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I. Abstract
Background
Osteoporosis increases the risk of bone fractures in the elderly, and in consequence

leads to the need of nursing care. The fear of slip/falling limits the activities of the
elderly decrease their exercise. The decreased exercise leads to sarcopenia. This creates
a vicious circle of reduced motor function and further decline of muscle strength.
Additive formula diet (AFD) contains fructo-oligosaccharide (FOS), isoflavone (ISO)
and 1 % Ca as a supplement for patients with osteoporosis to supply sufficient calcium
intake and absorption.
Objectives

This study aimed to develop and test the effect of AFD to low mineral diet fed and
ovariectomized (OVX) osteoporosis rats. The bone volume and bone quality was
assessed as the outcome of the study.
Material and Methods
Researchl

Ten rats were randomly assigned into 2 groups (n=5). The 2 groups were fed a
low-mineral diet (LMD; Oriental Koubo Industry Co., Tokyo, Japan) for 189 days. At
190 days, the rats were fed LMD+Normal mineral diet (NMD), and LMD+AFD for 84
days. The mice were euthanized with carbon dioxide after blood collection from the
jugular vein. Under anesthesia, the femur was removed after 273 days of intervention.
Research2

Sixteen 20-week old ovariectomized rats were randomly distributed into 2 groups;
one group was fed normal diet (n = 8) and the second group was fed AFD (n = 8). Both
groups were fed for 24 weeks, and body weight was measured at 8 and 24 weeks. After

measuring the weight at 24 weeks, rats were euthanized using carbon dioxide. Lateral



femur bone was extracted, and Bone Mineral Density (BMD) and Bone Mineral Content
(BMC) were measured via micro computed tomography. Non-decalcified ground
sections of the femur were examined via polarized-light microscopy.
Results

AFD showed significant improvement of bone volume, BMD and BMC, and bone
quality, bone structure; both with LMD and OVX rats compared to NMD fed rats. The
supplement also showed no prominent side effect from the blood test and growth.
Conclusion

Based on the results of Study I and Study II, AFD showed significant an effect of
improving BMD, BMC and trabecular structure of osteoporosis rats with malnutrition
and OVX. Therefore, it was suggested that AFD improves trabecular structure for

osteoporosis.



0. #s

R OBA IZEIMERIICH v, MADIZED S 65l Eo A0 HEIE, 1950
D 51%05 2010 D 7.7%~EH L Tnb, RO &EEBLIZA %R D SHICHE
BTs "EEbhT0sanrT, BARBCBEERLEEZEZ TS D, &
R b XY mEE OB R X OEESICEET 2RBEAEML, £ OXs T EE
MR L 7o TV, 7 27 [ TIXRBEE SHEE 725 Z 0 204 T3RFISHI L,
Zo8ERMARLECTEDENTNDS Y, ARTHE OBFMEBBENELET
EENTVDER, REHIFHHRICZLL, BELLTVWIRRETHD Y, BEE
(Bone mineral density A F BMD) DX N4 £ L T 5 FHBREIX, mEick
FHEIOHEM, OWVWTEENEFOHEMAFKE RS EEZLNTVND, DT
OCENERRT 2 L HERORR N GITH NGRS L, EHEE L H IO %
IV N aAR=T RFEHR I, FEEREOE TIZME S ADL (AW AFEEE) 0K T
ERIERITMZABEIEEBLIOBHONAA VX7 IOTH D Z LB
ENTVDEOIEMFENEEICH L aX=T OREEZZETHENEL N & NEEL
TWbEEZLND,

WREI B T 2B HERIEICE T ®MEL LT, BHRELHEOBEKLE OMIC
ERMEERODE L VI HRE D, (& BMD OFHEERE TIXHBERNAE
KIETLTWS EoWE "8h 5, £/, BHREICREL T2 WEREE X
BEBLTWIEEEE L LB L CHRICHBERAGEVEO®RE Yo b D, o

