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SR S: (Eucheuma serra) Jit 5 B PRl 2 WF5E

GBI - MR - SRR
TRl B Ek A BRI/ A I LA

[T

YT > BRMERE— SRR TR - BEBELER (bone formation) K EFRAK
(bone resorption) - FEEEEESE (Eucheumaserra) Fy 2R A TSR FHBEIRUR - & &85 E BE L3R -
AL B TR HRE SR 7K BRI B B ORGSR Y T T M B PR 5 S s AT SR G - 5%
BHEEHE (1.29+0.06 2/100 g) AIRCEIA 1 HESHERNGE @ [ARHLEHE 23.11+0.08 g fifk
ZRERT 7 M E A A EH - MG-63 & B I EBEEE B » 0.625 mg/ml BBEEREFKIRY) - nHE
TRT TN PSS — AU R ] B M IR 43 )0 52 154.36% (p < 0.05) Ed 164.43% (p<0.05) » HURE
BRI E R R R E M R AR B BY B RYRE T - B MR EBEREE - 250 - 500 pg/ml
Vi e SR K ) A8 T R R A R M B A3 AR R BE R ATAZ Rl - kB 528 (receptor activator of
nuclear factor kappa-B) ~ T #fEiGE LAZIKI T (nuclear factor of activated T-cells) FIZEMfe: B TE
JEE H (Dendrocyte expressed seven transmembrane protein) 5 mRNA FIH & B iEHfH 2 0.11 -
0.06 ; 0.24 - 0.10 1 0.75 - 0.50 £5 - [EIRFHARAZHY L RS SRERHNHITE BB AL B B A
A G BB R BEES (tartrate-resistant acid phosphatase) 15 2 EUE & MEAHEIEIMER - H
Hh 500 pg/ml A S B2 2K FEYIFAIE B ATAEIRESSE 2 (B-cell lymphoma 2) FTLJHTCEER] mRNA
EREIIERH 0.45 % WiEE BCL-2 fHEH x FEH (BCL-2-associated x protein) fiEfEIT"EEK] mRNA &
TIEEHIA 2.91 £ > PRESRSIRE RIS el 22K Ry B B RER R S (LR ei i BB v
PERERE LIRS - S5 AR S Tt S BB R CRHER e R - SETmAR S Bk - 7E
FRONEEFEEE AR BB AIRESRS - DL 500 mg/kg/day SHIEILER 6 A% - nIHErFatEa B
JERGEBEIETE (bone-specific alkaline phosphatase) &8 (0.19 + 0.03 ng/ml) EAfFKEE —AIBREEH
AARGRRBE S B (4.69 £ 1.80 umol/ml) » FoREAG(EMEFE A SAHIGI S BIARITER ; [FIRFZ
FHEE %R (bone mineral density) {f - IANE T EFRIGHTIEY) (HSXREHE)  HEEHARESE
SRS B/ MR B TAIAE DU kA 7 MER IR - SO SR 2K A B Rl 1 S B R R
ARG R HACHAEYE N ARG, DRSS P EIER & (median lethal dose, LDso)
KFA 1 g/kg BW » FEitt - DUERRENY I U Baa MU R I 2K A SRS 500 mg/kg/day P&
RN HEE I fy 4.8 ¢ -

RESRET - BRI SRR  [EBHR - BERBE

.=

VLIRS B Y Ui /K W KRR - B R
AL s H - BURE R RN SR Ak 2%
A ZHEOIRZER (5, 2005) » BHZ 53T EL
7t SR A L IR ZKIER > ANFSZR PR ~ ElTfE ~ AL

“BAELE / BEBRMPEBA—8 199 5%, TEL
(02)2462-2101 ext. 2601; FAX: (02) 2463-2677; E-
mail: hjchai@mail.tfrin.gov.tw

BB SE AR o fE 28 3 B T Ry B v LI 52
(Eucheuma serra) (R ERBR, 1977) - SRSl =15
FHEL LB AL BT (Rhodophyta) ~ FL L 3 i
(Florideophyceae) ~ #2358 H (Gigartinales) ~ LM%
Bl (Solieriaceae) » A Fs M ~ HaaeTan S M
K o AL B NS Ml S - B AR R A e )
7 10 m ZRMRE b HEEEE A eI e
i3 (Sudirmanetal.,2019) » ZEHEE  CLI=F
ANH R RS  2HEERTEE AR - R
K EUWERRIE (White and Wilson, 2015) £33 -

)
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HHEHFAE (osteoporosis) & — Al E
(bone mineral density ; BMD) N4 BT EGEE
RN (Yangetal., 2010) » A M AR
EHMERIRE A - HEMEE T S A
(nuclear factor of activated T-cells, cytoplasmic 1 ;
NFATcl) » # NFATcl JB R 5 fIiE A plero B s
PR DL Re e it s AR BE (] - S5AERH
el G R R R R e RS B E B
(Dendrocyte
protein; DC-STAMP) FE[KIHIPAIL ~ A0 7 HEHH
ME P - BB AR SRR - S
AR Wb L ALK B Boe 2B Bin A (receptor
activator of nuclear factor kappa-B ligand ; RANKL)
e gl £ ¥ I 5LIAT 7~ (macrophage colony-
stimulating factor ; M-CSF) wJ{E A aiiSamsk & il
Bl BB bRy s IR OEE R B % e B X R R
(transmembrane glycoprotein receptor tyrosine
kinase ; c-Fms) il %K T «B 5f8& (receptor
activator of nuclear factor kappa-B ; RANK) #&5& »
SR B R By 20-100 mm HE 4 -
20 fEHHfRZ 2 B BRI -
EVIEOBEES M ¥ FEHS (tartrate-resistant acid
phosphatase; TRAP) LA K fH A% H i K (cathepsin
Ky ~ B H & & & 0 B £ -9 (matrix
metalloproteinase-9 ; MMP-9) ~ = % B8 it £ i
(ATPase) <5Z:BRifliliuRl & 2 BRI HEE
BftiE (Morris et al., 2006) -

