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Abstract

In previous studies from our lab it was demonstrated that hydrolysis of
isolated soy protein (ISP) produced ISP hydrolysate (IH) with calcium-absorption
stimulating (CAS) activity. The CAS peptide was identified as NLQGENEEEDS-
GAIVTVK (NL). Therefore, in this study ameliorating effect of NL on
osteoporosis was investigated in ovariectomized (OVX) mice. The first part was
to compare oral calcium for healthy mice (CON) and OV X mice on trabecular
parameter. The results showed that trabecular bone volume (Bone volume/Tissue
volume; BV/TV) and trabecular number (Trabecular number; Th.N) of OVX mice
were significantly lower than those of CON group, whereas trabecular separation
(Trabecular separation; Th.Sp ) significantly increased than CON gorup (p < 0.05).
BV/TV, Th.N and Th.Sp did not significantly improve after 8 weeks of oral
calcium carbonate. The bone structure of CON group was mainly rod-shaped.
Trabecular bone pattern factor (TB.Pf) and structure model index (SMI) values of
CON group were significantly higher than those of other groups. The second part
was to explore the effects of different doses of hydrolysate IH and NL on
trabecular parameter of OVX mice. The mice were randomly divided into 10
groups, including ovariectomy group (OVX), OVX with calcium group (OVX+
CaCQOg3; OC), unhydrolyzed ISP 200 mg/kg with calcium group (ISP+ CaCOs;
ISPC), low dose 100 mg/kg IH with calcium group (LIH+ CaCOs; LIHC),
medium dose 200 mg/kg IH with calcium group (MIH+ CaCO3; MIHC), high
dose 400 mg/kg IH with calcium group (HIH+CaCOs3; HIHC), low dose 50 mg/kg
NL with calcium group (LNL+ CaCOg3; LNLC), medium dose 100 mg/kg NL with
calcium group (MNL+ CaCOs;; MNLC) and high dose 200 mg/kg NL with
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calcium group ( HNL+ CaCO3; HNLC) and the casein phosphopeptide peptide
200 mg/kg with calcium group (CPP+ CaCOg3; CPPC). The results indicated that
BV/TV was significantly improved after oral LNLC, MNLC and HNLC. The
distance between trabecular bone was significantly reduced after oral any dosage
of IHC, LNLC and MNLC, respectively, which compare to positive control CPPC.
Among them, MNLC showed the highest ameliorating effect on osteoporosis.
Based on the above results, only oral calcium carbonate had no significant
improving effect on bone quality of osteoporosis mice, indicating that calcium
carbonate had limited effect on bone quality. However, oral different dosage of
IH and NL combined with calcium could promote absorption of calcium,
effectively increase Th.N and decrease Th.Sp. Soy protein hydrolysate showed
the potential to apply in the development of health food for osteoporosis after

menopause.

Key word: Peptide, soy protein, osteoporosis, calcium
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A AN ZESY R PRP~F > BAHMRANE N 15-22% &4t
ARz A R s B R R R L S FIR RS FAHSBEE
Fpep »]v{ﬁﬁ; (Bass & Chan, 2006) - 4% 4k £ ¥ iy ¢ F3Rk 0 g ~ g0k o
® B EF e RO ® 5 o (Weaver et al,,2002) o Far ROm AR BF 3 BB
%’%¥4ﬁﬁwmﬁw’\&@$Biﬁﬁ’g%%%?%i@’%gﬁ

i BT aE & 1~2%n4 o A MR AR BEARRT T ag FHp
TR R R D g R FIRA i R K4 1 3~5% (Kanis et al., 2013) -

LR RSN R F et S S {ez S a G0 el B
BEF B EAL R R fERInetal,, 2011) o B & F R
AT AT LR G BRAAT  FUPRAT 2 F R B R TR E ) ek TR
T A Rk B @ R A 7 ) * 5 (Vavrusovaetal., 2014) - § —‘F'ﬁlj’!*
4o 4. & (Guoetal., 2015)~ 3 3—F (Jiang & Mine, 2000) ~ 34 (Huang et al., 2011)
% 2 4m ¢ ft 3o (Recioetal., 2019) & 3-v %Tr » B TORFRE T E IR R A
PEAEFEE M AT A LR TR R KRR S 2 P R
BEFIPISAIL S B 2 EAT S Tan gk 0 NG AR A AT ek s Ay A
HBEP T b B augHIRBE T F 24 v 3 2 (Perego et al., 2015) -

AFPTERFADEL ZPF Trypsin$+ & 3o B 7 -Rf20F D5 3404
&4t 4 * E F-v -Kfz4 (Isolated soy protein hydrolysate ; IH) » I #-H & & 4~
1 * B sk 4p & 47 % (Reverse phase) 2 B 2 £ B+ B & K 472
(Immobilized metal affinity chromatography; IMAC)i& i7 &% » £ 12 3 »Tik 4P
R 47 8 B E S RTS8 ende TR ORI EEE > ATEER I 2 VKR |

:\zt

% NLQGENEEEDSGAIVTVK (NL) » p* 2 Bidrs B 4 S ik 474 & 4 4

1



4T L€ 5 4.19umol/img 3-¥ F (% - 2018) > & 4]* Caco-2 2 HT-29 ‘m#
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ReBEZEAaF o AP RIERF S - BHFURFELS L LR
(Haversian system) - & oo Fleh 808 5 9725 = e @ o0 FlSEF & F e 5
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TEFE gMBnA » AR ETF NP HRE G R SR T R d E b
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DA)ip#icif 4 » 2 X 7] 5 ¥ [ 1R BLEFTH P je R4 | fRep
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BVITV) ~ T 54 | £ & & (Mean trabecular thickness; Th.Th) ~ # | #2#c P
(Trabecular number; Th.N) ~ ¥ -] $#£4 & & (Trabecular separation; Th.Sp) ~ #
‘| #R-45-3¢ F]+ (Trabecular bone pattern factor; TB.Pf) ~ & 4 5-3] 45 #k(Structure
model index; SMI) ~ # B = 4 42 & (Degree of anisotropy; DA) 2 # | #Rid & %
& (Connectivity density; Conn. Dn) 5 3 & %% (Maquer et al., 2015) -
PHRA-BELERF 6§ L2 9roppuf 2 B & B F RORRil
= ¥ £ % (Bone remodeling)(Bl = ) > = & £ ik 2595 10% At ¥ £ % e
BFEY P EREd AR mr i TAE 0 A s e
(Osteoblasts) 2 s ¥ %z (Osteoclasts) (Mizoguchi etal., 2014; Zhou et al., 2014) -
e f F AT hE R A RE RG> T A .9_7%«%’\ ST CAC R 2
* (Bone formation)#) = &7 4 e fe s > & F feens e o i {5 g 5 F
‘w7z (Osteocyte) » — & A f- 2 mie s > € B4 ia % — A R o -kl
BIAEF 2 ¥R S S T2z L5 0F G b Tt s § ¥ e
¥l skie 74 1% (Bone resorption) » £ % 7 T Hrg KA KA L 0 do
w1 @z (Rickets) ~ $ic # sz (Osteomalacia) ~ # # it ;z (Osteosclerosis) 5 # # sx
#4JE (Osteoporosis) % 7 5 (Dallas et al., 2013) o gL tm?e S d g o 37 w7 &
b ko B ERANEE S IR X BB F a4 o B e
SVEESARICLER S Al R A A ﬁw @4 17 * (Faccio et
al.,2003) p H ¥ FF AT mie £ BT A FE O - BRI XERH
s B g FEAR T T3 ik w5 LK e 8 .féiﬁ‘%‘iié*-ﬁ’%é’ﬁ’ i * (Ralston,

