 £57 b 47 *07b

ANOVAP value P =0.003 P =0.094 P =0.009
Colon

Control 6 1529 * 37.6 a 5565.3 X 125.7 a 29.0 £ 3.6 a

GGH 6 352 £69b 1936 £39.8 b 19.7 + 4.1 a

P-GGH 6 0.7 380 137.0 £25.0 b 88 16 b

ANOVA P value P <0.001 P =0.003 P = 0,002

Values are means * standard errors. Values not sharing a common superscript are

significantly different at P <0.05.

NS: no significant difference between any values.




Table 4-5. HItBAEYDpH S B
No. of rats ileum

cecum colon
Control 6 6.49 *+ 0.16 ab 6.36 + 0.06 a 6.49 * 0.07 a
GGH 6 6.61 *+ 0.06 a 551 +0.08 b 6.09 = 0.08 b
P-GGH 6 6.29 + 0.09 b 546 +0.13 b 5.83 * 0.06 c
ANOVA P value P =0.,154 P < 0.001 P < 0.001

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.

NS: no significant difference between any values.




Table 4-6. ZHILEESLVHILEARYES

Wall weight
No. of rats ileum cecum colon
n g g d
Control 6 0.698 =+ 0.049 1.306 £ 0.067 b 0.836 =+ 0.037
GGH 6 0.693 = 0.063 1.939 =+ 0.149 a 0.924 =* 0.027
P-GGH 6 0.677 = 0.069 2.077 X 0,138'a 0.897 £ 0.018
ANOVA P value NS P =001 NS
Contents weight
No. of rats ileum cecum colon
n g g g
Control 6 0.16 *+0.04 b 229 X 0.07 c 0.67 X£0.13 b
GGH 6 0.25 £ 0.03 ab 459 £ 0550b 1.08 *+0.14 ab
P-GGH 6 0.32 £ 0.05 a 8.60 X079 a 149 =+ 035 a
ANOVA P value P =0.038 P < 0.001 P =0.068

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
NS: no significant difference between any values.




Table4-7. EBRS L UHEBABRYTOEKEE

Control GGH P-GGH P
No. of rats n=6 n=6 n=6

Cecum

) Amount («mol / contents)

Acetate 729 £ 96 b 183 £ 17 a 85.8 103 b 0.012
Propionate 218 26 b 99.6 *23.1 a 99.9 + 195 a 0.009
Butyrate 926 145 b 8345 +75 a 320 *155 b <0.001
Isovalerate 0.84 £ 021 b 1.96 * 0.50 a 0.39 026 b 0.017
Total SCFA 108 = 18b 269 T 41 a 189 * 28 ab 0.005
Lactate 0.00 =% 0.00 3.47 *0.92 .97 =875 0.274
Succinate 123 022 b 819 £ 214 a 53.9 *20.8 a 0.015
Colon

‘Amount (umol / contents)

Acetate 11.9 * 3.1 ab 16.6 £ 2.1 a 6.08 £1.70 b 0.023
Propionate 219 * 050 b 141 +28 a 7830 237 b 0.005
Butyrate 1.45 * 0.41 a 3.14 *+0.64 a 0.16 £ 0.10 b <0.001
Isovalerate 0.02 =* 0.02 0.26 *+ 0.18 0.00 £ 0.00 0.157
Total SCFA 156 +400b 341 52 a 1385 =41 b 0.010
Lactate 0.00 * 0.00 0.48 * 0.26 0.86 * 0.63 0.332
Succinate 0.70 =034 b 11.1 £ 83 a 432 +403 ab 0.399

Each value is the mean+SE. Values in the same row not sharing a common superscript are
significantly different at P <0.05.
Total SCFA is the sum of acetate, propionate, butyrate, and isovalerate.
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Fig.4-3 Apparent Calcium Absorption in Rats. Each value is the mean for six rats with SE

shown as a vertical bar. Values not sharing a common superscript are significantly
different at P<0.05.
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Fig.4-4 Plasma Calcium Concentration in Rats. Each value is the mean for six rats with
SE shown as a vertical bar. Values not sharing a common superscript are significantly
different at P<0.05.
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Fig.4-5 Amount of Calcium in Femur in Rats. Each value is the mean for six rats with SE
shown as a vertical bar. Values not sharing a common superscript are significantly
different at P<0.05.
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Table 5-1. RAEREARIDARK (/kggdiei