B BB  YRENLE - S AN A
18 K 2 R BT 32 5 B SR AR PR A R RO TS 1
Y& (BR, 2007) - B 2 BEZEHY) A SRR %
HIREST » TRERTASEFERYENH] (55, 2002) - i
1y % iR R IT R A Bk AR (Clarke and
Walsh, 2014) » gEIIE & # 1. (Clarke et al.,
2011) ; YRREEMREE NS (Kim etal., 2014) BAJE L
ARG HdIE MRS PR PE A (Kita and Uemura,
2006 ; Joetal.,2017) - BREE (2018) FI[FH &SN
FR QR B U S /K Py T (i 1 MG-63 ]
gt o il Il g gk s G PN iy L S S S
MEJTEJ] - Ha et al. (2021) Al$E Hi#h 3R
(fucoxanthin) REFSHIFETHE KR ZEIHILAYEH
Bl (MAPK) SAZHEERRLAINEAHRAIA T 2 (Nrf2)
IR ER S RS IR 5 T 4 - AR

expressed seven transmembrane

B RRBCE R BRET R AT ] - BLlth > ARFEse
DA EA B ER e e e R S e /K e i e Yy
A kB AR S 0 BB S I R S — A
B BG4 B S  (Alkaline phosphatase,
ALP) ~ I AR S HE R A B
kg 2 (B-cell lymphoma 2 ; BCL-2) F1 BCL-
2 fHREH x FEH (BCL-2-associated x protein ; BAX)
FHL DA SR e ol i 7 A X A 2 A B
FEHEAINFATcl ~ DC-STAMP 1 RANK 484,
ST R A A AT B B M Rt - IRE
EfEALF PSS - $2 g pe A S (E T -

FORHEL 7

3

— ~ EhRbR S PR B AT R

SRS ORI 11 -3 S E AR
FEFESEA > HERI BB R DR /KB > KBk
B85 ~ AR MO 1 1% > BEREEZIR Bk 5 2
2 15%LLFOKIEERT 0.5) > B BB RO
K> RIFREZEFE R -

S

= EERE
(—) RSB D
1. — iRy Hr

It AOAC (2016) Jiiko kit 7kor ~ M
EE IR ko Bk L EYE R

2. WA R

f&¢ 8 Terho and Hartiala (1971) J5% » L
sodium rhodizonate ER$HEET (Ba®") EAHIIE
EISWR & AR B IR S iR RS KT
WAt B E - SFMZEER 1.0 N HCI
(Showa, Japan) 53 fig 4% Rl ] 315 26 B v Ay e 18
aE -

(1) sl

B4 BaCl, $E{ET%K © 2 M aceticacid 10 ml » 5 uM

BaCl, 2 ml J% 20 uM NaHCO; 8 ml » DU@EE ZfE5E

&= % 100 ml ; Na-rhodizonate solution : 5 mg Na-

rhodizonate and 100 mg L-ascorbic acid ¥&fEFY 20 ml
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ZFRERT > DA ZBFE RS 100ml > R
SRV GEDE B » DL 2 - 12 g/ml Na SO f
TATHET AHE AR -

(2) B GRERIE

P B aan & B FREE 10 mg/ml > ARER
# 0.5 ml %y 1 N HCL A 0.5 ml i > &
Wb Lhr > FEREZZRRAEE (60 - 65°C) BERATH
VR SRRIMA 0.5 ml EfETK -

(3) MEARRIE

2 ml FEZEEMA 0.5 ml BRSLRH - DU
DB (2500 xg) BFRAATEEHE - REINA
BaCl, fEEVRFFIIA 1.5 ml Na-rhodizonate B fARE
B[ 10 min > /% 30 min ILAEER 520 nm I
WROEIH

3. $hEEHE

2HhERBBERELE (CNS) mERL (E
HERERESR, 2013) - REBUBER Rl Ik (b 1k - DB
VA2 7K JiAE 12 T o B R e S YIS A ol R R B D
B - D0 BRI 70 A 1 DUt S e S AT YE
TEIRIHE - W DAPSATE RG] EARYE AR - DA
AR EE -

(1) i

BC'E 25% HCI ~ 2% (NH4)OH ~ 50% (NH4)OH >
AFEHY 6.6982g Rz NayCoOs EARZE 1 L5 B 42 g
CaC204 A 100 ml —ZR/KFC B R BT RESS  BY
1 g methyl red LA 200 ml FRERECE s FHEALHER
5 0.9 M RS 5 B 3.2 g KMnO4 A 1 L — sk
DUESRRE - EBEIECREE 1 h felizs - =R HPERS
Al > DL Bl ey e s - S DARR B
EHREAE > YERy 0.1 N KMnO4 fEHE

(2) BIEEEIPBRZIFE

HYEACE < 25 ml NayCo04 Y5 > LL 20 ml 2
0.9 M HiifiE 100 ml —R/KVERE - hiEhae 70°C »
FFLL 0.1 N KMnOy AZIEIIATEE » AL OREHE
FF 30 PO > BIIERGEACES o W6 LARLHIBR 2 1 3%
SEMEBRETR 0.1 N KMnO4 #7HEWR T IfH -