2017) - # £ AN 2 — kPR PR Dw > G KA we H - (Basic

5

multicellularunit ; BMU) » i3 % £ 427 »BMUE v F F s & & 73
FRREHI o ERBFERERY  BMUE b F e F A A

3t

3



25 & ired B0 BBMU € 1 e 4 8 B 2415 750 @ FEBMU M ee s 1 s
X BT S AR L SN o e R R I TR
(Ott, 2004) -

=~ RFERRBEANS
+ B & B2 e (World Health Organization ; WHO) #-4 ##k R4k
(Osteoporosis) € » — fa 2 & 4 B Frfce 24 FTERE S - F o
MMe R A FRIVESFTITAGIENE - P iRk T & v AR TF
L P A R AU R ARE ERDEE Farilm o b et Rm b ot
EAZLEYEHEL O ARFOAREDER ST - BRI HT L
EACE ¥ KA PR 1 SR ﬁr“xif%*pf)%‘ﬂi’ﬁ EHRGRE AR A TG
s tgue koo Tt F T e & Foor ik & A (Kanisetal., 2008) - 1235 P 5%
Rebzt 58P 1993 42 65 it FE A vt Fe Sqeifa a2 - > @# &
WHO >t 3 # i R fena & > %2018 # 3 7 ipFt &+ 2 5] 14.05% >
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FlEE A DR R A 0 E3F SR m R p Xt endk (P FdR, 2018)0
WHO 71994 & o F # i flend| g 408 > {8581 2 2 e £ X 58
¥ R =2 (Dual energy x-ray absorptiometry ; DEXA) » @3+ 8 T & #(T-
Score) > 3+ & = ;% 5 % % & (Bone mineral density ; BMD) ig jit 4 20-29 & # 4=
ALmEiriaiE o L EL "f " 20-29 ki E 4 A BMD z 8 X > kB
AR T ARG AL P12 B Find e Al F Fon R E T ~ s
25 F-1 2 B o F R ERROE T A Bl A 3t e 24025 (F & 0 2008) -
AR TR TERED BB AL E DR EFH
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Figure 1. Anatomy and microanatomy of bone.
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54 1 29% 0 FEE AT en A B € 4% B 3 £ (Wright et al., 2014) - 13495
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AR RERRREA AT 5 173350 1+ ARG R R KR AT
HERFFI O -NEAF PR H593% 2P F2E6.2%*

PR 512 % 0 A AR T kg s B o ST YR RS AR
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 F e g i 2 (Jaetal, 2012) -

=~ RERRIFZE SR
(=) ¥ FEigt= 5
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(Chappard et al., 2008; Parfitt, 2002; Wark, 1996) - 3% 4 & ¥ T 35
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Yorm 3% % 37(Boonen et al., 2008) -



RpF L ad a2t A3 RE2R4 3 F Forfp a3
60-70 k3 70 Yorrnt bl g 3 F FErRoE 0 B0 g # 2 B Irant by 20 % -
80-90 gkt F 3 40 % > 90 gk v+ F 67 % > Fp3- 3] 2050 £ & 2§ AR
FOF 375 5 4 ] ¢ 5 e 240 %o 310 %(Chen et al., 2018) - # far Rt
*F R R PR ST A YR @2 2 s 5 (Brickley
et al., 2010; Dede et al., 2018; Golob et al., 2015) » p #1335 % € £ 514 % 7
MBETEIBRERTFEZ > RFG P Mz par ch- &35
P o g BESE ¢ chdrmes oz (Curate, 2014; Madimenos, 2015; Recker et al.,
2004) o %5 7 EEHE chk b L ek 2 R B e Fa R
B G2 o R AL R EYSHFL PE T s £og (Seeman,
2003) - Bt R & FAFEF Farp s ¥ L 2 L FRIPL A
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STEEN R
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PP X5 S AR 277 FAE(Narin et al.,2013) -

“BRv 2 H KR T
(-)+ &
o, SH1EP ARG RDPAEF > Hd PR HERTE
ﬁﬁgﬁﬁ&ﬂﬂ$ﬁ,%§&ﬁ¢§%%”*ﬂwq v g B g AR 2
Pop WA e A ki 2 A4 A 4G % &4 (Soyflour; SF)-

v
v

i<
>.

% & Jk 47 9 (Soy protein concentrate ; SPC) %2 ~ & 4 #t ¥-v (Soy protein
isolate ; ISP) - SF #_+ 2 §d FE 2 mifs @ = 10 93 50%h3-v 7 £ >
SPC &_#-m 75+ 2 4 TFKA,\ g R i & R e Bl A e ISP 8 - fE M A (8
i+ 2 Fo 0 H Fo H ¥ i 90% (Hinrichsen et al., 2005) - + & 3-¢ d & 3
v eIk 30 AR & s > BP9 Q0% 3k Bev Arie s ens I AR B iR A T
o frH AL A B FY VA G e ke 45 25~ 7S(Beta-conglycinin)
11S(Conglycinin){= 15S (S % Svedberg H =) ## 2 7S 2 11S 5 1 & % B
oo Libx 2 k9 Bip? h35%% 52% > 2S{r 158 & -9 8%fr5% -
“ B R 5 18 B 0 ¢ FIRIT A ABARAR > bl4r A - RA
fesg > FE g4 VR BT UR A B 9 £ 5 B & g (Tian et al,

11



2018) » * B ik¥Edd frt 2 3 A HPF A ALY Dk TRA - B
L g & 47 % RNl 2016) < § A% § 8 IR 0 & F HEM R e g
30 HoRfEP VT 35~ BURE P /] % cn4f e fz(Heaney et al., 1991) o 12 =
B 39 RALEE-RfEGA 5 (SPH)T 3 »xitig Caco-2 cell =4F #P~(Ying
etal.,2008) - ¥ - JEF7 7 S % o7 o SPH 24T (7 j° & e & - at Fl e 2 &

P g o S B 4T qz(Lu et al., 2013) o
ESEICEEN T

MEER R A CTEER A Fd T A RRE 0 F RS G4 P
-~ AafREOEH PR TR kR akIS L E L bR B
SlA2 0 A P enB s FIZ AR R P R D Tend PR B AR
(P BR A hd FRER Y K E - o DS B § AR
i{ﬁn%;‘/ﬁzv"f ThREAAFRL N GH Y ko Fvdgd MpFgpps
WGk vk Ry o ien @R LRl A chd fs ik i
FRE ik B £ Garci et al., 2013) o &t F 3F § ALF RER A N F-

=

0O EORE RfRT F S BlArT il G5 Y T A it
Bt B Wb MR R B Y W RIEA S 2 2 S ERT
Bt S B Rl fde  EAEE,1997) 0 - A 3 o A PRI BN
P A ERd TR ASY FAAR LA AT HEd BER KR 5

g R gy iviEd g koo A g kM e + £ (molecular weight; MW)
FUEPkit ded T F FARL AR 0 ¥ 24 { B3 H7 4 % (Bhatetal,
2015; Chalamaiah et al., 2012; Garcia et al., 2013; He et al., 2015) -
(=) kw5

v FokfEA S § G ¥ 5 RA P A ] & 5 Px(Meram Chalamaiah et al.,

12



2017) > o - Bk epR R kR e a4 s B A phst
KfEd-d BRI EH R o & d v F RIEERZ R 4] 2 AERS
WE b R RARBE R do LA DR o A ¥ EE i E ok
fRAR R > Fltg by (L E, 1997) o pEZ Rl A I B B - MokfRiE
R KRR B0 2 R R AR KRR Y A A § Efer i
M dnk&{HFPE &E > 772 €73 PEERAT > LikiEa 2
(Quagliaetal., 1990) - p¥ % ‘K jElms = T = & & &
1. paay