Control diet GGH diet P-GGH diet
Casein 237.5¢ 225.0g 225.0g
Sucrose 612.7 g 580.5¢g 580.5 g
Corn oil 475 ¢ 45.0¢ 4509
Mineral mixture, Macro 36.1¢ 342¢g 34.2¢
Mineral mixture, Micro 1.9¢ 1.8¢g 1.8¢
Vitamin mixture 9.5¢g 9.0g 9.0g
Vitamin E granule 09g 0.9g 09g¢
Choline bitartrate 3.8¢ 3.6¢ 3.6¢
Cellulose' 50.1 g 50.0 ¢ 50.0g
GGH — 50.0g e
P-GGH — — 50.0g

1 1 #REILO0-X (FELILPHI02 ; BIbR T2 2%1)
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Table 5-2. fAFICHSRIEER
— ‘4  —
No. of rats Initial Body Weight Final Body Weight Body Weight Gain

n g g g /10 days
Control CCX 7 i 3T 4% Bl o5 256.3 *+ 26 842 *22
Sham 6 176.8 £ 56 2608 7.2 84.1 £ 3.1
GGH CCX 8 1685 A6 250.0 *6.7 816 45
Sham 6 1770 8.7 2003 F 117 83.83 *+65
P-GGH CCX 8 168.7 3.8 2479 *6.2 a8
Sham 6 1785 * 6.8 2552 T 8.1 76.7 * 3.8
ANOVAP value
Diet (A) NS NS NS
Operation (B) NS NS NS
A X B NS NS NS

%
No. of rats Food Intake

n g/day
Control CCX 7 19.7 £ 0.4
Sham 6 19.1 £.0.8
GGH CCX 8 19.4 £ 0.9
Sham 6 199 = 1
P-GGH CCX 8 185 =+ 0.8
Sham 6 18.8 * 0.6
ANOVAP value
Diet (A) NS
Operation (B) NS
AXB NS

Values are means = standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
NS: no significant difference between any values.




Table 5-3. HiNGHBRHMOEBREERUELIEES —
No. of rats Food Intake for Balance Periods
1st Period 2nd Period
n g / 3days g/ 3days
Control CCX T 564 =+ 09 62.8 + 26
Sham 6 541 14 620 *14
GGH CCX 8 556.1 *+43 61.0 +24
Sham 6 57.7 4.0 649 =+ 3.9
P-GGH CCX 8 506 +26 59.2 + 3.4
Sham 6 53.0 *£1.9 61.9 *+26
ANOVAP value
Diet (A) NS NS
Operation (B) NS NS
A X B NS NS
No. of rats Feces Dry Weight
1st Period 2nd Period
n g / 3days g / 3days
Control CCX 7 440 =+ 0.12 bc 462 *+0.18 b
Sham 6 3.57 £0.09c 395 =011 b
GGH CCX 8 562 +0.39 a 578 £ 0.40 a
Sham 6 436 =+ 0.48 bc 452 *+027 b
P-GGH CCX 8 496 =+ 0.25 ab 509 £ 0.45 ab
| Sham 6 3.60 *0.16 c 438 =+ 0.50 b
| ANOVAP value
; Diet (A) P =0.005 P = 0077
| Operation (B) P <0.001 P =0.006
| A X B P =0.646 P =0.670

) Values are means +standard errors. Values not sharing a common superscript are

| significantly different at P <0.05.
| NS: no significant difference between any values.
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Table5-4. LIBABRYHDRLAM. BAOLS YLBBLUDILS S ATAEE
 “

No. of rats Soluble Ca Total Ca
n (umol /g of contents)  (wumol / g of contents)

Control CCX 7 238.1 =490 b 941.3 £ 793

Sham 6 2343 £349 b 933.6 * 74.3
GGH CCX 8 2585 ‘£ 21.7 b 960.0 = 78.1

Sham 6 2523 *+ 468 b 984.9 =+ 150.1
P-GGH CCX 8 327.0 £ 35.7 ab 951.8 1+ 128.7

Sham 6 395.1 + 195 a 11110 L1573
ANOVAP value
Diet (A) P =0.003 P =0.646
Operation (B) P =0.524 P =0.484
A X B P «=0,520 P =0,683

%

No. of rats Ca solubility
n (%)
Control CCX 7 287 4.7 b
Sham 6 245 +23b
GGH CCX 8 273 +08b
Sham 6 208 +35b
P-GGH CCX 8 354 +26 a
Sham 6 359 £22a
ANOVAP value
Diet (A) P =0.002
Operation (B) P =0.837
A X B P =0.958

Values are means tstandard errors. Values not sharing a common superscript are
significantly different at P <0.05.