(3) KIS ERE

Bl 600°C Sk biE k(b 8 hr £ - HY
2.4 g BEIRALAE S AEMIA 40 ml 25% HC1 Eil 1 ml
HNO; » #95 20 min % » SBJEERZE 250ml ; 1%
HY 25 ml FWIEANA 75 ml 2Rk B 2 figHH BT
FERHA » LL 25% HCl Bl 50% (NH4)OH %&£ /A8
71 (pH %7k 5.6) » HIA 50 ml —ZkzkEW - B0
A 10 ml BEATEERES - FREMEPIE P R s 0tk
IOABEGR 25% HCI FEE AL W ER TEE
—1& » LA NO.5C JEAGETE - W 12L 2% (NH4)OH ik
MERR AR - K2 DI IEALOAEERS » DA
125 ml —2Zk7KEd 5 ml 0.9 M RifEE » hpZEiZ 70°C »
FFLL 0.1 N KMnOs #RIEMATEE » ERHLaREHE
FF 30 sec AN - BIERGERES o DALHIBRZZ 0%
EEEE AR -

Ca (%)=2X(A—B)Xf/w

A FytiiiE#E 0.1 N KMnOq #8785 B 22
FXBETHRE 0.1 NKMnO4 215 5 £ Ry 0.1 N KMnOs £
W JIE s w kR EE -

(D) BRKEDRR

FEIRIBUBR SR A I — K U= Bk i 20 min >
QBRI 1% WEfERESR/KAE 24 hr > Y 4°CTREL
7,000 rpm L 10 min > FERCHTSEEIEHG HiEH
R IREZ IR R 2 B/ IR AL (BESRH 30 -
35%) B -

(ZHIYABEESSME MG-63 (human
osteoblast-like cells) ZIZ&E

1. MG-63 Hiiffgifit

NS MG-63 B E T &N TE0T
FEATERE UL (BCRC number 60279) - jREAARF
WIMARZEA - HIMAEH 10% (v/v) heat-
inactivated fetal bovine serum (FBS) k2 1% (v/v)
penicillin-streptomycin (10,000 U/ml penicillin and
10,000 mg/ml streptomycin in 0.85% saline) M
DMEM B5EEEL  JBETGIRIN 37°C » 5% CO* B5
FAESEE 24 hr > MEEHII R LFAGHT - REREFEASUN
AFTEE LR -

2. MG-63 HllifgZfaflhsee

SR THTERETERE - H MG-63 #iligs
JEESE 8 or iRy - RS REGEAL - F PBS phifHiiE 1-
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2 R&BAE PBS > JILA Trypsin EDTA ¥A#% 37°C
[ 3 min % > FpHIE EEE LI S 2
IMAFTE L (& 10% FBS) Jir 4T FEL 500 xg
BieCs 5 min KER IS IIAS TS R SRR
g - BEFHESER H AR B S > Y
37°C > 5% CO* BEEARRE A = R —K -

(W) EEHIRDEIEIRRIE

L. ALP iGPES

2 Huangetal. (2011) J5EE80E - K 50 uL
MG-63 #lllfd (1x10* cells/well) FEA 96 FL#& - £f
HMELRT S > A 50 pL RESEE (0~ 0.313 »
0.625 ~ 1.25~ 2.5~ 5~ 10 mg/ml) Bl /k iR
YIAkEE A > 558 T REEH PBS {EUVERX >
A pNPP #5¥& (Sigma, N2770) 200 pL » %5 i
5% 30 min > FEJIA 3M NaOH 50 uL > fA 405 nm ]
TEBOEME

2. [IRYBJFEE (procollagen type I) & BT

R R 22 TaKaRa MK101 (procollagen
type I C-Peptide) kit FFiEHIE (Wiechec, 2012) -
W SR /K ) L. DMEM 5383 53 BB K,
0~0313~0.625~1.25~2.5~5~ 10 mg/ml ZR[H]
TR > FEEF 50 uL HHHELL 1x10* cells/well A 96
LR RRIHGRT 22 - IIA 200 pL SRS
FKEEYIIRE AR TR - HU 100 pL antibody-
POD conjugate solution Jz 20 uL BESLFA 96 FLAEH
FESEEIZNGN 37T°C I 3 hr » IRBREJFERS » 7L
PBS ¥k 4 2% ¢ A 100 pL substrate solution » 2
18 & 15 min &1 A 100 uL stop solution » A
450 nm JHIEBOGIHE -

(R) NEREHRBEREDE

1. RAW 264.7 #ifEiE{k

RAW 264.7 (ATCC No. TIB-71) & H
BALB/c /N BRELERIY EGHIMR I H R T2
BRRATEHL © B RAW 264.7 AIERIERINA LS
BN > BIIASH 10% (vv) FBS K 1% (V/v)
penicillin-streptomycin (10,000 U/ml penicillin and
10,000 mg/ml streptomycin in 0.85% saline) [
DMEM F538 5 - REIERAL 37°C ~ 5% CO* B

FEAAESER 24 hr > FEEMI RIFAGHT - RERESEE
SOIATES FR AL e

2. RAW 264.7 itz fghseE

SRR T EERGE - 5 RAW 264.7
fuss BEERE 8 JhalRE > B ARG A > B PBS Ut
WA 1 - 2 R4%F8 2 PBS » FEA PBS FiAW -
ESEI T EREE L REMT MM - B 4°CTREL 500 xg
B0 5 min KR IR DA 2 A IS A
Hhds > BB FRI BT LSS 2 80 R
37°C ~ 5% CO. BE AR - HI=Kil—X -

3. L RANKL %8 RAW 264.7 Hilligs bRy
rgsgiiiliol

g BN ERIRZER - kB B RS I S A RS
(RANKL) B RAW 264.7 ElGHHI AR «B
5ZHe (RANK) #ifE# - (el Btibasa Mt
W AR (Katopodis et al., 2009) - J& 2x10*
cell/mL EWGHIIERA 37°C ~ 5% CO, BEEfEEsE
NG - PRSI - A SR
(serum free) 2 DMEM EZ8¥% > FAIIARFRE
BB R/ )L 20 ng/mL RANKL ¢ 33.3
ng/mL M-CSF Z3{LHlH55 28 72 - 96 hr - FEBEEREL
BRI e 5 A - RS BRI E i AT HET TR
HEL 3 7 3R~ G I G R0 B A PR T e R I
(tartrate-resistant acid phosphatase ; TRAP) j& 443
e