PR E PN R D PRt Y TR F R A 4 2 R
Fo FAMAE KR BEI LI DRAEY > FlAELSHPN L
ZEOPN R Ao RO BRI RO BE SRR RO R R - L RE o B2 A
(Ommatrephes bartrami) p %g5iE p M it 37 22 2 HE 5 43 L iE
2 FEER S PRI T2 AEARY R A AT ERBES PG
A F o R PR PR RET R EFLEREE N AEL S AL

®igiE ~pH BEfoR R £ 84 & »2% (Song et al., 2016) -

2. Med 3 pE
BASIEP RY AR P REL A2 PR ks

Frilhef e F T AL e PRl g A2 - e A
Y OvRfEF APy A PEBRPERRE P B

B Mg BRA et BT A A D R AR E R P P 2

3
W
o
S
F
T

T
_r
S
kg
fh‘ﬁ*
)(‘ N

R KR8 #2512 324 (Korhonen et al., 2006) -
3. % k%
A AFMIREF L3NS E R

ke

FKfERs F RS T

13



K2

gARAF AP T AR T T F B EHKEE 2 (Kim et
al., 2010) - # & 4 $= B P& ¥ * a2 ¢ 3% Alcalase ~ Trypsin ~ Pepsin -
Flavourzyme % » ] 5 22 3-d B e % (67 2 d) < & 92 $ % 425 (Shahidi
etal, 2008) » p w7 % 55§ i fE R R HCEE RO B A A B v iE
P EIER B TE B KRR Y 2 F AN E §  F A
Fr4] (5% (Giromini et al., 2017)12 % 3% % 4% ~ 2 L L Hd Fend Fv i »

% (Fuentesetal., 2011) - 22 p #@if it 4pvt - FEZ K37 WA F Rid R ok ®
AVEFE o L7 5 THESLAIEDE > TR A - A7 ket d b TR
2% % ¥ AW EF sxen™ ;5 (Chalamaiah et al., 2010) = ] * f% % -k fZfoir )
FRERT IG5k 3ot FHREIer B HGIAIEA T M 4 ok
FUib R e o PR R RERR A EF TR S AN AT
kfRiEE > dopt kR CBER CPHE R E > Sl F R R E LN @

__.,E'—r;

F_&

K fREAZ L e % 5 #24(Noman et al., 2018) o fis % chd — 1ok R i
R T Ged TR BRI L i R RE AR b i

2

I

D

EIE JLES BB - R C N AR P R REXL S F i A<k SRS Y 5
}3-;}7" 3}};}1‘} }W*ELL"FIE*E!}I%“B:’\' «‘}’3‘5%5’1/’3#& Mb';’*l‘”ﬁnb’i’ﬁ;&f

bl

A o 2 A R0 kfEP Y O EEROER LT L M P TRERL A
SnA S s F R R A SR PRk s ot (38 5, 2002) -
()4 $r s ek i 1

TE R REEIREHL L BB R L AP AL KSR

(LI R gsiyggﬁﬁga—kﬁq% o BFPR A M R FHF R M Bt H e

FR A L A AR (R ALY N
etal, 2012) » % 2 HiE AR E 5 R4 32 5w e d A B B (Kitts et

5E R 27530 Breikpiz & (Pan



., 2003) » 44 # 4 a-(Bhat et al., 2015) ~ Fufp ~ % % o B ~ 2§ I+~ g
£~ % & "5 (Bhat et al., 2015; Chalamaiah et al., 2012; Garcia et al., 2013) % i*
o R RARA A F AP Y 0 4o % Pepsin (k24 & v 95 (F
kfRd B G A &3 (F,2015) Alcalase 'k f3 5 4 % hv #118-kj3d B
F IFg 2T ¥ (FK, 2015)% Alcalase 'k 3+ & F-v *T{E Kf2H £ F 3 &0 43
(47, 2016) > £ 45 iR AL IRT U A 2 F AR ALY T AL RS
&(Hartmannetal.,2007) c p % 77 3 & 5 g B kiR A2~ 5t R
2 O A e A A R A ST A I M EX
AEF IR RFRE BRI BIER F LR G i B
Atatisenle &~ 0 B fek & (Cho et al., 2014; Pokora et al., 2013) -

|

RefP - BT TG E T LG kA AR 0 B Fed B S PR
i7 %% & (Daengprok etal.,2003) « A & 4T B 70 @ GALZL S ¥ LG S G HS 4T
R R P MBS B R B AMER T o H S e K 4 p
FALE MR NIRRT K 0 R AR ERTHASHAREL G 2B
(Bronner et al., 1999) o 4] * sk fifrdT & (7 4 & TR AFE-4TAF & P i) 1t
A T pH ER 0 BEF L EFTRME AFT Y R E T UG ok
Bad et 2 B A ST Fo LA LS TR EG 5Bk

+H pefi(Livetal, 2015) o - F e B g 5 fAIREE 0 doae 420~ 45
EFE R CMp R jTE R Y7 3 5 e ¥ kg (Reratet al., 1988) -

ﬁé?% OV RGRAT e T R RS P ST R 4 Rt B g AT E &
fod o 2T U AT e B A F I F o odtF R0 (Zhao et al.,
2014)~ =~ & 3-v (Lvetal.,2013) 34 ¢ F—v (Flesh of clam)(Wangetal., 2012) -

2t 4. p F-o (Tilapia protein)(Charoenphun et al., 2013) - 13954 3 > f& &0
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#i f& 4 7% (Casein phosphopeptides ; CPPs) f- F § %-v &% it *= (Phosvitin
phosphopeptides ; PPPS) ¥ 12 3 4 %5 3¢ 4347 croex {z (Perego et al., 2015) » # ¢
SoRpg (Serine) g e A A ¥ B 4T A £ 252 7 3 M ehE T 4F & 4 (Jiang et al.,
2001; Sato etal., 1986) o p#* #F » #7 3 3F L § BEL 1Y 2 K ent BErRAr 7 Glu
e Asp 7% 7k ez JL ¥ & 4R 38 (7 % & (Bao et al., 2008; Kumagai et al., 2004) >
A BRI ALY E Ry ¢ EE IR AP 2R R B8
147 3z e % (Huang et al., 2011; Jung et al., 2007; Pan et al., 2013) -
Ay FRPhz B4l

PRI A T RHME T AN EEMGREE > TFLEHRA RS
LEAFOMM R AT R AR Y 2 - o R A R e T
PO BB EFAFTE AR AN A RR T G P U A LR TR 2
FORNRBA DI LT F TR GG BT DAL ARG HRE
4 %(Sun et al, 2016) - Flpt A T EF T LT L B v KR Y B A

d

AT SO Y S R R FHP PP FRORE AL R e
% L p¥% Alcalase ~ Pepsin ~ Trypsin ~ Chymotrypsin 2 = &% @ -9 <R &
EREfkET FE N R G RS AT LA S F Y KLV 3 kavk
faf N H F AL B P Trypsin ckfE4 2 A 3t3-v 8h 2 -kfz4 (T-ISP8h)
T BT AT & 5 o L 30kDa~ 10kDa~ 1kDa # f 4 <+ & *2ig(Molecular
weight cut-off ; MWCO) g "cie 7 % 4 » % % 12 1 kDa MWCO permeate (1P)
B3 R EAUT AR E 0 HATH L ¥ B F and ) 0.25 uymol/mg protein 3 4c
7] 1.83 umol/mg protein(®l = ) » & § & 125 4p % »ck +7 (Reverse phase) 2 7
it & g+ BAek 47 (Immobilized metal affinity chromatography) % » !
RP1 ~RP2 ~ RP3 ~ IGE2 ~ IGE4 ~ IGE6 %2 |IE2 > %% ™ RP2 2 |IE2 & 5 #