Table 5-5. EABMPROANAME. BHL S Y LBEBLUHILS Y ATAER

No. of rats Soluble Ca Total Ca
n (umol /49 of contents) (umol / Qf contents)
Control 6 10614 1319 £ 9.7 a
GGH 6 9.2.3:1.5 783 £ 6.80b
P-GGH 6 104 £ 0.7 1282 + 10.2 a
ANOVAP value P =0.739 P =0.001

Q

No. of rats Ca solubility
n (%)
Control 6 8.1 915
GGH 6 115 1.0 a
P-GGH 6 83 +060b
ANOVAP value P =0.036

Values are means *+standard errors. Values not sharing a common
superscript are significantly different at P <0.05.




Table 5-6. ﬁ%ﬁ§%¢wﬂ%ﬁ\%@£>©A§5¢Uﬁw>vAﬂ%w$

e ——————

p—

No. of rats Soluble Ca Total Ca
n (umol /g of contents)  (umol / g of contents)
Control CCX 7 232 £35 D) 1932 +95 a
Sham 6 359 £32 a 2292 *14.8 a
GGH CCX 8 18.9 * 6.6 bc 1336 150 b
Sham 6 219 +23b 1431 +19.7 b
P-GGH CCX 8 74 04 108.8 =94 b
Sham 6 99 +03 ¢ 1148 =57 b
ANOVAP value
Diet (A) P <0.001 P <0.001
Operation (B) P =0.034 P =0.088
A X B P =0.303 P =0.479

h

No. of rats Ca solubility
n (%)
Control CCX 7 122 =18 ab
Sham 6 16,6 0.7 a
GGH CCX 8 12.6 + 2.3 abc
Sham 6 16.7 + 25 a
P-GGH CCX 8 7.5 EOT 6
Sham 6 8.8 + 0.5 bc
ANOVAP value |
Diet (A) P <0.001
Operation (B) P =0.043
A X B P =0.690

Values are means +standard errors. Values not sharing a common superscript
are significantly different at P <0.05.
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Table 5-7. HItERABYDpH
e D e i ——— e ———

No. of rats ileum cecum colon

Control CCX 7 6.77 £ 0.07 a 6.69 * 0.01 a

Sham 6 6.79 £ 0.12 a 721 £ 0.04 a 6.83 * 0.04 a
GGH CCX 8 6.74 + 0.08 ab 6.36 +0.07 b

Sham 6 6.68 £ 0.09 ab 6.09 +0.06 b 6.03 * 0.06 ¢
P-GGH CCX 8 8,51 X 0.08 be 6.01 £ 0.06 c

Sham 6 627 L 010 6.03 + 0.06 b 6.04 + 0.02 ¢
ANOVAP value
Diet (A) P <0.001 P <0.001 P <0.001
Operation (B) P =0.188 P =0,188
AXB P =0.8%10 P <0.001

Values are means*standard errors. Values not sharing a common superscript are
significantly different at P <0.05.




Table5-8. [Olf5. EBRUIGHEES

—— e
- ———

No. of rats ileum cecum colon

n d g d
Control CCX 7 0.946 = 0.070 ab 1.448 =+ 0.079 a
Sham 6 083 +0.072b 0668 +0.028b 0.883 +0.042 b
GGH CCX 8 1.120 =+ 0.106 a 1482 +0.110 a
Sham 6 0.820 £0.051 b 1.086 +0.035a 0919 *0.068 b
P-GGH CCX 8 0.965 =+ 0.043 ab 1710 £ 0.214 a
Sham 6 0.799 *+0.068b 1.007 *+0.078 a 0911 =+ 0.064 b
ANOVAP value
Diet (A) P -=0.432 P <0.001 P =0.471
Operation (B) P =0.003 P <0.001
AXB P =0.436 P =0536

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.