(7V) BB B ROk IR SRR DL
-7

1. BRI /K P 5 Mg A NFATc1 ~ DC-
STAMP HI RANK % mRNA FHIHE 2%

%% Zhao etal. (2020) Jji « # 100 uL RAW
264.7 {HME (3x10* cell/well) fHA 6 FLE% - FEHiE
AR 2% - 2 BTN AZHER] (50 ng/ml RANKL A1
20 ng/ml M-CSF) » DIKAFEEE (0~5~50 250
500 png/ml) BHEERRERIKIEY) - 12 37°C ~ 5% CO,
(IR EEFRRGEE 96 hr 1% - RERESEIEINA BIO-
RAD iScript. RT-qPCR Sample Preparation Reagent
WIS FiE W » (3R] iScript cDNA synthesis kit <
gk cDNA » FFF] A iTaq Universal SYBR Green
Supermix ZHHETT RT-PCR [ (53H7{f+: DNA
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denaturation 95°C/30 sec » amplification denaturation
95°C/5 sec » annealing 60°C /30 sec » 35 cycles » melt-

curve 65 - 95°C increment 5 sec) °
2. TRAP f P

1 20 UL RAW 264.7 fliifd (5x103 cell/well) &
A 48 B HIBEAGE R % - DA SHER] (50 ng/ml
RANKL F[120 ng/ml M-CSF ) DIKANEREE (0 -
550~ 250 ~ 500 pg/ml) WEHEESERERKEY) - 1A
37°C ~ 5% CO, MYRGEEFEESEE 96 hr 18 » KFRESE
ELHIA 0.IM &54LsH 150 L » 2 37°C ~ 5%
CO, HUESEFHESEE 24 hr $% > 43 L) acid phosphatase
kit JetaflE TG, - NG5S DR SR e e e R
TR R B AR R L S -

3. JBUBER RS /KRB A BCL-2 H1 BAX
JACHEN mRNA RER S %

#5100 uL RAW 264.7 g (3x10* cell/well)
A 6 FLEE  RFHHNAGRT % 23 BT AZHER] (50
ng/ml RANKL F[1 20 ng/ml M-CSF) » DU N[
(0~5~50~250 ~ 500 ng/ml) EEESEESRIKEY) -
A 37°C ~ 5% CO?* WIRGEFEESE 15min % £k
B & B i A BIO-RAD iScript RT-qPCR ample
Preparation Reagent iIEE FiEWK » A iScript
c¢DNA synthesis kit sz #kE; cDNA » FFIJF iTaq
Universal SYBR Green Supermix ¥¢%|#£1T RT-PCR
B -

() 22155

I MfikEFMEAE JACUC ik it EHFRYT
110-1k)

Sprague-Dawley (SD) A E#EHHEL K IIRds
BB SR KRy > REAE R RS RS FHIEAE
ik o ¥ 6 28 8 G SD MM A R BRI -
THHENYIIR SRS E - AT — R
SFEIREE £20% 0 FEE—HHAEREIY) (A) $ERE
AR > BIEL 48 hr % - JEREE AHEBRENY)
(B) > FHEHE—HHIECE > 1 JISE RHER R i AR
Bl - 2 AT R S E B IR A
Bat IR VERHEE (2019) - RABUBE SRR SR /K Y
GABRPIE) LL1 g/kg body weight (BW) it

e e o WHCERER 25 me/ml BABRVIE KIAHY - 3
EEEIYIRE 16 hr 258042 - DIDIARZ THEAE 20 ml/kg
BW HUEABE YA 24 hr IFER 2 K > 5 TalBEY)
H1% Ahr i5 T RY) W TP E %A 30 min
14 hr B3EFT | RERREIS - CRGR 1 JGEME
BN 14 R - BRI SOA B A AR AE
ik SRS 14 REPEARBRMES] > DIAHRET T

2. P RERIEsesE

22 M LK 228l 5% (gene mutation in
bacteria) ff FH ¥ [ K % %1 Salmonella
typhimurium TA98 ~ TA100 ~ TA102 ~ TA1535 ~
TA1537 55 ST (R HE R LS T,
2020) - B AR ET TR M A ~ BT
HEHHE S B Rl & 1.25 mg/plat < EABaRH » 53RV
IR R iz 2t & B DR FLEH S 9 A B
R WA MAKREBEZFBIERSG®K (S9)
AT AR - S HN 10 L EABR R > A 10
mlNB No.2 558K {E 37°CE5 258 » DUEeE &
75 120 rpm EGAFEEES 2 14 hr o S 100 pL
W53 B 100 pL GAESAE RS TSR Ak 53
A 3TCESEAENESEE 72 hr 1% - SOSRPRETERIL

) BRSEEER

22 IR R R 1 T DR MR O SR A T
(2013) 1T >  BREBYVEREAEHEZES
(IACUC) ¥t itaEimiE WPB-2021-02 » 3B
BYIR 24 BYJERONG . 12 5BlEMEN: SD KE - b8
BRI B YR E N R R R
PRIy 23 +3°C » BEEFEH] 50+20% > AL
HEMOUIREERRARAEREH 12 hr 52~ 12 hr 15
i o SERENVIE A /K R Ry 2Rk o i A BB IB 1%
R > KB AR IR e Bk - BBaRE
BT Fs LURPURH © Gl WA - TR TR
Ko VR R et A 5 G2 (AR - TR
T 250 mg/kg/day WBUBESERESR/KIEY) © G3 mfE
#H > CIR$ET 500 mg/kg/day BRI R/KIARY) -
G4 2HPEM Nk T 7 mg/kg/week it
KIREEE - G2 Je G3 ZABRRH A IR (R 2l
BELL 250 pg/ml A1 500 pg/ml AR HRAZHE 5 G4 3