BHBREO T ESEIL, 2F5BLONEHEKICE T 2 EEmE O I & QOL

DHEFFICEBERERHZRLLTWVWDL EEZILND

PR s Z LIV @l E OB RINEIZEORKEEZ K&E EES 29I

BEBIONBFHEOERTZHS LI TWD, PRI, WG LS FH TEMB

3% AT LS, MREBEFHRIEORERERD —DEINTWD, £z,
BB TNE IS D AR OKRTICEIVEY IV DORBBETL, vy



LAEIFLHETIIXTIABOBECETIRNENETFTTLLShTnd 7,
Fio, BEABEE OF 25 FEEREREREFAE kD E S0 Lo B LIck

FHANT Y AOBBREIEEOHELHLER DICEL TV RN ERE S
T35,

BEEOKRTZTPHIL, B 201k LE#E S A O QOLIK N2 <7
DI, BEEOKTPHICHA N Y LOBRMBEFE Lic & 5 EE O EKRR
DE N H B LI, AT T AORMBHRERE DT T ADERNRILE
WETHZERROLATVS,

ZoXHy B oM, ANy AEROMEEZBNICEBEDNRIZODZY
B TEL2H T XA FORBEEERNRINEZ KL EFET D720 WINZ R % [ L
SELEAEOMFBINITONTE T, BITHAETEI AL T LOERE X CRIO
PEEZBWIC, IV T LERRETDIRT VS ORIRE R I O N E
EEEWT 5777 MAY I (LLFFOS) ', BAMIEICE > Tz s A — i
EWINDZETHROWZA M YU EEZRT 54 Y778 (LLF 1S0) '*1
BT 2 ERN TR C&z, LML, 25 OMRiHE FOS £ 721X ISO @ HL %
DEHFBRIEZMETHY, IAv U sEREBTREIARNWTE L, £2T
Nakada & *" Vi3 h v AZBRLLTL, RNOD LYY AR R EZ BB
L7Z FOS, ISOBXQRY vEBANLT T L (3.0% HILY T AEHR) O3 MRS
TUVAURNERBL, 7y MIfAkEE L TERSEE/BR, BHREO TR X
O RBBE B @ OB RE DN LICX2FEORFICANTHDL EOMEL LI,
LrL, BFINTNWD 3.0% VT AREIFARICE > CTHLEERES B X
TEY, RBOHBEEZHT AREESD S L bHE LTS 20, 2 2 TARIF%RIE
Nakada D 3 RSV 7V A MABHZE T LUV U LARELZ —fRTHRS
NTWVHEEERRED 1.0% 0V T AEEICHEL, VB Ly U ab s
VBN T AOBRLEEEZEE L, 1SO B L FOS O 1Tl L o@D
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TR CEE L Uiz 2> 2% 7272 3 IR A %t (Additive Formula Diet, 2L T AFD)
FEUE LT, RBFRIL, BHRIEET VT v MZBIT 5 AFD OBIN, & 2#EiE
WCHEZDEBEEZHLNCT LI LEZEMIC, RRERBEMHRIEET VT v M &R
fHEHEZET v F (BLF OVX) 12 AFD 2 Nl S8, KBREE®HHICB T
HEMRBLOFREEEOLE LA EZRF L, £FHET &L T1) AFD
DZEME DR & MR AL FREICTITY, 2) KREBFHRIET v FO KRG
BERICAETHORZEEBIOEEMIE, 3) RCHEMEZ W THRENICER
DEALB LRI ZBRF Lo W THFJET & LT AFD 28R B T » h o
KIEBEEH#ECBIIETHELZ 1) BESLOCERHEE, 2) FIEEKEZ AV

B REOEAL L ORERIEZBE LR 21T - 12,

=i

M. #F%E 1 : 7727 AV I, A V7T R B 7o @BhLry ARG

oi

B (AFD) ICX 2 BHIKIES v b OKIEEEE~DME (HAKFH 5 %505

Wy I & B 2K (AP13MDO00S))

1. MBB LU

1) fi koo B AR

il BHT AFD, BB BB L O EFERE L /UIEL 72, AFD (4 U = > Z VEERE (BR),
HA, BAR) IXEESE THDH AIN-93M (A4 U = ¥ VEERE (BF), Hat, AA)
\Z FOS, ISO, 7 = MBAN Y U LABIOCY VAN T LEZRAEL, IV D
LREEZ 1.0%CHBELE DL Lie, BERE (U = 2 VEERE (BR), BT,
H A, Low Mineral Diet, LA F LMD) 1% AIN-93M O H L > 7 A, U Y EZNEN
0.1%B L7 vF 0.001%LL FiIZLzb D& L, Tl (FU = X vigEf (%),
A, HA, Normal Mineral Diet, LL N NMD) 1% AIN-93M O 1 /L 7 L& % fk
AN TLBEIR) VBN T AZEST 1.0%E Leb DL Lz, AFD,