16



Feni S > HATA L 5 % ¥ 4 3 2,97 umol/mg protein 2 3.27 umol/mg
F=0 B £ J1* LC-MS/MS #+ RP2 2 IE2 & {7 "< ik T FERL IR
f& & 71 5 NLQGENEEEDSGAIVTVK (NL)2 SQRPQDRHQK (SQ) » # {s #-
ERPIRP R BRSSP RRFEE SR IR AR ERY
7 NL B F BodF sl £ £ 5 8 (%, 2018) - Ft 2 F2 7 i — H LRI L
"/f ] R TS AR B e R R% T NL #
AT BT B R 0 B 4F 3 AT S ek NL SHE 86 Rea i ok o

3~ HPHE
RE2 F&
(- RERE

1. -kl sMmilli-Q

2. CRFEFAEF B AR F B ¥ 5 T 7 (Taipei, Taiwan)
W B g A &8 (Himac CR22GII, HITACHI, Japan)
24 i 52 18 (FD2-6P, Kingmech, Taiwan)

T+ * #(HR-202i, A&D, Japan)

o o ~ W

1208 ks 1 (WB212-B1, TKS KANSIN, Taiwan)
7. MR "eUTR FF e~ 45 % 2L Microcomputed tomography SkyScan 1076

(uCT, Skyscan, Kontich, Belgium)

(2 )5 &id A

1. ~ & 4 3t % -26 (Isolated soy protein; ISP)pE p 45 “ > 5 L2 &
17



(Taichung, Taiwan)

2. P& 3-v pipc+r<(Casein phosphate peptide; CPP)pLp i3 %ﬁﬂﬁ:”ﬁ RN
(Taipei, Taiwan)

3. mp&4r (Calcium carbonate) B p 4= >35> 5 *L = & (Taipei, Taiwan)

4, NLQGENEEEDSGAIVTVK (NL) & =32 Ps 2 Bpbp g2 #2455 T
2> & (Taipei, Taiwan)

5. Sodium hydrogen phosphate(Na, HPO,)f-p Sigma (St. Louis, MO, USA)

6. Trypsin pp Sigma (St. Louis, MO, USA)

7. Avertin fie % :2,2,2 Tribromoethanol 2 Amylene hydrate '+ - p Sigma (St.
Louis, MO, USA)

C)ERELELITEE

1. Mouse Osteocalcin ELISA Kit (Cat. No. CSB-E06917m) F-p + B 2 4= 4+
#4122 (CUSABIO, Baltimore, USA)

()8 4 3 St

1. B6- B(C57BL/6))ftp Bl 7 &AL IR 7F &b 7 oo
(Taipei, Taiwan)

2. & Laboratory rodent diet 5001pp %= 7 % % i» 75 *T= & (St. Louis,
MO, USA)

3.8 PoAEMEE B TSR F FT2 2 (St Louis, MO, USA)
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Calcium chelating increment
(pmole/mg protein)
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Fig 3. Effect of different molecular weight cut-off (MWCO)

Bz 3k AF B UERERA TISPHSh $+8 B A f 4T L0 2 458

membranes on calcium chelating increment of Trypsin-ISPH8h and its
fractions obtained from fractionating with different MWCO in membrane
reactor system. Bars represent mean £ SD, n=3. Means with different letters

are significantly different (p < 0.05) by Tukey’s range test. ~ (Chou,2018)
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AXPFHRE AR AT T L EA AL RBEATFEL RAT A %
WHEE G RAEAT S T2 3P B ISP 1 * trypsin -k f2 T w & % 8h 2 -k f2 A
oo ERCER FRAET FICRE TR E R kR (ISP
hydrolysate ; IH) » & #-La #rg B d12. NL P EPREZZe@gd o g
Lo FoMAP LB P MY » ks L 2 CS5TBL/GI ppl | 8 &% T
LABEFHAEF TR EFERFL T e B Txd
iR R ts “f 4 @ Laboratory 5001 & 17 ¢F B 438 7 F Akt TR R S IH 2
NL -

TR L AT A% & A 1995 FARIR 60 kg = 4 = p 4TEPE X E 5 1000 mg o
P ERE A SEREE S 31037 # 8 {8 5 205mg/kg/mouse 0 k& IH 2 NL
#E %4 Zhao % 4 (2014)- & = ;N & ff gl ex o o B4 2 (n=8)% @Bk 1k &
&P FAKHEERRE TR T 0 L g AH R AT
1. Control : ;= F s 2 3+ -k (DDW) (0.5 ml/mouse)

CC: = s 2 7+ -k 2 s pe4r (205 mg/kg/mouse)
OVX : = Rt 2 3+ -k (DDW) (0.5 ml/mouse)
OC : = ) fs 2 4+ -k 2 k4T (205 mg/kg/mouse)

o H w N

ISPC @ ~ 3~ & 39 $2 % % % g fk4r 2 R & 4 (200 mg/kg/mouse ; 205
mg/kg/mouse)
6. LIHC: 1 # & ~ & 3-v 8h-kjE4 2 g pisr2 ;2 & (100 mg/kg/mouse ;

205 mg/kg/mouse)
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Preparation of T-ISPH8h * Hydrolysis
hydrolysates (IH) and NL peptide * Centrifugation
¥
Study on the effect of ISPH and NL on osteoporosis
amelioration 77 vivo (Female 16 week-old C57BL/6J

mice
(n=8) : ) 1 = Mice 16 weeks
. Establishing the -8 A —
Control (CON) OVX induced (n=8)
group osteoporosis
[ I [ model —
' ' e ‘ ‘ Mice 20 weeks
CON CccC OVX ocC LIHC MIHC HIHC
ISPC LNLC MNLC HNLC CPPC
_________ — - I I [ I ‘
~ Sacrificed Mice 28weeks
,,,,,,,,,, e —— e — e . e
Serum . Histological ' Bone :
biochemical analysis . ____analysis
« "AST _*!!lﬂl)fs_i_s_KL_I_),/ (H&E staining) /' . Trabecular Ca(C): 205 mg/kg mouse/day
e ALT .« NT . Li e B % ENSE LNL,MNL,HNL: 50 ,100,200mg/kg mouse/day
x i rver * Thik & TBN LIH,MIH,HIH: 100,200,400 mg/kg mouse/day
* BN * Osteocalcin  » Kidney - gk = e ISP,CPP: 200 mg/kg mouse/da
- SMI +  Conn.Dn BT gike y

* Creatinine
Bz ~F %K
Fig 4. Experiment design. Abbreviations symbols represent CON, Control group; CC, Control with CaCOs3 group; OVX,

Ovariectomy group; OC, Ovariectomy with CaCOs; ISPC,isolated soy protein with CaCOs ;LIHC, Low dose isolated
21



soy protein hydrolysates with CaCO3z; MIHC, Medium dose isolated soy protein hydrolysates with CaCO3z; HIHC,
High dose isolated soy protein hydrolysates with CaCOs; LNLC,Low dose NL synthesis peptide with CaCOs; MNLC,

Medium dose NL synthesis peptide with CaCOs; HNLC, High dose NL synthesis peptide with CaCO3; CPPC, Casein
phosphopeptides with CaCOs.
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7. MIHC: ® #| & ~ & $-v 8h-Kfz4 2 pifhd4r2 R & 4~ (200 mg/kg/mouse;
205 mg/kg/mouse)