Table 5-9. [Olf5. EBRUVEBASYHES

e —————————————————————————————————————
R —— T

No. of rats ileum cecum colon
n g d g
Control CCX 7 0.39 =* 0.03 1.58 =+ 0.15 ab
Sham 6 0.42 =+ 0.09 200 *0.11 b 0.68 =+ 0.08 c
GGH CCX 8 0.49 =+ 0.11 21486 -+ 039 a
Sham 6 0.55 =+ 0.05 529 =+ 0.50 a 0.72 .+ 01B.¢c
P-GGH CCX 8 056 =+ 0.05 1.93 *0.18 a
Sham 6 0.40 =+ 0.06 494 =+ 0.58 a 1.04 =+ 0.14 bc
ANOVAP value
Diet (A) P =0.682 P <0.001 P =0.282
Operation (B) P -=0.253 P <0.001
A XB P =0.495 P =0.430

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.




Table 5-10. ERBATYPTOEHMEEE
M——“——_

Control GGH P-GGH P
N=6 Nn=6 n=6
Acetate 569 +8.1 b 149 *+ 15 a 151 =80 b < 0.001
Propionate 161 *£18b 365 T85a 364 +48 a 0.016
Butyrate 506 +1.08 b 39.0 £83 a 2.y 27D < 0.001
Isovalerate 0.62 =+ 0.29 ab 1.24 +0.22 a 037 £0.17 b 0.059
Total SCFA Tt k302 ¢ 225 +21 a 118 *6 b < 0.001
I Lactate 065 *+0.15b 503 +0.85 a 1.69 £047 b <0.001
| Succinate 1.39 + 056 b 130 *+ 36 a 127 £32 b <0.001
|

Each value is the meaniSE. Values in the same row not sharing a common superscript are
significantly different at P <0.05.

Total SCFA is the sum of acetate, propionate, butyrate, and isovalerate.
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Table 5-11. {EBABYF DB S

———
e ———

Control GGH P-GGH
N/ =8 n=38
Cecectomized
Acetate 346 +54 a 359 *+64 a 16,0 =+ 14 b
Propionate 498 =+ 1.55 5.48 = 3.36 3.92 + 1.01
Butyrate 284 + 126 221 +0.95 0.44 =+ 0.44
Isovalerate 3 s 1l ol © s 7 0.00 =+ 0.00 0.00 =+ 0.00
Total SCFA 425 +6.9 a 43.6 9.8 a 204 26D
Lactate 579 204 b 16.7 * 25 a 3.19 +0.76 b
Succinate 20.6 *+ 3.3 ab 20.6 T 4.0 abc 10.6 =+ 3.0 abcd

Control GGH P-GGH

N=06 N=06 N=bH
Sham
Acetate 131 £28b 201 £580b 135 T35 Db
Propionate 2.66 * 0.68 9.76 * 3.75 501 +£1.14
Butyrate 0.00 £ 0.00 1.89 + 1.25 0.23 =+ 0.23
Isovalerate 0.05 + 0.05 0.06 =+ 0.06 0.02 =+ 0.02
Total SCFA 169 36 b 31.7 *£8.7 ab 188 *+48b
Lactate 0.00 £0.00 b 568 +253 b 0.65 =032 b
Succinate 031 +0.11 d 254 *+ 139 a 1.94 =+ 0.54 bd

\_—

P value

Diet (A) Operation ( B) A X B
Acetate 0.020 0.001 0.124
Propionate 0.228 0.594 0.378
Butyrate 0.147 0.123 0.249
Isovalerate 0.353 0.478 0.719
Total SCFA 0.039 0.022 0.203
Lactate < 0.001 < 0.001 0.064
Succinate 0.015 0.093 0.105