LMD 35 L U8 NMD D # k% @ 7 #ll 2 Table 1 (2”77,



2) FEBREWY(Fig.1)

FREWIE 19 Wis Wistar #EVET » F (&) =B 7 A% —E 2, HAK) 20
BHE L, B 22 1CIBEBLVCS50+1%T, B LOKEZHBRICERTE
OB L, 1 HEMOTFPHEASTZITWREZMICIEES S 7%, 20 8k IC
#EVEZ I 2 B (LMD+NMD 5 & (8 LMD+AFD) (2810 715 7=, 4 BE1% 20 i
RE72 5 189 A LMD R L, BHRETT LT > b, L L%, 190 A
H72 5 83 HI# AFD £ 7213 NMD Z IS W7z, FHIE, T A 273 AT RER
HAZTREFSE, REEFOMHZITY, UTOHIEICIYAEEZIT - T,
B, Ty FORERERIOKREZHERE T S5 HNT, 20 Hif, /A 189 A%

BXOMA2BBHBEZEOKELREL -,

3) WE ik
(1) ik A b5 f A
LRI ORI FIR L 0 R 217V, =050 BER T 3000 HHE5/5y, 5 4=
DB EAT o 7o, MIRAEMFEREZKE ((BK) £/ VA, AR) Li,
(2) BMD ¥ LU BMC Ol &
it L7= KBBE % Nakada & "0 FIEICHEVY, Micro Computer Tomography
(R_mCT 2%, (%) V#7, BA, AT CT) ZHVWCTHEBEEIT-7/. CT O
B, BEIR 160 A, FEIE 90kV, FOVI0O mm, fiREFEM 26 7, A7 &
LA A X 20 pmX20u mX20pu m & U7z, #5446 13 KR E s AL B #% 06 (6.0mm

7

il

X5.0mmX3.0mm) & L, BMD £ X O BMC Ol & % 1T - 7= (Fig.2), ‘B &
7 > I & (hydroxyapatite & 4 %: 200mg/cm’, 300mg/cm’, 400mg/cm?, 500 mg/cm?,
600mg/cm’, 700mg/cm’, 800mg/cm’, ¥ X ' 1,550mg/cm®) % CT #f L,
TRI/3D-BON BMD ((#£) Ratoc System Engineering, H A, L TRI/3D-BON)

WCTC7 72 PO CTHEEZKREBLIOBRERZ/ER L7, BMD B X U BMC I



B LW E O CTEA 5 TRI/3D-BON IZ THEM L7-mEME 0 B L,
(3) 3D-map IZ & % BMD O #%2
ikt L 7= — # % TRI/3D-BON (2 T 3Dimensional- map (LA F 3D-map) (2T

BT =~ BT EITV, KB EENE SumEE O BMD O824 1T -7,

(4) B S

CT XV 155 47 M & o W i 44 Z JH v T, TRI/3D-BON (T T i 4% 1 1
%17 > 7=, FFHITE H 1 Trabecular Thickness (‘& %1E, LLF Tb.Th), Trabecular
Number (‘B %%, LLF Tb.N), Trabecular Separation (‘B %[ EEEf, LT Tb.Sp),
Trabecular Spacing (‘5 42 4.0 Al BEEfE, LL T Tb.Spac) , Trabecular Bone Pattern factor

(B odfEPE, LUF TBP), Structure Model Index (‘B OHE, LLTF SMI)
L L7, 2%k, TBPf B RICMAEHMEDZ WL AIZADMEL 20 B 3o ER