8. HIHC: 3 #& ~ & %-8h v -k j2t 2 g pe4r2 ;R & ¥ (400 mg/kg/mouse;
205 mg/kg/mouse)

9. LNLC : ®& & & =< % & NL 2 g padr 2 ;R & 3 (50 mg/kg/mouse ;
205 mg/kg/mouse)

10.MNLC: # # & & =347 F B NL 2 s fa4r2 2 & = (100 mg/kg/mouse;
205 mg/kg/mouse)

11LHNLC: 3 # & & 292258 BONL 2 pifig4r2 78 £ 4 (200 mg/kg/mouse;
205mg/kg/mouse)

12.CPPC : pt #-v Fi i "X 2 pl i 4f 2. R & £~ (200 mg/kg/mouse ; 205

mg/kg/mouse)

(Z)* 29 Rz UR
fe ¥ 0.2mM Fips B3 B3 % > A F I trypsindigpH 7.5 4 »3% ISP

IoRfEEAEF BN 0 5 R AR TIE 50°C BFAe » 1% trypsinig (7oK fE > AR
Z A Bt 51:100 - -k 28 his > £ 12100 °Ci*- kg 10 min@ % £ 7% -
GLF 4F2 ok fRde 2 7 4e (4 °C ~ 10000 x g ~ & 15 min)B~ b ik kg & *

TL AT () o

(= )8 F B R
L f %%

F oAb B w i dsm £ 2R i C57BL/6J (B6) ok 2 bt Bl R 144
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& T E gL 16-17g0 R T ENE M) 84 5 12 80 & 8 12
Sow G RE - Fo8EH ) BAD b A e B ] 1
FRHEFT 7 ) B4R 2 25£2°CH RAE6G0x5%2 7 > 12hp &
ARG R LR DRE Y > AHARE B FERFRT B J EE A
ST T TEE TR

B RirBTIOMEEBLI 2 2402 12 %250 12 88 5 0304
s (Control ; CON) ~ #3241 s 4c 4F %= (Control+ CaCO; ; CC) ~ - ip] “F 5 *» K,f
72 ‘e (Ovariectomy ; OVX) ~ B ip| “F & *7 u,f@%g.zg(ovm CaCO3; 0OC) ~
AR B Fev 3R 4u 4T 2 (ISP+CaCO;; ISPC) ~ MA & + & F-v -k v 4T
2 (LIH+ CaCOs ; LIHC) ~ # & &

4 & 306 kR4 4o 4T 22 (MIH+ CaCOs ;
MIHC) ~ % #| £ ~ & 34 -k &% 4c 47 %2 (HIH+ CaCOs ; HIHC) ~ ~ 4] £ NL
4¢ 47 % (LNL+ CaCO;z ; LNLC) ~ # #|# NL 4c 4 %= (MNL+CaCO; ; MNLC)
% % 42 NL 4c 47 %2 (HNL+ CaCOs ; HNLC)% & #74] f it 3ov Fifk 7275
(CPP+ CaCO; ; CPPC)% 12 %

3. 5"3;*7% R Fompsi a2

{ &4+ 5 B3 ¥ FarRm(Seeman, 2003) o Flegipc & 4% £ B 4 7 ORL
Fawmrez Buje o BRBOELEEFARERL A T iln
(Andreopoulou..et al 2015) o & B 73 % &4~ ¢ < pEr 2 144 © v ¥ &4~ B6
PRl B D 16 < BF o Ak 17 S E AP “f CON &2 CC =ik PR

A ARG 2 EF g HeRE o) BET OVX N 2 F a2 & 4
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P e L & g b TR RO o 1 Avertin ¥ BUR VR SHIE FRAY 0 L
b5 10 min 15 0 B grE me] BB Frpiak 1 0 o ss B EE ) A
JRFIAF R RFRP L AT PREFND L L KEEI LY
WE 28 k) £ EAKLZE L Bd > 7avel g F I § 5t 4
S ) F B A o 1Y T DR AR 2 | T

PERCRARE T U RS S PR :‘Hﬁ%ﬁf— (R S §2
BrooFa RPCE AEE R WA FEFALR ING v R R
B r B g goiE P AR R CRFR B YRR 0 B ) BUR LR EL R R
o R 120 £ B6 P R iR L #r o R LR R R v E

FORH BB RIS R e TG Pl = B lA RREERT &L R g
~

F b P W IT 4T

B ] BUGAE D R T AR REEN (20 i dS) > T [ BRI E Kﬁ;é&{;‘, L
ﬁi“ﬁ5“%%ﬁ%’%%w@EQWi+a@é—ﬁ’%&%a8&
fé%*} R COp & 52 5 xbirr%*} » AR ‘kk\ﬁ‘»%] 3 v }é] JEOF

e R R B G REE 2E RS ARE T RIA G £ 4°C

}:l

T~ i 3000 x g e 20min o A gD & w0 3K Gk R -20 °C #
Iea? A RFERBTETS MaSk o AL PR ¢ Fou T
T3P TR YR AT A Ut et R e R R SR

SFEE X F 2~ 10 %48 5+ ik (Formalin solution)iz e » B % = X #5i% 3
FASRF IFAERRIHRFZLAB Y 250 0 54 rille YT

Bz g FaA ¥ 2 2327 4 ¢ (Hematoxylin & Eosin stain, H&E stain) -
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H AR Rl r AP 1020 °C kda o o F P 2w kA Rt A

oS & SR g o XS SR BB T dvep ko i 5 KR
Mk EHFEEERE AT WEH Y 3 E D A4 R ORE T
EREEPEAAHFELLE ) T s e R kA X £ R 1

5. s it A 1

wF R R R k2 A AT P @ 4 MRpL I =k (Alanine
aminotransferase ; ALT) ~ = F® % "=pi & = (Aspatate aminotransferase ; AST) ~
#u% i (Creatinine) ~ v 7t % % (Blood ureanitrogen ; BUN) ~ x j5- ¢ 4T3+ -
i+ 7 £ o 14 ELISAKIt R Tak 5@ F i 32 2 1 394k ¥ 47 % (Osteocalcin ;
OT) - Hpl=w > 2 AR WJppE 4 % & LASFA 722 = P isi2 (Sandwich-
ELISA) gl 2 o Hpl 2 I 1% a2 BF & - Bagga  Hik
WEFRR IR EFAMS TS 2R DT B LR FM F
KPR B EREBZLEI F ETTREAF LR AT 5 4
FEAF RS2 RN EFTITE AL AT o
(1) p r=paddr=per(ALT) ~ = F* % scph 48 vcfis (AST) ¢
ALT 2 AST £_d »#5gimee “r il id it & > 2600 g 28 8 3
vRRERLF RSB Jgs,;&r;z WA IFIm i ¢ o AR A A g L
ALT 2 AST ¢ #7332 ¢ & F@cie !+ = (Halletal., 2012) -
(2) & % & (BUN) :
BUN £ ¥ Len®xictemldipth > § 2 # 87 39 TSP ¢
R EF AT IR e TREIR S o - A gt 5 T
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2018) -
(3) s i *~pkfHCreatinine) :
Creatinine fv BUN — #c &% L% iy R ipldp e - 2 2d sop &
oo fdm Ko R DTHE BT LR Y @ o - AR o
THaR4Lipr, HEreda(FAimflvmxai ¥, 2018) -
(4) s 45
£ 4T 5 RN PR R - o 4T AR - T e § 4T
FH#P-R 7 iz o Jhd BT RORN & F g Tl
# 2 R adF T fms 4 1@ 77 % (Bhattarai et al., 2014) -
(5) & # -

A E P AT PR TREE L S HER M 7
BT RN T SRR A Al P > B F LA
BATAET TR RT o T LA BRE Bl T RO Rt B Y el
Ao iea EREE T ALp %4 2 (Clarketal., 1990; Penidoetal., 2012) -