Each value is the mean+SE. Values not sharing a common superscript are
significantly different at P <0.05.
Total SCFA is the sum of acetate, propionate, butyrate, and isovalerate.
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A: 1st period (d3 —d5)
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Fig.5-2 Apparent Calcium Absorption in Rats. Each value is the mean for seven (Control-
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CCX), eight (other CCX) or six (sham) rats with SE shown as a vertical bar. Values not
sharing a common superscript are significantly different at P<0.05.
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| Fig.5-3 Strength of the Left Femur in Rats. Each value is the mean for seven (Control-
| CCX), eight (other CCX) or six (sham) rats with SE shown as a vertical bar. Values not
sharing a common superscript are significantly different at P<0.05.
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| Fig.5-4 Amount of Calcium in Femur in Rats. Each value is the mean for seven (Control-
| CCX), eight (other CCX) or six (sham) rats with SE shown as a vertical bar. Values not
sharing a common superscript are significantly different at P<0.05.
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Control diet GGH diet P-GGH diet
Casein 237.5.¢9 225.0g 225.0¢
Sucrose 612.7 g 580.5¢g 580.5¢g
Corn oil 475 ¢ 45.0 g 450 ¢
Ca free mineral mixture, Macro' 36.1g 34.2 g 342 ¢
Mineral mixture, Micro 1.9¢ 1.8¢ 1.89
Vitamin mixture 95¢g 9.0g 90g
Vitamin E granule 0.9g 0.9g 0.9g
Choline bitartrate 3.8¢ 3.6g 3.64g
Cellulose? 50.1¢g 50.0 g 50.0 g
GGH — 50.0¢ e
P-GGH — - 50.09g

1 : Table 6-1-2% £88
2 fERt/ILOo—R (ZEEIPH102 ; fB{bak TZEkKES%T)
BIEFROLBWEDIZ. F2EDRLR#HESRBDZ &,

Table 6-1-2. Ca free mineral mixture, Macro®#B 5%
/1 kg mixture

KIO3 0.02 g
CuS04-5H20 0.88 g
MnSO4-5H20 1.64 g
Zn(NO3)2-6H20 5.92 g
Fe(CeHs07)-7H20 23.67 g
MgSOa4-7H20 142.35 g
NaCl 337.49¢

KH2PO4 488.04 g




Table 6-2. FABICHSRIEEER
No. of rats Initial Body Weight Final Body Weight Body Weight Gain

n g q g/ 6 weeks
Control OVX 8 156.0 = 3.4 276.3 t 22a 1232 £23a
Sham 8 168.9 £ 256 2625 63D 1003 *415b
GGH OVX 7 166.9 *+ 3.2 2745 *45a 123.8 = 20a
Sham 8 18563 4.0 260.8 £6.1b 97.8 £ 33b
P-GGH OVX 7 186.1 £ 380 279.0 X 20a 121.0 *19a
Sham 8 165.3 =80 246.7 + 6.6b B6.3: =83¢
ANOVAP value
Diet (A) NS P =0.728 P =0.039
Operation (B) NS P <0.001 P <0.001
AXB NS P =0.408 P =0.186
No. of rats Food Intake Uterine Weight  Plasma Ca Concentration
n g / 6 weeks g/100qg - B.W. mgq / dl
Control OVX 8 684.0 £ 9.6ab 0.027 +£0.001b 10.41 % 0.50
Sham 8 6704 *169bc 0.170 *0.018a 10.27 * 0.50
GGH OVX 7 7056 *25a 0.025 *+ 0.002b 10.61 £ 0.72
Sham 8 664.5 * 8.3bc 0.185 *+ 0.015a 10.46 * 0.48
P-GGH OVX ¥ 701.0 £ 24a 0.027 +0.001b 10.41 £ 0.88
Sham 8 647.7 L 138¢ 0.204 *+0.027a 10.05 * 0.36
ANOVA P value
Diet (A) P =0.585 P =0.550 NS
Operation (B) P <0.001 P <0.001 NS
A XB P =0.178 P =0569 NS

Values are means*standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
NS: no significant difference between any values.




Table 6-3-1. HiRGARMBEOERERUELIRZES (F 18, F2:8)
No. of rats Food Intake for Balance Periods
1st Week 2nd Week
n g /3days g / 3days
Control OVX 8 46.4 =+ 19bc 524 X 1.0ab
Sham 8 49.3 =+ 1.7 abc 496 =+ 2.1ac
GGH  0OVX 7 53.0 *+1.9a 54.0 + 0.1ab
Sham 8 462 tR22¢ 50.6 *15ab
P-GGH OVX 7 51.3 *+=0.8ab 541 *0.1a
Sham 8 458 *14c 440 =+ 20d
ANOVAP value
Diet (A) P =0.602 P =0087
Operation (B) P =0.033 P <0.001
A X B P =0.017 P =0.031
No. of rats Feces Dry Weight
1st Week 2nd Week
n g/ 3days g / 3days
Control OVX 8 260 *0.24c 280 *=0.20cd
Sham 8 276 =+ 0.17 bc 264 £ 0.11d
GGH OVvX 7 3.60 *£0.32a 3.71 = 0.20a
Sham 8 325 *+024abc 333 *0.17ab
P-GGH OVX 7 297 *0.11abc 3.20 =+ 0.12bc
Sham 8 3.38 = 0.30ab 263 =+ 0.10d
ANOVAP value
Diet (A) P =0.014 P <0.001
Operation (B) P =0J18 P =0.006
AXB P «0.80] P =0.440
Values are means *standard errors. Values not sharing a common
superscript are significantly different at P <0.05.
NS: no significant difference between any values.