IR T, MEBEDZ WL ASITEDOHER YV BFRZOEEIIRNR 725D, SMI

I, 4ICEH S RESND, BROBENKROBEIT T4), BROBAIT
(3], IRIKOGEITT0), LRV ERPMREGREDO L S FIHMEOTHIMEE 2D,

(5) FEBLIKTBE AR A O B %%

f
1

U 7o RBRE B w8 O JE B KO BEAE AR 2 R L, WERR B & & OBl

‘_[

AT o7, EAROERIL, KBEA2 7L a— L 0@ EREESR, BAKZTN, *
YL ERAWTHIEEZIT 7=, £ D%, Methyl Methacrylate fifflg (4 A7 4 L
TV TM aiX v b (BR) MM TR, BAR) ML, @B LNV
RO 24T o7z, Wl SN2 8 IZ A BB E U (ISOMET, BUEHLER, USA)
ICTCREBEE O EHE#ICK L TRRGMICHEY, 8L OHELITV, E I 100um &
L7z, ER L 7- AT RCEME (LEICA M60, Leica Microsystems GmbH,

Germany) ZH W THRRIEIC THEREEB X MR EHHEOBEEZIT- 12,

4) gt



2 BEM oK E, M E/LFERAERSE, BMD, BMC B X OVE 2R &2 o ik

Z Mann-Whitney U R E X 1T > 72 (HFEMHE 5 %),

2. R

1) KEAE
NMD BEIX AFD BE L LB L CTAH A 189 BB L O A 273 HEICB W THEILE

VMl Z 7R L 72 (Table 2),

2) MR AR A
LMD+AFD @ H ¥ g 11X LMD+NMD & lbifig L CTH B IZIK VW E 2 7~ L 7= (Table

(p<0.05),

3) BMD ¥ X ) BMC
BMD B X UBMC & & 12 LMD + AFD 73 LMD + NMD & e L T E I & W E

% 7~ L 72 (p<0.05) (Table 4),

4) 3D-map (Z X % BMD O # %2
BT — A=, RENREWVBMD 2R3 L, FEAICEBITT HIZHE WKV BMD
ZEMBIEIN

—

7R3, LMD+AFD O ¥ #iE L LMD+NMD & Hi#g L BMD 28 & W
7= (Fig.3).

5) ‘B BRARE R
ZAEE R O R R 2 Table 5 128§, B RMEEFIIC LV lBRETHTROEES
L O AR AR O FEAM

(1) Tb.Th

B0 A <9 Tb.Th %X, LMD+AFD 7% LMD+NMD & kb L CTH EIZ &Vl

Za L (p<0.05) AFD fEHHEZY NMD A & i L TRWEHRIETH S 2 &
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DR STz,

(2) Tb.N

B & 7T Tb.N IX, LMD+AFD »% LMD+NMD & ik L CH B E Wl %
L (p<0.05) AFD #HUHEZY NMD #HHHE & i L THE R OBEME N RIZ I
77

(3) Tb.Sp

B R 2 7R3 Tb.Sp 1%, LMD+AFD 78 LMD+NMD & i L CAH EIT/E W
il 278 ® (p<0.05) AFD #EHHEZY NMD B i & bt U i i BEEE 2 5 < B 32
O EWNE B E OB RE I,

(4) Tb.Spac

5 % BEHE 2 759 Tb.Spac (%, LMD+AFD 7% LMD+NMD & i L TH &
IDOEEBDT, (p<0.05), T XY, AFD EHAE X NMD fEHEE & g L ¢
BREOE#ZZROEBEOEMBR®E I,

(5) TBPf

FROEEM A2 T TBPf X, EOEEZ L, WML I HEDOEL N

]
&
A

D ENRENT,
(6) SMI

BROFEEZTRTSMIT, WML BICEAREBEZEL TV Z NSz,

6 ) FEWLIK AT BE AR A 0 B 5%

LMD+AFD O ## 13% LMD+NMD & Hoi U T 5 ZF L o283 % <,
ZWENRRKE WV, LA > T AFD B IWHEE T ROBENG N2 ERBEIN
72 (Fig.4), & 51T AFD BB IR WRIEFFERBIE S 2 &6 NMD #

WL 2T =7 MO ETHRED ZEBRBRI T,

3. /hiE
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PLEDRENLLU T Z ERN/NEENT,
1) IKEBEHPZRIERET v MCAFD 2RS4 4 NMD 2RSS T v
FEHEBBLTAEREIZEWEEEBBLIWEEEN GO,