80  ZEHITE

BahH 225 22 I AU Je FDA R R i Dl A
REEEL A 2 AL 6.25 FR{EHREA B B
o TE I 6 B REGER O Ik T-3BeE
FREIERENY) - FEEARSE - RACERNE 43
RAEI > PREE B BAH R BRI B e A5 W A
B (RE) o MRS T T 5 IR T i eEs (bone-
specific alkaline phosphatase ; B-ALP) 25 —HIE
JREHZZ ARG SE (cross link N-telopeptide ;
NTx) & &5 o ZEHIRRR S DA R NN e f i s
(Micro CT, Bruker Skyscan 1176) K4rHrikiaElT
BMD &#ll ; HHEIABRRERISEEER 10% FritiE
S BHEAIBY] P ERARS -0 (H&E)
gett o HERERER AT TR B RS TR B 2 S i
BREAh - MHERE ST BN R

L. BHEGRRE YIS

BB R eABEELe H (Day 0) DIERF
IRERIM 1 ml > ReadBasH (Day 43) UL BBERIL
%13 - 5ml > FEEELRICERIMEE T 4T - 258
JBIFE .2 NTx DIiEE ELISA kit (rat cross linked
N-telopeptide of type 1 collagen (NTx) ELISA KIT,
MyBiosource, Inc., USA) #174347: B-ALP HILL
£E ELISA kit (rat bone-specific alkphase B (ALP-B)
ELISA Kit, MyBiosource, Inc., USA) #7347 -

2.BMD FFf

BYILEE AR (COy) HEITLEEIE -
FERBEREAMIRER - 0 DL T s
KeorArikagstErT BMD ST -

3. ERLRER SR

FEBRIEREREGHARREA 10%H i
FEARRENE - REBEES ~ vk ~ RBE » DURYIF1R - DL
H&E Gt - A BB R Al F AR e 15/ VR B Y
REEHWEAE - B Image T SRk - oA EL B
k7 MRZE (wm) F1E/ MR (%) ©

(M) #RsTDH

EHEEBELL SPSS #r#E (12.0.1C, 2000) 3t
1TH#iET43#7 » AL ANOVA (analysis of variance)
ERER L MRS A AEEZR  F F [HhE
Ik > FELL Duncan’s test IG5 BAH 7 SERE
TE > p<0.05 Rl Fy HRBHE M52 - St TS

RUBESLTRFR > AR RAUERL R A

i o LY

&L
%g

— ~ SRS L RS S AT

100 g SE LS S A I DA KL & )
(52.22+0.05 g) EEWE > MK (22.15£0.07 g)
RZ o HH129+0.06 g 45 > Bl 23.11 + 0.08 g i
BEZWE (Table 1) » FLASSRAHENE (2012) FIE
(2009) & ki i ML 2 A0 B 22 L% =% (Eucheuma
cottonii) FYIKsr & Ey 32.97 g Bl 49.88 g FE=HLEK
K ATHEGRIRIGGTE ~ BRISCHBE RTINS R AN [RI A2 -
VLI S P 42 7 e B RS TRy 5 5 B g
HEETLRIT  FEERIR BB E 2B IR
L3R (Lou et al., 2010) - i KB EHAATRAIL %
P FU 8k i R B A SR R 4 L 23 1B E
(Nguyen et al., 2011) -

Table 1
Eucheuma serra in close proximity

The composition and constituents of

Compositions Content (g / per 100 g)

Water 13.77 £ 0.05
Protein 11.65 £ 0.05
Lipid 0.21 +0.05
Ash 22.15 +0.07
Carbohydrate 52.22 +0.05
Calcium 1.29 + 0.06

Sulfated polysaccharide 23.11 £ 0.08

All data are shown as the mean = SD (n = 3)

= s E iR R AE

BB AR > I E R R i 2
BLRELAER (71, 2004) » FEET T (LB b >
BRI R R RS B B ERIRE ST - AR R AL
ALP (Tsai et al., 2012) - ‘BRBEREEHREST
(organic matrix) KeBERYVEFTHERL o AHEEE 7
Fy B H  (collagen) K IEBIEH (non-
collagen) » HA B G HHEEE 90% - i 1%
R — MBI EH - S RHARIEIIREST (tensile
force) HYEZIELST (Ryu etal., 2015) » [KIFLAHISE
R5rRILL ALP 351 ~ 25— BB U AL e e it



HREBUBER B AR 2 BE 81

300 ~
OALP activity EProcollagenType 1 a
_ 250 A b AR
S e
§ 200 - c b
3 d a
S50 4 4 , b’ b
8 d/ C b'
= -
£ 100 4 - T
3 s d
o I [ - I
& 50 4 RS L B RS
. 8 : W ] ) [ é
0 (control) 0.313 0.625 1.25 2.5 5 10
Concentration (mg/ml)
Fig. 1 The effects of Eucheuma serra enzyme hydrolyzate on the activity of alkaline phosphatase (ALP) and

procollagen type | in osteoblast (differentiation from MG-63). All data are presented as the mean + SD (n = 3). Different
alphabets on the bar revealed statistically significant differences at p < 0.05.