Table 6-3-2. HiREBRIARIDIBRERUEBEWIZES (F 458, £68)
No. of rats Food Intake for Balance Periods
4th Week 6th Week
n g / 3days g/ 3days
Control OVX 8 455 =+ 0.1a 435 *+1.0
Sham 8 437 *11a 383 45
GGH OVX 7 454 *+02a 443 =+ 0.6
Sham 8 443 +05a 43.8 + 0.8
P-GGH OVX 7 452 =+ 0.1a 453 =+ 0.2
Sham 8 405 =*+18b 414 *1.6
ANOVAP value
Diet (A) P =0.094 NS
Operation (B) P =0.003 NS
AXB P =0.153 NS
No. of rats Feces Dry Weight
4th Week 6th Week
n g / 3days g / 3days
Control OVX 8 2,85 £ 0.07 287 £032b
Sham 8 2.88 =+ 0.19 257 = 0.16b
GGH OVX 7 3.12 *+0.18 297 £ 0.14ab
Sham 8 2.78 L 0.12 3.19 £ 0.13a
P-GGH OVX 7 298 =+ 0.05 325 *0.15a
Sham 8 289 =+ 0.24 290 *0.20ab
ANOVAP value
Diet (A) NS P =0.008
Operation (B) NS P =0543
AXB NS P =0,192
Values are means +standard errors. Values not sharing a common
superscript are significantly different at P <0.05.
NS: no significant difference between any values.




Table 6-4. [EIBABYMFOEAE. BHLSOLEBLUTHIL S D LRA{EE

No. of rats Soluble Ca Total Ca Ca solubility
n (umol /g of contents) (umol /g of contents) (%)
Control OVX 8 144 +35b 134.1 +11.0 105 £19b
Sham 8 162 £ 18b 136.0 * 8.4 120 £ 1.1b
GGH OVX 7 15.0 £29b 129.1 + 185 119 £18b
Sham 8 169 *21ab 18391 £ 123 12.1 Tt B
P-GGH OVX 7 239 *22a 146.0 *+ 14.8 16.7 t1.2a
Sham 8 228 Tt 14a 1340 £ 75 170 * 06a
ANOVA P value
Diet (A) P =0.001 NS P <0.001
Operation (B) P.20.650 NS P =0.501
AXB P =0,754 NS P =0.850

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
NS: no significant difference between any values.
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Table 6-5. EEABYTOAARME. BALSVLESLUANL D D LALAER

No. of rats Soluble Ca Total Ca Ca solubility
n (umol /g of contents) (u mol / g of contents) (%)
Control OVX 8 108 1.7 76.3 *42a 11H:0~E1.96
Sham 8 123 = 1.9 846 *t76a TES 13D
GGH OoVvX 7 10.3 * 1.8 43.1 £88D 21.8 £ 41a
Sham 8 7.7 *21 409 *+11.4b 16.4 * 3.1ab
P-GGH OVX 7 76 15 50.0 £ 26b 189 * 2.7 ab
Sham 8 82 1.1 512 £26b 13.0 £ 19ab
ANOVA P value
Diet (A) NS P < 0.001 P =0.019
Operation (B) NS P =0582 P =0.108
AXB NS P =0.796 P =0.427

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
NS: no significant difference between any values.
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Table 6-6. EIEABYFRORLAME. BAW SO LES LU SIS D ATLRER