2) KRB EHEHRIERES ZAFD #HER S E7-54, NMDERIE-T v

:IH
FHT
)
i
i
*
e
3
<
a8
(O
oy
a’r

e L CTHEEICEED
PLEX Y, AFD # Bl S H IR KEBEHRIERET v NI NMD 28Il 727

vy FEHBLTHEEBIOFEOUFICAETHL Z LR INT,

V. WFFEI: IR E & &k (AFD) 2NUREFH Z v b (OVX) O RBEF F O
EICRBXETHOR (FARERFHZMEIMERE B KR

(AP13MDO13))

1. MER LUk
1) ko R

fAlBHEBFZE 1T TRV /2 AFD 38 X OV NMD % fif i L 7= (Table 1),

2) EEREWY

E BB 0w MO R R A AT o 19 EE o M RIEE T Y
(Ovariectomized rat, 2L F OVX) Wistar M7 » b ((#%) =W 7 A% —v 2, H
AK) 16 & LTz, 7y hOMEBEIX=ER 2321 CE X EE 50£1%& L, i LW
KIZEHRIZERTESH0E Lz, | BB O THEE 2T VWEREZ(ICIES S &
=%, 20 BEEEICEIESLC 2 B (OVX+HNMD B & 8 OVX+AFD) ([ZEIfF 5 A &
BldE L7, & BEIL, WA 24 BRZRICIREE T A CTLEFE S, KIREORMEZ1T -
7= (Fig.5), 72d, 7 v FORFEREL L OREEZHET 2720, T A8 HE, 2

W% E 2 RE L,
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3) WE ik

(1) BMD & L U BMC O Jl &

i i U 72 KB4 % Nakada & 2V FIEICHEW CT St %47 - 72, CT D4k
fRix, P98 T AR TS 5 (Fig.2), WL 1 CRMRICHEERE Y 7 > F A Z CT
THM L, TRI/3D-BONIZCT 7 7> b A D CTAZKIEL, BEREIER L,
BMD £ L O BMC (3R L7-#E#45 O CTHENS/ER LI-mERE AW TH T
L7,

(2) 3D-map O # %2

fFZE 1 & [RAR I8 L7=F — ¥ % TRI/3D-BON (Z T 3Dimensional-map (L4 F
3D-map) ZCH T —~ v 7 &ATV, KRG =AM E & o BMD 4 #8142
L7,

(3) B Z:Hs &5

WF7E 1T & RARIS CT & V155 h i & o W&l 2 v T, TRI/3D-BON
W CHERMERH 21T - 72,

(4) FEWLIR A BE AT A 0> 8 2%

e 1 & RAR IS KRR B w0 350 0 FE BL IR AFF BE AR A 2 AL U, i B B A 3
DB HAT > 7o, EARITRCHEMEE 2 AV CTRIREIC TF RSB X ORI
YOBEE AT - 72,

4) MM
KHE, BMD, BMC 3 X OVE 22 &5l o 2 BER O b 1% Student’s t-test (& THT

ol (AEERS5%).

2. R
1) K&
NMD #1X AFD Bt & b L T A S EZE B L O 24 % I8 W T NMD BN A
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BElZEWHE %7k L7z (Table 6),

2) BMD £ X O BMC
BMD B X O BMC & H 12 OVX+AFD 7% OVX+NMD & ik L CTH &I E Wl

7~ L 72 (p<0.05) (Table 7).

3) 3D-map O #l%

%

MR L1IIEREON 7 — A — )L THELEZHKEE OVX+AFD D F#HF OVX+

NMD & kel L BMD 280 2 & BN S - (Fig.6).

4) H AR ISR

B

e

B GH O RS R & Table 8 (2777, B RMEEFHRNIC XV fEMRE T RO

RERF OREABIEZ ST,

(1) Tb.Th

B0 % 73 Tb.Th 1%, AFD #EHEUEE (X NMD #EHEE & il L CTHE I & VE
LTz (p<0.05), Z4v &V, AFD fEHHE L NMD f#HHRE & btk U T/ 280
HFEZWVWZ LN RENTE,

(2) Tb.N

B A&7 Tb.N (%, AFD EHEEIX NMD R L L TAZICEH W

Z o L7z (p<0.05),

(3) Tb.Sp

B M EEREA <3 Tb.Sp 1L, AFD UL NMD BH#E & ki L CTHEIZ
WEZ R L7722 & D (p<0.05), AFD [IBZFE Lo EEENE W £ 72135 R
DEIMARE T,