(RSP S7 TN VSIS RPN b
TR ZRHAGTEAR -

gegitllioeag|e

(—) ALP ;&1 FHE

ALP By R FEN B8 & A AR 2
— TEIEE - I E i & 2R s R vT#E
SRS ALP & 8 80E M RO &
B HIDIRERHEAYIEFEEE (Aslam etal., 2013) -
ol R B B R K )2 5 B (et B i
b R A fEH - AR S B R IR
& 0.313 - 10 mg/ml Z B RS 2K fgY) - S A
B B MG-63 MUY » FEREDR
0.313 - 5 mg/ml EEZL/KEYIHHE A AR US TR #5E]
#H (control) » HEHK & ALP JH1E (125.16 -
247.59%) BEREU S /K IR (e 2 B AR e
4+t (Fig. 1) - Kuo and Chen (2017) LB EEH
ER{REEA M A ALP &M > B N2 ALP 351
RyE5aEEZ 162%  BUNERREE TR & EH
MpREL S LR R RYTETE - M BE2HY e E w
(baohuoside 1) Ry Hi-E 2S£V vl 2 71 & REAH I
ALP JEME 167% (Xietal,,2019) » Stz
U =g i O DN o=V Tk era =g il O el
ALP KIH&E (Fidelisetal.,2019) » [hEFEFE A S B
GHEAIRSE -

(D) FHBREBSERE

HSARFEE 0.313 - 10 mg/ml TR /K
freElE B MG-63 L5738 > 6 DU BLAT A
s — BB R 1 A R A R B Ay 53 (b e
fE o ERESSEFREET 0.313 - Smg/ml & EEE K
Vi E s — BB R R P A R R R
JAPERIRE » SR B AR R AT R
HIEFEEENER » HF XL 0.313 - 0.625 mg/ml
B K B s — BB R AR R E B R
FEME > ELLE 0.625 mg/ml FSEE R (154.36%)
R FERE SRR Z B WORI > RRTE
FIRE N EA R ES B brIRE (Fig. 1) -

=~ IR SR /K R I RS
{{ee-Z

(—) BBREXBRKEVNHESHRER
NFATcl » DC-STAMP %] RANK %%

mRNA RIBEZFE

A 3 8 I AT o W 9 BB B0
RANKL - af Rl 3288 RANK #5755 - s
Wi E I - T A AT RN T NFATcl &
81> & NFATcl migE i S s AR - G

IR A g D ol N S B
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Fig. 2 The effects of Eucheuma serra enzyme hydrolyzate on NFATc1, DC-STAMP, and RANK mRNA expression in
osteoclasts (differentiation from RAW 264.7). All data is presented as the mean = SD (n = 3). Significant differences
between alphabets on the same bar were observed at p < 0.05.

(Venkatesan et al., 2019) » ] cathepsin K ~ DC-
STAMP % » i e s B EHTftE Rl & R B K 2%
K el (Brennan etal., 2015) AHF521E RAW
264.7 MMLAIAZ2ER] (RANKL F1 M-CSF) £
FESL M3 AIE 5 - 500 pg/ml BIUBRSERE SRR I
[FEEEE - AT SR i 2 5
HTFEE AL A RANKL (Y TERERIFE (0 pg/ml) »
H NFATcl f1 RANK % mRNA FI &5 7 Ryt
HIFHAYT 1.46 £0.15 Bil 1.52 +0.07 £%» fj DC-STAMP
mRNA L& AR R IR 2.17 £ 0.07 £5
FOREHEEIER RANKL AJHEE R R S HHi
S LB EAHRBRA BRI SREL - SRR Sl 2 7k
fig A1 ml R i RANKSNFATcl fll DC-
STAMP & mRNA KB & » Hph XLIERE
(250 - 500 pg/ml) BRENHHSR & R - 53
SRR PEHIFH 2 0.11 - 0.06~0.24 - 0.10 1 0.75 -
0.50 1% » S BUBE R 3 /K A ] HI g i A
AL LE R AHBR ARSI (Fig. 2) -

(D) BMRSREER R RKE R B
R REIBH

W A R A% K 7 BB HE 0 2 e
(RANKL) - UK Bl S A7 (M-CSF)
RIEMETTEEA: - SO R 52 2158 R 23
W RANKL k2 M-CSF (IR - R aiBan & Hilt

B RO ZEIREE R T - A0S SRS EIRRE A RANK 52
8> {4 TRAP K43k cathepsin K ~ MMP-
9 ~ ATPase S5 34 L) 22 BlffffuRl & f B B AR -
FEE AR B bR B 20 - 100 mm H
& 4 - 20 EHiEL < B E Hi - B e
BEfiEIEA (Aubin etal., 1996) - ARWFZEHBEMSE
BRI ROEE - fRER 5 - 2,000
pg/ml B SR SR 7K ) A AL A R
Y EBEEERIEIRITER (Fig. 3a) M S bAS R
(Fig. 3b) B/ B A/K YIRS R T - Hg
NEE R S ERE R R A R AN i Bl = Vi
FERPTRTHIGIT  Z A% R  E AE -

(=) TRAP 55

RRAWE B S E 2 = TRAP AR E R
B [E RS SR LY o RIS M TR AL Al
SRS ERE ST (Bachle and Kohal, 2004) « AHfF5¢
¥ RAW 264.7 il A&t (RANKL 1
M-CSF) R5#8 EACHEAS B G B AR - SFEREY 5-
2,000 pg/ml BN /K YIS TRAP G125
B REREURRER KR RAW 264.7 WRE N
th TRAP 351 2EHI R MEAHIHITER - Kot
SR BERK ) B IR B A R B PV E A
i A e i B R SRR L S R (Fig. 3c¢) »
Song et al. (2018) DUKMEE SN LINEEZE .2
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BRIERFA R - BBIRMEE S AR 0.4 %
TRAP mRNA £Hi& » §&HH TRAP J& BB 5RE
Z BRI 5 AR S P B e e S - SRRk
fi R PRAHFARE TRAP (1E RS BN /KEEAH - HE
TR IR 3 7K FAe A A v 2 I o o P B (B 2
FIMES ERTEL (Park et al., 2022) »

120 1

& & g 8

3

TRAP Positive MNCs/Well (% of control)
L]

e
k=]

ab

TRAP activity (% of control)

control Spg/ml  50pg/ml  500pg/ml  1mg/ml 2 mg/ml

Fig. 3 Effects of Eucheuma serra enzyme hydrolyzate on
the fusion of multinucleated cells (a), the number of
TRAP-positive multinucleated cells (b), and TRAP activity
(c) in osteoclasts (differentiation from RAW 264.7). All
data are presented as mean = SD (nh = 3). Different
alphabets on the bar revealed statistically significant
differences at p < 0.05.