(6) ¥ 45 % (OCN) :
OCN ZH #ep 29 do ¢ 2 €5 - BHF > d 49 Bred
Fo o & P E 4 g (MW5.8KDa)> & § 5 = #8 7 -56 5 % W=fik ot A5
BRlFRifat 2 K2 ghas %
D3 fljre &h )= @E? » A& £ OCN 2~ AFP » ¥ - 3K

3@7@.‘1 » OCN T\I—\F} %, m”é’? ’

& B fes Tk ¢ o Osteocalcin k& fre & BLATHUR A m 5 M o
o FELROR ~ R f el RO X R Hf]mﬁﬁs 7 i& & (Bhadricha et al.,
2019) - f1* OCNKit ¥ ipl % @ #45% 3 £ » RILE#— s farlip
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% coating T 96well % ¥ >4v » & F {00 F ¢ Fih € 8- B L
£ 4r >4 3 Biotin = & 488 > £ 4 » & ¢ & Horseradish peroxidase
(HRP) > HRP # 3 Avitin» 2 ¢ £7 Biotin :£ 74 R (ehg & > 4 » TMB
Bpd B ELHRPEFF VB RF REANES L 5 Bl r?
R b F R B £d P EFTE S 0 A 450nm F B A sk i

FREARB AT FLERAEART - B &2 TEH AR o
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Fig 5. Effect of oral CaCO;on average body weight of healthy mice (CON) and OV X mice during the administration

period. * p< 0.05 indicates a statistically significant difference from the control group. Abbreviations: Symbols

represent as in the Fig 4.
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Fig 6. Effect of oral CaCO3; on average weekly food intake of healthy mice (CON) and OVX mice during the
administration period.* p< 0.05 indicates a statistically significant difference from the control group.

Abbreviations: Symbols represent as in the Fig 4.
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Table 1. Effect of oral CaCO; on relative organ weight and femoral weight of healthy mice (CON) and OV X mice.

Relative organ weight (%)*

Treatment
Heart Liver Kidney Spleen Fat Uterus Right femur
CON 0.44+0.06*  4.45+0.38" 1.13+0.152 0.26+0.02* 1.82+0.77° 0.54+0.22* 0.29+0.017
CC 0.47+0.04*  4.56+0.38" 1.15+0.06 0.27+0.01° 2.69+0.67 0.42+0.15 0.30+0.01°
OvVX 0.44+0.05*  4.64+0.27% 1.03+0.10° 0.28+0.03? 3.02+1.11% 0.11+0.07° 0.26+0.02°
ocC 0.49+0.08*  4.67+0.29* 1.01+0.06° 0.274+0.02° 3.80£0.91° 0.29+0.29®®  0.26+0.02°

Abbreviations: Symbols represent as in the Fig 4.
ARelative organ weight = (organ weight / body weight) x 100%
*Each value is expressed as mean + SD, n=8.Mean with different letters are significantly different (p<0.05) by Duncan’s

multiple range test.
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Table 2. Effect of oral CaCO3 on the serum levels of AST, ALT, BUN, creatinine, calcium, phosphorus and osteocalcin

of healthy mice(CON) and OV X mice.

estent AST ALT BUN Creatinine Calacium Phosphorus Osteocalcin
(U/L) (U/L) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (ng/ml)

CON 57.13+£10.52* 2938+2.87% 30.86+4.50° 0.41+0.03* 11.11+041*» 21.71+1922 4.32+ 0342

CC 53.50+495°  26.00+2.18 30.03+340®  036+0.03" 10.90 £0.15°  20.14 + 1.622 3.61+ 0.59°

ovX 55.88+9.04®°  30.50+3.84° 2694+350® 0.37+0.05® 11.41+046* 21.16+2432 4.45+1.532

oC 53384636  29.13+£3.30® 2669+253> 037£004® 10.99+0.33® 2044 +3.06° 4.62+0.30°

AST ; Aspatate aminotransferase. ALT; Alanine aminotransferase. BUN; Blood urea nitrogen. Abbreviations: Symbols represent as in the Fig 4.

*Each value is expressed as mean = SD, n=8.Mean with different letters are significantly different (p<0.05) by Duncan’s multiple range test.
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Fig 7. Effect of oral CaCoson liver stained by H&E of healthy mice (CON) and
OVX mice. C indicate central vein. The images were taken 400x
magnification with H&E staining. Scale bars= 60um. Abbreviations:

Symbols represent as in the Fig 4.
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Fig 8. Effect of oral CaCoson liver stained by H&E of healthy mice (CON) and
OVX mice. G,P and D indicate glomerulus, proximal convoluted tubule and
distal convoluted tubule,respectively. The images were taken 400x
magnification with H&E staining. Scale bars= 60um. Abbreviations:

Symbols represent ad in the Fig 4.
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Fig 9. Effect of oral CaCos on (A) BV/TYV, trabecular bone volume/tissue volume and (B) Tb.Th, trabecular thickness of the
distal femoral metaphyseal trabecular bone of healthy mice (CON) and OVX mice. Bar represent mean + SD, n=8.
Mean with different letters are significantly different (p<0.05) by Duncan’s multiple range test. Abbreviations: Symbols

represent as in the Fig 4.
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Fig 10. Effect of oral CaCozon (A) Th.N, trabecular number and (B) Conn.Dn, connective density of distal femoral metaphyseal

trabecular bone of healthy mice (CON) and OV X mice. Bar represent mean + SD, n=8. Mean with different letters are

significantly different (p<0.05) by Duncan’s multiple range test. Abbreviations: Symbols represent as in the Fig 4.
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Fig 11. Effect of oral CaCoson (A) Th.Sp, trabecular separation and (B) Th.Pf, trabecular pattern factor of the distal femoral
metaphyseal trabecular bone of healthy mice (CON) and OV X mice. Bar represent mean + SD, n=8. Mean with
different letters are significantly different (p<0.05) by Duncan’s multiple range test. Abbreviations: Symbols

represent as in the Fig 4.
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Fig 12. Effect of oral CaCos on (A) SMI, structure model index and (B) DA, degree of anisotropy of the distal femoral
metaphyseal trabecular bone of healthy mice (CON) and OVX mice. Bar represent mean + SD, n=8. Mean with

different letters are significantly different (p<<0.05) by Duncan’s multiple range test. Abbreviations: Symbols represent

as in the Fig 4.
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Fig 13. A three-dimensional tomographic rendering of healthy (CON) and OVX
mice femur reveals the complexity of the bone structure on effect of oral

CaCOs. Abbreviations: Symbols represent as in the Fig 4.
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Fig 14. Effect of oral different dosage of IH and NL on average body weight of OV X mice during the administration period.

Abbreviations: Symbols represent ad in the Fig 4.
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Fig 15. Effect of oral different dosage of IH and NL on average weekly food intake of OV X mice during the administration

period. Abbreviations: Symbols represent ad in the Fig 4.

48



2z A& AFHE IHZ NLEHOVX | BREZ L F e £2 B

Table 3. Effect of oral different dosage of IH and NL on relative organ weight and femoral weight of OV X mice.