(4) Tb.Spac

B O BEEEA R Tb.Spac 1, AFD fEHAE X NMD fEBUEE & g L €
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BICEWEZ R L Z &5 (p<0.05), AFD [ZHRELORBENSE N &0
mENT,

(5) TBPf

B oEFEE A 7 TBPf 1%, AFD #HUif S X OV NMD 2 B 13 1E O % 7R

L7z enbmBELE bICHERRAEHMOEMPIZL S, BEFEEDNARTH DL Z &N

DIEHE % 773 SMI I, AFD B2 3.0, NMD f#Z#HAEEN 3.1 THh - 7=,
5) WL IK F BE A AR D B %2
KB 2 AL H #0120 C, AFD SRIREE 1L NMD B0 & el L T e B R O

M H RS N BLZ S, AFD BFICHBRWROERE S BLZE S iz (Fig.7).

3. /NFE

1) JRERHHEMERIE 7 v MZ AFD 2B S E 725G NMD 2 #IRs ¥/ 7 v b
CHBLTCARICAEVWEEEBIOFEEN G LN,

2) UNERHEMERIET v MZ AFD 2Bl ¥ 5G4, NMDERSELZ7 v b
L THRBRICEED S WIERETERBENS LN,

PLEX VY, AFD IS E 7 PR HE HMRIEKREZ v NI NMD ##8HE L 7=

>

7y bR LTHER

BIOBEODKENAE TOHDL I ENRBINT,

i

V. BH
R 2% B HLRRE 5 K OVUN B B MR E 7 » M IZ AFD Z % HHE IR S &, KRERE

H@HMICBITD2BERBLOEHEOLHEL AOEEZRANT D2 &2 HMIC

DI IEEAT TR, AFD OZ &ML WET VT v MZEBWT NMD 2 L 72

GHELEBELTABCEVWERERS L OFER LB EO VBN E & RHEENG
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bivlc, T7b b, HFE T TIERME AL RAIT IV T AFD fFEEUHE O LS I 23
&2 R L7z, Z40E ISO OEMMEI R e L v RO R T A BR S h 5
EWVWOIHREICIDIZEMNELTEbDEEZEXLND, —FH, KEAEIZE W TEWM
REEBRDERD R o e bEBOZEMERERINTZLELOND,
BMD £ £ ' BMC /X AFD ElBFICB W THEICE WHEZZE®, 3D-map OB
BOWTHRBEOMENBERINTZ, S51T, BFEOFMIC AV 725 2 &I
FBWT AFD I NMD #f L i L THEOHA LA BERTEHOEIF L, &
ARG BB B 2270 &, AFD BEIT 5 B D i W BB R T & 3RO R O B I A
BESNTZ,NMD & AFD BRI ALY T ARETH Y 723 5 AFD A BT %
BREPOBWVWERLBEOLFEICHREZ R LZDIT AFD @ ISO, FOS B LW
JZUBANT T ADHRIZELDEZABDL BRIV EEZLNDL, TN TYH
BMD 1 X O'BMC /X AFD BEIENMD ALV b FREICHEWHEZ R L, & 512 3D-map
IZ3 T AFD FfiE NMD #f & Hh#e L Cmiv BMD 238152 C & 7o B oA i 5
AFD #f & NMD FFICHEREZRB O, METFROBEENRGWNI LBBESH,
{f e BE M BT 81 % T UX AFD 8 HUBE 1X NMD 8 B & ik U CE g o |3 % < Blgg
ENTZ, OVX TR HHEHRE O % 1SO D= A a7 URERIC X » THiE L,
AFD B W THMENARICEH WV BMD & LTHBEINZbDEEX NS, L
E, 2o THILZ SN2 BMD, BMC, B XOHERHEEFWICH T 5 HF DR
13X NMD & H# L T AFD IZEAE STV ORI OHENEEL TND EER
Siviz, AFD 1%, FOS'”, 1SO"™'" U vEAIN v U ABEIG 7 v LY T A
N STV 5 IEHIC AFD 1% Nakada & Vo ffge Tl S h-fi Bt 2 B L,
VYBRANTY LN ZVBANTY T LAIIERL, IV LAOREAERLA
bE¥TERELL, Z7ZUBANY Y LE, TRV 7Y A MCBLTHHESRT
WDHRBEA LY T AL L T, RINSNDBICHLERBE XL — MERIZ