No. of rats Soluble Ca Total Ca Ca solubility
n (umol /g of contents) (wmol / g of contents) (%)
Control OVX 8 102 *43a 979 *8.7ab 10.0 £3.8ab
Sham 8 11.0 £ 19ab 109.1 X 17.6a 10.2 *14ab
GGH OvX 7 6.7 X 15ab 771 £25.0abc 113 *21ab
Sham 8 71 £18ab 532 +2058¢ 1568 £ 2.1ab
P-GGH OVX 7 47 *06ab 541 £9.0bc 94 *0.7b
Sham 8 3.7 £09b 48.1 *138.7c 85 *14b
ANOVAP value
Diet (A) P =0.026 P =0013 P =0.273
Operation (B) P =0.440 P =0.546 P =0.878
AXB P =0.7563 P =0.589 P = 0.291

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
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Table 6-7. H{LERBWMDOPH A

No. of rats ileum cecum colon
Control OVX 8 6.75 *0.19 6.72 * 0.04 a 6.10 * 0.21ab
Sham 8 678 T 0.13 6.45 * 0.19a 6.34 * 0.06 a
GGH OVX {4 655 T 020 572 +0.18b 5.87 *+0.14b
Sham 8 6.76 * 0.11 574 £ 0.19b 585 *0.13b
P-GGH OVX 7 638 £012 570 +£010b  6.05 + 0.02ab
Sham 8 6562 * 0.08 5.70. £ 0.15b 6.05 * 0.08 ab
ANOVA P value
Diet (A) NS P <0.001 P =0.020
Operation (B) NS P =0828 P =0.474
A XB NS P =.0.907 P =0522

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
NS: no significant difference between any values.
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Table 6-8. [Elis, EBRUKBEES

No. of rats ileum cecum colon
n g/100 g - B.W. g/100 g - B.W. g/100 g - B.W.
Control OVX 8 0.746 £ 0.182 0.337 £ 0.013c 0.366 = 0.020
Sham 8 0.701 £ 0.087 0376 =+ 0.041bc 0.371 =+ 0.014
GGH OVX % 0.676 £ 0.064 0516 =+ 0.046a 0.376 =+ 0.026
Sham 8 0.608 = 0.031 0.460 £ 0.020ab 0.387 £ 0.014
P-GGH OVX 7 0.775 £0.109 0492 *0.045a 0.336 =+ 0.014
Sham 8 0.617 £ 0.042 0480 +0.038a 0.385 =+ 0.011
ANOVAP value
Diet (A) NS P =0,001 NS
Operation (B) NS P =0.748 NS
AXB NS P =0.434 NS

Values are means * standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
NS: no significant difference between any values.
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Table 6-9. [lf5, EBARUEHEATYES

No. of rats ileum cecum colon
n g/100 g - B.W. g/100 g - B.W. g/100 g - B.W.
Control OVX 8 0.18 =+ 0.06 0.85 *0.05b 0.11 =% 0.05
Sham 8 0.18 =+ 0.02 0.91 £ 0.09b 0.14 £ 0.03
GGH OVX '3 045 =+ 0.04 1.76 * 0.15a 0.19 = 0.04
Sham 8 0.23 £ 0.07 155 * 0.14a 0.19 = 0.06
P-GGH OVX 7 0.18 =+ 0.04 1.83 * 0.12a 0.17 = 0.05
Sham 8 023 " 0.03 1.53 * 0.10a 0.23 £ 0.07
ANOVA P value
Diet (A) NS P <0.001 NS
Operation (B) NS P =0121 NS
A XB NS P =0.286 NS