Treatment

Relative organ weight (%)*

Heart Liver Kidney Spleen Fat Uterus Right femur

(0)%.'¢ 0.43+0.05°  4.64+0.27° 1.03£0.10®®  0.28+0.03%  3.02+£1.11®®  0.11+0.07° 0.26+0.022°
oC 0.50+0.08°  4.67+0.29%  1.01+0.06®®  0.27+0.02¢ 3.80+0.912 0.29+0.29? 0.25+0.02°
ISPC 0.49+0.03*  4.21+0.54% 1.09+0.10®  0.32+0.03% 245+1.09°  0.18+0.15®®  0.27+0.02%
LIHC 0.51+0.04*  4.80+0.50% 1.06£0.06®  0.30+0.04%*  286+0.48°  0.15£0.09®®  0.28+0.02%
MIHC 0.51£0.06*°  4.56+0.53®  1.07+£0.07®  0.30+0.08? 1.99+0.63° 0.18+0.14*®>  0.27+0.03%
HIHC 0.51£0.09*°  4.19+0.21< 1.09+0.10®®  0.33+0.06®®  2.16+0.52° 0.19£0.16*®  0.29+0.012
LNLC 0.47+0.07*0  3.84+0.12¢ 0.98+0.04° 0.29+0.022%  320+1.79%®  0.14+0.06®®>  0.27+0.012°
MNLC 0.50+£0.07*  3.84+0.26¢ 1.04+0.09®®  0.29+0.03> 2.90+1.32*  0.06+0.04° 0.27+0.02%
HNLC 0.45+0.06*  4.33+£0.31°¢  1.04£0.06®®  0.31+0.05™  332+1.35®  0.10+0.04° 0.28+0.02%
CPPC 0.47+0.03*  4.27+0.21% 1.10+0.132 0.34+0.04° 241+0.95°  0.13+0.07°  0.27+0.03%®

Abbreviations: Symbols represent as in the Fig 4.

ARelative organ weight = (organ weight / body weight) x 100%

*Each value is expressed as mean + SD, n=8. Mean with different letters are significantly different (p<0.05) by Duncan’s

multiple range test.
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Table 4. Effect of oral different dosage of IH and NL on the serum levels of AST, ALT, BUN, creatinine, calcium,
phosphorus and osteocalcin on OV X mice

Tocatas dat AST ALT BUN Creatinine Calcium Phosphorus Osteocalcin
(U/L) UL (mg/dL) (mg/dL) (mg/dL) (mg/dL) (ng/ml)

ovX 55.88 £9.04% 30.50 + 3.84° 26.94+3.50*®  0.37+0.05° 11.41 £ 0.46* 21.16 + 2.43° 4.45+1.53%
oc 53.38 £6.36% 29.13+3.30%  26.69+2.53®  (0.37+0.04 10.99 + 0.33%< 20.44 = 3.06° 4.62+ 0.30%4
ISPC 50.50 = 5.89%* 26.88£2.62*  2345+1.58%  0.35+0.02® 11.08 £ 0.31% 20.79 = 1.78* 5.87+ 0.86%¢
LIHC 45.88 +2.85%¢ 26.25+1.39%  29.56 £ 4.05° 0.38 = 0.04° 11.00 = 0.26% 16.26 = 1.09° 4.75+ 1.05%¢
MIHC 57.63 £27.21° 28.50 = 5.13% 2823 +3.10° 0.37 £ 0.02° 11.08 £ 0.17% 16.63 = 1.90° 4.53 0.56°
HIHC 49.25 + 7.33%< 28.00 +£3.04%  2429+208>%  0.33+0.02° 10.91 + 0.24% 18.54 +2.03° 4.23+0.364
LNLC 49.00 = 11.24%¢ 26.00 £2.69%*  24.00+4.58%  0.30£0.04° 11.28 £ 0.24® 14.74 £1.69%¢  5.12:+ 0.34%<4
MNLC 44.25 £ 6.42% 26.88 + 4.78%¢ 22.56 + 3.88° 0.30 = 0.03¢ 10.90 £ 0.40° 13.44 £ 1.58%  5.39+ 1.74%¢
HNLC 42.63 +2.29% 23.50 + 2.45¢ 26.21+£2.44®  0.30+0.03° 11.18 £ 0.20% 11.71 £ 0.80% 6.03+ 1.55%
CPPC 41.88 = 5.82° 25.00 = 7.45% 22.05 = 1.86° 0.27 £ 0.03¢ 11.06 = 0.29™ 10.49 = 1.29° 6.13= 1.31°

AST ; Aspatate aminotransferase. ALT; Alanine aminotransferase. BUN: Blood urea nitrogen.

Abbreviations: Symbols represent as in the Fig 4.

*Each value is expressed as mean = SD, n=8.Mean with different letters are significantly different (p<0.05) by Duncan ‘s multiple range test.

51



B+ ~&& 872 FAE IHZ NL$ OVX ] BUFRRH&E s> 7 4 ¢ 2 Jo5F8, C 5 & L AFgE (B2 vt b <

/

60um,3xc ~ & & % 400x)

N
—
!

Fig 16. Effect of oral different dosage of IH and NL on liver stained by H&E of OV X mice. C indicate central vein The

images were taken 400x magnification with H&E staining. Scale bars= 60um. Abbreviations: Symbols represent

ad in the Fig 4.
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Fig 17. Effect of oral different dosage of IH and NL on kidney stained by H&E of OVX mice. G,P and D indicate
glomerulus, proximal convoluted tubule and distal convoluted tubule, respectively. The images were taken 400x

magnification with H&E staining. Scale bars= 60um. Abbreviations: Symbols represent ad in the Fig 4.
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Fig 18. Effect of oral different dosage of IH and NL on (A) BV/TV, trabecular bone volume/tissue volume and (B) Th.Th, trabecular
thickness. Bar represent mean + SD, n=8.Mean with different letters are significantly different (p<0.05) by Duncan’s multiple

range test. Abbreviations: Symbols represent as in the Fig 4.
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Fig 19.Effect of oral different dosage of IH and NL on (A) Th.N, trabecular number and (B) Conn.Dn, connective density.

Bar represent mean + SD, n=8. Mean with different letters are significantly different (p<<0.05) by Duncan’s multiple range

test. Abbreviations: Symbols represent as in the Fig 4.
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Fig 20. Effects of oral different dosage of IH and NL on (A) Tb.Sp, trabecular separation and (B) Th.Pf, trabecular pattern factor. Bar

represent mean + SD, n=8. Mean with different letters are significantly different (p<0.05) by Duncan’s multiple range test.

Abbreviations: Symbols represent as in the Fig 4.
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Fig 21. Effects of oral different dosage of IH and NL on (A) SMI, structure model index and (B) DA, degree of anisotropy . Bar
represent mean + SD, n=8. Mean with different letters are significantly different (p<0.05) by Duncan’s multiple range test.

Abbreviations: Symbols represent as in the Fig 4.
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Fig 22. A three-dimensional tomographic rendering of OV X mice femur reveals the complexity of the bone structure on effect of

different dosage of IH and NL. Abbreviations: Symbols represent as in the Fig 4.
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JIU PU ENTERPRISE CO.,LTD.