WAL, AT T ARESE L TAEKICRIE LTV 20920700 Tl v h & HEL
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ENnb, SHIZ, FOSIZE DAy AWMIEEEMRIC X 0 ff b vy w L
PORToAL, BRI OIEN B LHEN S D, £72, FOS DIEM TH 2 il
B#EOLEBIERAICL > T, BRLEZISOBZ A — Lo 2 ha 7 U fE
FNFEHE S L, BRI OMENICB b D EEZ LN D, A% IT AFD O AR,
AN LREO I LR LMELEBLEBERAMICONTHRIAR 2SN D LER
%, AFD OFICH = VM E UM EBNLETH DL EEZZXDLNDN,
AFD 3R ERURE S KOO ERMHEMRIET v BTy 7 Ao
B HEZ L CERRORECHRIZE T, MO LEEREORE L BEOKED

RERLEEEEZDND,

VI. fEim
el BLOWIZELT OfE R L v, AFD IZIKE®EIRER L X OVX ® BMD, BMC
BIOEREBEEZABEICKBSIEIHENRENTZ, Lo T, AFD IZ'BHERIEIC

HLUBREELRET LI LN RRENT,
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Tablel. Composition of LMD, NMD, and AFD

Composition AFD LMD NMDs;)
a-Cornstarch 31.37 3.97 4287
B-Cornstarch 15.50 11.60 15.50
Casein 14.00 14.00
Vitamin free Caseinn 14.00
L-Cystine 0.18 0.18 18.00
Dextrin 15.50
Sucrose 10.00 10.00 10.00
Soybean Oil 4.00 4.00 4.00
Cellulose Powder 5.00 5.00 5.00
Mineral Mixture 3.50 3.50 3.50
Vitamin Mixture 1.00 1.00 1.00
Choline Bitartrate 0.25 0.25 0.25
Tert-Butylhydroquinone 0.00 0.00 0.00
Additives
CaCOy, 0.90
Fructooligosaccharides 10.00
Isoflavone 0.50
Calcium citrate tetrahydrate 3.00
Calcium phosphate, Dibasic 1.70 2.80
Total %
Ca 1.03 0.10 1,01
P 0.61 0.10 0.60

We adjusted 1.0% and 0.1% of phosphorus and fluorine to 0.001% at a calcium level of

AIN-93M with LMD. NMD which coordinated calcium of AIN-93M in 1.0%. AFD

adjusted the calcium of AIN-93M to 1.0%, and combined FOS, ISO, calcium citrate.
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Table 2 Body weight

After 189 days
20 weeks old (47weeks old)

After 273 days
(59 weeks old)

LMD+NMD 216.3£5.8 266.4x17.7*
LMD+AFD 216.2%3.2 237.0%16.4

268.9425.2*
226.2%21.9 (g)
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Table 3 Biochemical examination of blood

LMD+NMD LMD+AFD
AST (IU/N) 192.8£26.3 187.0£79.3
ALT (1U/N) 42.0£6.2 37.7+3.2
ALP (IU/) 2473+37.1 253.3+44.8
Neutral fat (mg/dl) | 78 34984% 42742538
Total protein ( g/dl) 4.140.2 4.0+0.3
Albumin ( g/dl') 7.2+0.4 7.0£0.5
Blood glucose ( mg/dl) 107.6x7.5 95.010.0
Total bilirubin ( mg/dl )| 0.2£0.0 0.1£0.1
Urea nitrogen (mg/dl ) | 120+ 1.0 12.0+1.7
Total cholesterol ( mg/dl )|134.0=20 108.0113.1
Calcium ( mg/dl ) 11.3£0.1 11.3£0.6
Phosphorus ( mg/dl ) 5.8+0.3 5.6£0.2
Creatinine ( mg/dl ) 0.4£0.1 0.4+0.1
Sodium ( pEq/1 ) 144.741.2 144.0+1.0
Potassium ( pEqg/1) 4.9=+0.1 4.8+0.2
Crawl ( nEq/1) 97.3*=2.1 97.3*+1.5

#p<0.05
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Table 4 BMD and BMC of the cancellous bone

Trabecular Bone

LMD+NMD LMD+AFD

BMD 7543%82 775.0%£4.8% (mg/em)