(F0) BB Rk HIESHER BCL2
A BAX BHTER mRNA RIREBZF
%‘5

I A TR b e SR B TR A B E
RIEAETE R 10N S e AT #EH BCL-2 HT CEX
Bl BAX (T BEIRIRY 2 B A S 5 A A =5 iy
(Skjodt and Russell, 1992) - fERffZ2 i RAW 264.7
HHIINA 2 43EH (RANKL 1 M-CSF) B5Ekt
SETG AR ARG » 653 50 - 500 pg/ml
IR K ) L5 8 - oA SRR B

AR #EEREER 50 - 500 pg/ml JEESRRE SR
Tk i B R R B Al I BCL-2 L TR A

mRNA FKIFE » [fi Pang et al. (2018) B FRE
HEEA > 25 BCL-2mRNA KRB BTy IEHH
2.3 f% » BURHSRBUE ErHRAE S0 5 A @ e
K - FEE PRI 500 pg/ml BHIBESERE SR /K YY)
BEEE S BAX RUEU-HER mRNA %EIE (Fig.
4) » FORBUB SR /K 2 E RAW 264.7 T
1 LA e Y 9 R A T R AT R
o R e E AR ER R B B L - LRSI
Sun et al. (2020) f#H dexamethasone {FRAREE
MR BAX mRNA KHLE# 6 f5HEHFNE
B, % 4 v DL & & TUNEL (terminal
deoxynucleotidyl transferase dUTP nick end labeling)
SIRT  HE— P RERIR A A R R -

~ 327 oBa o
_§ 3 | @BAX %
: 1y é
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Fig. 4 The influence of Eucheuma serra enzyme
hydrolyzate on the mRNA expression of BCL-2 and BAX
in osteoclasts (differentiation from RAW 264.7). All data
are presented as mean + SD (n = 3). Different alphabets
on the bar revealed statistically significant differences at
p < 0.05.
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VY ~ BB /K I R L R

#F 6 % SD RE LU RiRHIEIE 1 g/kg body
weight #& 58 5RIE R R BB SR /K R) - 5 A
Bigg 14 KT 2 REEN IR EERE » 5
REURABEMZ B EERY - B hEsgE
ARG N BAE S AP IR vT B B b, B
WL SRl SR /K A T IR A RO Bl o P BB E
& (median lethal dose, LDsp) KfY 1 g/lkg BW H
ARMREENE (Table 2) -

Table 2 Eucheuma serra hydrolyzate’s 14-day oral
acute toxicity test
Group A Group B
Dose
(per kg body weight) 1 g/kg 1 g/kg
Body weight (g) at
day 1 192.37 +2.71  210.20 +6.93

Body weight (g) at
233.63 +10.83 235.70 +=12.02

day 14
0 - 14 days of .
. normal no lesions
clinical symptoms
Pathological .
. normal no lesions
anatomy

A: The first group, n = 3.

B: The second group, n = 3.

*Pathological and anatomical examination items include:
appearance, subcutaneous tissue, abdominal cavity,
reproductive system, spleen, pancreas, liver, stomach,
intestine, mesenteric lymph nodes, kidneys, bladder,
adrenal glands, thorax, thymus, heart, lungs, oral cavity,
salivary glands, lymph nodes, trachea, muscles,
esophagus, and others

AR FME R R DI FTRE RS Salmonella
typhimurium B IS EiMk (TA98 ~ TA100 ~ TA102 ~
TA1535 ~ TA1537) spMriRinEseed it - [RIEHE
BPREA His FERITRAE » e R IR BR B v e
EAELE - R ARG Y E B P IR R AE A
G R R R AR TR ARE Y
PR E - RUEREZ B E A B e - 505
ey E HOR SN e 828 - (HE#EA RN
TRl RO SUE LR Y) (KA
HRIA S9 mixture & HWR R LEAYEHEA
ABSRIVRE - DSBS S E
HEGEE -

BRI EUR - EmisE AR E /i S9 17
1 » UNINEZ B M T IEAE 5 MREABE Bk
ZERA BN U R B M B IR R 2 2 5Lk
(Table 3) - fEHE SO FyBFE R RN 1.25 mg/plate
VL = e 2K it MG EIAR TA98 ~ TA100 ~
TA102 ~ TA1535 ~ TA1537 Z2 B2 Ba e S IEAH
E - SUREIEB R SRR AR seg H A
BE e o AETRIN S9 FUESE R » IR
hn 1.25 mg/plate BLEASEEESR /KT 5 MREER
MR 2o By 38 £10 ~ 227+3 ~ 34630 ~ 13+
4 ~ 11+ 1 (CFU/plate) E{EAR M HRH HoREak
P IRRHAHE » BRI 32K A L8
B BRAVEYIIA H o8 -

T~ BRI ORI B RERH S Y
Y

524 EYIFRONELS 12 JEECHEN: SD AE B8
PO ECEIRATG (G ~ (RRIRM (G2) ~ R
fH (G3) MZHYE (G4) SFEl TH A HEENY)
g > 42 K E IR RS MBB ISR, - %
AlBE A B e E B AR 2 52 (Fig. 5)

400 A
380
360

340

Body weights (g)