Values are means *standard errors. Values not sharing a common superscript are
significantly different at P <0.05.
NS: no significant difference between any values.
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Table 6-10. EBABYMTOEHRE=E (umol /content) ) F
Control " SGH P-GGH
N=8 =7 =7
Ovariectomized
Acetate 588 *+6.2c 220 * 66 a 98.8 * 14.4bc
~ Propionate 214 Lt 25¢ 815 *169a 57.9 104 ab
Butyrate 588 * 1.833b 243 T 85a 124 *25ab
Isovalerate 2.19 *+ 0.32ab 2.13 = 0.70ab 279 *065a
Total SCFA 88.3 *t9.2c 338 +74a 172 +.25bc
Lactate 324 +0.22b 205 +73a 543 =+ 1.08b
Succinate 1.65 *+ 0.63b 457 =+ 0.83ab 8.19 * 4.62ab
Control ~ GGH -~ P-GGH
N =8 =8 N=14
Sham
Acetate 66.1 1+ 35¢ 183 =+ 32ab 703 +88¢
Propionate 272 1'88¢ 67.5 * 9.5ab 415 *45bc
Butyrate 519 = 0.59b 245 *+7.1a 144 * 1.8ab
Isovalerate 1.54 + 0.33ab 0.64 043D 1.05 £ 0.50b
Total SCFA 99.1 £ 8.8¢c 276 * 40ab 127 *14c
Lactate 1.983 +0.74b 16.2 +3.3a 411 +=0.38b
Succinate 6.43 +1.12b 202 *73a 3.60 +£0.84b
P value
Diet (A) Operation ( B) A X B
Acetate < 0.001 0.360 0.677
Propionate < 0.001 0.310 0.473
Butyrate < 0.001 0.985 0.938
Isovalerate 0.518 0.004 0.551
Total SCFA  <0.001 0.315 0.618
Lactate < 0.001 0.427 0.885
Succinate 0.027 0.241 0.142
Each value is the mean £ SE. Values not sharing a common superscript are
significantly different at P <0.05.
Total SCFA is the sum of acetate, propionate, butyrate, and isovalerate.
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Table 6-11. {EBASRMHPOEKERE (wumol /content)
Control GGH P-GGH
Nz =7 =7
Ovariectomized
Acetate 1.35 £1.09b 6.73 * 3.14a 1.68 +0.82b
Propionate 714 £293b 209 *t6.1a 546 *1.41b
Butyrate 0.00 £0.00b 0.22 £0.18b 0.00 = 0.00b
Isovalerate 0.03 * 0.03 0.00 £ 0.00 0.00 £ 0.00
Total SCFA 8.52 +3.98b 29.0 £ 86a 714 +214b
Lactate 0.30 £0.30b 1.34 + 0.57a 0.00 +0.00b
Succinate 0.66 =+ 0.44 0.50 =+ 0.25 0.24 =+ 0.16
Control  GGH P-GGH
=6 =8 =8
Sham
Acetate 252 £ 0.93a 7.48 =+ 3.09a 224 £090b
Propionate 114 *4.7ab 19.2 +56a 8.7 LA ER
Butyrate 0.36 £0.36b 249 *1.24a 0.00 = 0.00b
Isovalerate 0.00 £ 0.00 0.00 =+ 0.00 0.03 =+ 0.03
Total SCFA 143 *59ab 292 t96a .97 £207b
Lactate 031 =031b 149 + 059a 0.13 +0.13b
Succinate 2062 X193 512 +292 0.18 + 0.13
P value
Diet (A) Operation ( B) A X B
Acetate 0.004 0.723 0.938
Propionate 0.005 0.7905 0.780
Butyrate 0.026 0.098 0.176
Isovalerate 0.579 0.911 0.225
Total SCFA 0.039 0.022 0.203
Lactate 0.003 0.767 0.981
Succinate 0.221 0.100 0.345
Each value is the mean + SE. Values not sharing a common superscript are
significantly different at P <0.05.
Total SCFA is the sum of acetate, propionate, butyrate, and isovalerate.
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We determined the difference of apparent calcium absorption among means of the six
groups of sham and OVX rats within the same day. Plots not sharing a common

superscript letter within the same day of OVX and sham-rats are significantly different at

P<0.05.
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Graphs show the results of time-based changes in the apparent calcium absorption in
OVX and sham operated rats for the first week (d4-d7), second week (d11-d14), fourth
week (d25-d28), and sixth week (d39-d42). Each value is the mean for eight (Control-
OVX, and all-Sham) or seven (GGH and P-GGH-OVX) rats with SE shown as a vertical

bar. “+” shows a significant difference from the first week within the same group at
P<0.05.
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Fig. 6-3 Concentration of Calcium in Femur in Rats. Each value is the mean for eight
(Control-OVX, and all-Sham) or seven (GGH and P-GGH-OVX) rats with SE shown as a
vertical bar. Values not sharing a common superscript are significantly different at
P<0.05.
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Fig.6-4 Strength of the Left Femur in Rats. Each value is the mean for eight (Control-OVX,
and all-Sham) or seven (GGH and P-GGH-OVX) rats with SE shown as a vertical bar.

Values not sharing a common superscript are significantly different at P<0.05.
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