*p<0.05

Bone density of the cancellous bone in each group after 273 days (¥*p<0.05)
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Table 5 Trabecular structure measurement

LMD+NMD __ LMD+AFD
Tb.Th  um) 68.1%1.6 78.442.7*

Tob.N  (/mm) 0.5%0.04 0.7%0.031%
Tb.Sp  (um) 218.2%8.0 87.5 £6.2%
Tb.Spac  (um) 289.4%7.1 257.2+4.8%

TBPf  (1/mm) 26.0+2.1 21.4%2.7
SMI 3.10.07 2.840.05*
p<0.05

Three-dimensional structure analysis of the trabecula in each group after 273 days

(*p<0.05)
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Table 6 Body weight

20weeks old 8weeks after 24weeks after
OVX+AFD 202.5%7.7 233.8%+7.7 267.7£9.3
OVX+NMD 202.2+4.9 284.7%+15.4* 341.5%+16.7* (@)
* p<0.05
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Table 7 BMD and BMC of the cancellous bone

Trabecular Bone

OVX+AFD OVX+NMD
BMD  768.1+11.2* 7352475 (me)
BMC  0.67%0.13* 0.17%0.07 (mg/em)

Bone density of the cancellous bone in each group after 24weeks.
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Table 8 Trabecular structure measurement

OVX+IAFD _OVX+NMD
Tb.Th (um) 76.5+2.0*  69.4+4.0
Tb.N  (I/mm) 0.3%0.02*  0.1=0.04
Tb.Sp (um)  220.8 %23.3* 427.1+48.3
Tb.Spac (um) 285.8+29.3* 496.6%50.5
TBPf  (I/mm) 21.5+0.8  25.7%49
SMI 3.0+0.05* _ 3.10.05

* p<0.05

Three-dimensional structure analysis of the trabecula in each group after 24 weeks.
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20w wistar rats

0 day n=10
Body weight measurement (day 0) | .
Intervention
Day 1 to day 189 Ingest the LMD
(189 days) n=10

v |Body weight measurement (day 189)

Ingest the NMD Ingest the AFD
Day 190 to day 272 || (L.MD+NMD) ( LMD+AFD )
(83 days) { n=>5 n=5

l |

Body weight measurement (day 273)

Day 273
Remove The Femur

Fig.1 Time schedule for low mineral diet rats
Ten rats were assigned into to 2-groups (n=5). LMD was adopted for 189 days from 20
weeks after birth to produce low nutrient osteoporosis rat. They were fed NMD

(LMD+NMD), and AFD (LMD+AFD) for 84 days from day 190, before euthanasia.
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Fig.2  Observation site of the thigh bone

Observation site in micro-CT. The voxel size was 20 pm x 20 pm x 20 pm for 26 s for a
tube electric current of 160 pA, tube voltage of 90 pV, FOV of 10 mm. The imaging

range in the distal thigh bone metaphysic was 6.0 mm x 5.0 mm x 3.0 mm.
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MERMESE A MERREAE A

I o 3 &8 59 B BR
w I of 4 8 0 B 5

=

EERE B

BMD: color scale

womgen’ [ DNE D 100 mglem’

Low Middle High

Fig.3 3D-map

BMD color mapping in each group after 273 days
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LMD+NMD LMD+AFD

Fig.4 Observation of the polarization microscope image
The cancellous bone was observed under a polarization microscope using the inspection

plate method
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20w OVX rats
n=16

Oweek

|« Intervention

24weeks Ingest thge AFD Ingest th; NMD
n= n=

l l

Remove The Femur

Fig.5: Time schedule of OVX rats model
Sixteen OVX rats were assigned into to 2-groups (, n=_8, respectively). They were fed

with AFD (OVX+AFD) or NMD (OVX+NMD) for 24weeks before euthanasia.
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OVX+AFD OVX+NMD
ABERBREAR
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BMD: color scale
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Low  Middle pign
Fig.6 3D — map
BMD values were color coded in the range of 300 mg / cm’® — 1500 mg / cm”.
Blue to light blue represent low BMD, yellow-green to yellow intermediate BMD, and

orange to red high BMD.
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OVX+AFD OVX+NMD

Fig.7 Polarized light micrograms
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