No.273,Ta Fu Road,Shen Kang, Taichung,

Taiwan, R.O.C.
TEL:886-4-25625305 FAX:886-4-25616707
TEL:0937-230166

CERTIFICATE OF ANALYSIS AND COMPOSITION

PRODUCT Soy protein isolate AT02-11 Randka

DATE 2015.09. 12

SPECIFICATION RESULT
Moisture content 6.15%
Protein(dry basis) 90. 37%
Ash (dry basis) 4.91%
Crude Fiber(dry basis) 0.27%
Total Plate count T70cfu’/g
Coliform(MPN/100g) <30

Salmonel la Negative
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Peptide Data Sheet

NAME : NL

Appearance

Purity(HPLC)

Mass

Remarks:

SEQUENCE : NLQGE NEEED SGAIV TVK
AVERAGE MASS : 1932.04
AMOUNT DELIVERED : 6g

White to off white Consistent
powder

>98% 98.87%
Consistent Consistent

The accuracy of observed mass is + 0.1%.
The purity analyzed by HPLC has a + 2% deviation for peptide < or = 98%.
Not for human use. Research purpose only
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Hydrolysed Casein Protein BRERKEY

Origin : New Zealand

ITEMS SPECFICATION
Protein Dry Basia =90.0 %m/m
Fat <1.5 %m/m
Moisture <5.0 %m/m
Ash <5.5 %m,/m
Lactose Monohydrate <0.5 %m/m
pH 6.5"7.5
Casein Phosphopeptide >15.0 %CPP m/m
Degree of Hydrolysis 9.0™11.0 %DH
Physical Properties

scorched Particles Afs0g

Bulk Density 0.35~0.45g/ml
Heavy Metals (as Lead) <5.0mg/kg
Arsenic <0.1mg/kg
Microbiological

Aerobic Plate Count <5,000cfu/g
Coliforms Mot Detected/g
E.coli Mot Detected/g
Yeasts and Moulds <50cfu/g
Coagulase Positive Staoh.aureus Mot Detected/g

salmonella ///‘{P‘:ﬁ_ 'ff-m Not Detected/750g

TaE
Listeria -"’4;. g Not Detected,25g
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Product Name COLLOCALSO-WB
Calcium Carbonate
Appearance White powder
Ingredients CaCO5 100%
GMO information Non-GMO
Allergen Allergen—free
Packages Three-layer, Kraft paper bag

with internal Polyethylene bag of 25kgs

HEMICAL COM T

<Test ltems> < Specifications > < Test Methods >

Hydrochloric Acid-Insoluble 0.20% Max JAPAN'S SPECIFICATIONS AND
Substances STANDARDS FOR FOOD ADDITIVES.

Free Alkali No pink color develops ditto

Heavy metal (as Pb) 204 g/g Max ditto

Alkali Metals & Magnesium 1.0% Max ditto

Barium (as Ba) 0.030% Max ditto

Arsenic (as As;03) 4.0ppm Max ditto

Loss on Drying 2.0% Max ditto

Assay 98.0~102.0% ditto

Ave. Particle Size 2502 um Our testing method

pH 9.8+0.5 ditto

Whiteness 95 Min ditto

Sieve Residue(45 um) 0.1% Max ditto

Fluoride (3%) 0.005% Max Distillation

Lead (3%¢) 10ppm Max Atomic absorption

¥ These specifications are effective only if Lot No. with “T"
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Animal code
Group/ Histopathological findings CON
Organ — (| w| & w| o] || ol =|=] =
= s (=]
Eidney -l -1 -1-1- - |-
Cast. mbule. multifocal 2 1121111
Liver
Accunmlation, glveogen. diffuse 4141443 (3344|443
MNecrosis, focal 1
_ Animal code
Group/ Histopathological findings cc
organ — | | | || | ]| m]| o] =] =] —
= — (=]
Kidney - - -] -] - _
Cast. mbule, multifocal 1 1121212 (1
Liver
Accunmlation, glvcogen. diffuse 4141344333333 ]|3
MNecrosis, focal 2
Animal code
Group! Histopathological findings OVX
organ —| ||| w2 =] =
= =
Kidney - | - | -
Cast, tubule, multifocal 111 2 2
Infiltration. monomuclear cell. focal
Liver
Accunmlation, glvcogen, diffuse 33 (324|333
Hematopoiesis, multifocal 2
- Mo effect.

!: Degree of lesions was graded from one to five depending on severity: | = minimal (< 195); 2 = slight (1-25%);
3 = moderate (26-50%); 4 =moderate/severe (31-75%); 5 = severe'high (76-100%).
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Animal code
Group! Histopathological findings oC
Drgaﬂ (] Lad . L (=1 -] o =] —_— —
=| =
Kidney - -1-1- -
Cast, tubule, multifocal 1 2 212
Liver
Accumulation, glyvcogen, diffuse 4121313233232
Necrosis, focal 1
. Animal code
Group/ Histopathological findings LIHC
Drga'ﬂ — 2 ad —_ ] o --J [=.=] L= — — Lt
= —_— ()
Eidney - - |-
Cast, tubule, multifocal 211 1]2 112111
Liver
Accunmlation, glvecogen, diffuse 3|3 |2(21212(213)|13[3]3]|2
MNecrosis, focal 1 111
Infiltration. mononuclear cell. focal 2
_ Animal code
Group/ Histopathological findings MIHC
ng&:ll — . ", {= 0 J o e =l —_— —_— —
(=) — [
Eidney - - - -
Cast, tubule, multifocal 1 211
Cyst. tubule, focal 2
Infiltration, monomuclear cell, focal 2 2 2
Pyelonephrnitis, diffuse 4
Liver -
Accumulation, glyvcogen, diffuse 2 212 2 2
MNecrosis, focal 11211 1131 1
Infiltration. mononuclear cell. focal 3 2
- Mo effect.

': Degree of lesions was graded from one fo five depending on severity: 1= minimal (< 1%5); 2 = slight (1-253%);
3 = moderate (26-30%); 4 =moderate/severe (31-75%); 5 = severe'high (76-100%).

77



Kﬁ-é—»ﬁ’—‘,‘;

~ HIHC,ISPC, LNLC i %] |- & 2 ‘o 85 38 % 1t

Animal code
Group! Histopathological findings HIHC
01gan LN I B B = B - =
Kidney - -] - _
Cast. tubule, multifocal 1 212
Infiltration. mononuclear cell, focal 2 212
Liver -l-1-1-1-1-
Accumulation, glveogen, diffuse 2 212
Mecrosis, focal 1
_ Animal code
Group/ Histopathological findings ISPC
01gan A I = B B I =R
Eidney - -
Cast. tubule, multifocal 2 201212
Infiltration. mononuclear cell. focal 1
Liver - - | -
Accunmlation, glhvcogen, diffuse 2 412
Mecrosis, focal 1
Animal code
Group/ Histopathological findings LNLC
Drgaﬂ b2 fad —_ M L= | (=] L= —_— o
= (.}
Eidney -] - - -1 -]- -
Cast, tubule, multifocal 2 1
Infiltration. monomuclear cell, focal
Liver -l-1-1-1- - -
Mecrosis, focal 112
Infiltration. mononuclear cell, focal
-: Mo effect.

!: Degree of lesions was graded from ome to five depending on severity: 1 = minimal (< 1%); 2 = slight (1-25%):;

3 = moderate (26-50%); 4 =moderate/severe (31-75%); 5 = severe/high (76-100%4).
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Animal code
Group/ Histopathological findings MNLC
Organ — | | | Bl | | | S =] =] =
L] P ()
Kidney - |- _
Cast, tubule, multifocal 2 11212 2 21201
Infiltration, mononuclear cell. focal 212
Liver -1 -1- - -1 - - -
Mecrosis, focal 1 1 2
Infiltration, monomuclear cell. focal 2
_ Animal code
Group! Histopathological findings HNLC
organ k| | | | d || L =] =] —
= =t [ o]
Eidney -] - -
Cast, tubule, multifocal 2111 2 1
Infiltration, mononuclear cell. focal 1 212 2
Liver -l -1-1-1- - | - - | -
Mecrosis, focal 1 1
Infiltration, mononuclear cell. focal 2
Animal code
Group! Histopathological findings CPPC
organ — s S | = — | =
= —t (o]
Eidney -1-1-1- -l -[-1-
Cast, tubule, multifocal 211 211
Infiltration, mononuclear cell. focal
Liver -l -f-1-1-1-1-1-
Infiltration, mononuclear cell. focal 2
- No effect.

!: Degree of lesions was graded from one to five depending on severity: 1 = minimal (< 1%); 2 = slight (1-25%):
3 = moderate (26-50%:); 4 =moderate/severe (31-75%); 5 = severe'high (76-100%).
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