320

300

280 T T T T T T )
0 7 14 21 28 35 42 49

Day after treatment (day)

Fig. 5
experimental rats. G1: 0 mg/kg/day, G2: Eucheuma
serra hydrolyzate 250 mg/kg/day, G3: E. serra
hydrolyzate 500 mg/kg/day, G4: Fosamax PLUS 7
mg/kg/week.All data are presented as the mean + SD

The six-week body weight records of

(n = 6). different alphabets in the same column
exhibited statistically significant differences at p <
0.05.
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Table 3 Salmonella reverse mutation test of Eucheuma serra hydrolyzate

Without 59 (CFU/plate) With S9 (CFU/plate)

S. strains negative positive h 5 slerra " negative positive E. serra

ydrolysate hydrolyzate
TA98 38+4 265+ 6 28+6 36 +3 196 £ 12 3810
TA100 162 + 22 647 + 18 167 + 22 181+7 832 +43 227 +3
TA102 390+ 2 899 +13 367 + 23 433 +9 892 + 20 346 + 30
TA1535 22 %1 240 =17 24 £2 16 =5 189 + 8 13+4
TA1537 14+2 272 + 36 15+3 14+2 325 + 41 11 =1

*The concentration of E. serra hydrolyzate in this test is 1.25 mg/plate.
All data is shown as mean = SD (n = 3).
All strains have defects and cannot grow normally. S9 is mainly a rat liver enzyme, and the positive substance is a mutagen.

(a) (b)

9- 0.25 r 160
OB-ALP
BWeek 0 (Day 0) @Week 6 (Day 43) a
8 4 oBMD
140
a 0.2 w
7 ab ab ] b
6 - 120
E Z 015 =
g s s §
3 = be ° L 100 2
= 5 < 2
z 3 a 2
3 - 80
[ )
2 0.05 1 ]
d . 60
1 é c
0 . . 4 KA R 0 40
Gl G2 G3 G4 Gl G2 G3 G4

Fig. 6 Rat serum analysis of (a) NTx variations, (b) B-ALP concentration (O), and (c) femoral bone mineral density
(®). G1: 0 mg/kg/day, G2: Eucheuma serra hydrolyzate 250 mg/kg/day, G3: E. serra hydrolyzate 500 mg/kg/day, G4:
Fosamax PLUS 7 mg/kg/week. All data are presented as the mean standard deviation (n = 6). Different letters on the
bar indicate statistically significant differences at p < 0.05.

(—) BERREMMBEED (G3) Bt B /K g Py £ ] g HE K B B-
ALP & - HfEH 0.10£0.02 B 0.19 +0.03 ng/ml >
ARG B E MIE R EE — BB R E H 2 NTx R R A A =R E R (G115 0.08 +
& B-ALP & & @ pRIREEERA N EERESR 0.02 ng/ml) FIREZWEH (G4 0.16 = 0.01
% (Carson and Clarke, 2018) - ZXB# A FEUHAE T 6 ng/ml) - RFREEBEERE KRV S G (e E B E A
BB RO REUR - SR R R ZVER] (Fig. 6b) -
KPR (G3) KB NTx AR MEERIR
B (5.94 = 0.62 umol/ml) BL#% (4.69 + 1.80
umol/ml) B H At pR BEAH 2 BBAE NREISS (RIS 2EBYEH (G4 iREEREEE) KB
FABR £ Day 43 2 NTx {HIMER BHEA (G1) fiz 2% B2 FE ARG RIS IR LR BRI B — B FR
EYrEf (G4) o dELEIRRH (6.20 £0.90 pmol/ml) B - AR - SRS BYEHCEEE
EHMEEAR > SRR SR SRR K B Fy 97.76 £ 1.90 g/em’ » S EHHRAH (G1 5 50.26 +
) A RIS BRI IEIE - 53 B-ALP 3.10 g/em®) 193% » TiEAERY T 6 SEEIERE /K
SIFTRE IR R R EEIE (G2) EiEHE Ytk REI R (G2) RmMlEMH (G3) KEW

(=) BMD gty
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BMD {E}51 8 64.76 + 2.66 J7 74.64 + 3.54 g/em’® >
IRERE = BTG - AARIBIBER B R/ R
FREAG B EREENER (Fig. 6b) -

100 b
: |
Z
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Fig. 7 The trabecular thickness, volume percentage,
and tissue section of the rat’s femoral artery. G1: 0
mg/kg/day, G2: Eucheuma serra hydrolyzate 250
mg/kg/day, G3: E. serra hydrolyzate 500 mg/kg/day, G4:
Fosamax PLUS 7 mg/kg/week. All data are presented as
the mean = SD (n = 6). Different alphabets on the bar
revealed statistically significant differences at p < 0.05.

(=) BHBRIESDH

B KB - BREGHIRRRE
L 10% PR S ARE E - AR EEE ~ Bk ~ fi ~ 1]
Frk H&E Getttg i HH Y] A EE 5/ e
HURGERAEMb, » RS REUEAER T 6 JAEA = (G2)
el (G3) AIMLE SRR /K gy oK B
2 N RE S IR 88.20 = 11.51 1 97.24 +
17.22 pm - BE{ERA 2 ZYEH (G4 12021 =
15.57 pm) » {E{PES SR (G15 71.08 = 10.48 pm)
HEUEH SRR 2 B 72 5 MU AR =
KRV R 25 EY) it nl e T R BN E B E
J& o St KB BB/ IMR RIS » RSB FL s b

S EE R 2EIEAER DI2EYER (G &K
=Ry 53.32 + 2.54% ; =& (G3) BUE=R/KEY)
FH 37.68 = 2.75% EBNMEHI & (G2) 3245 +
2.92% - EIEH (G1) =K (28.92+1.61%) » it
W EREE /MR H&E GetfS S| —BErvRiR - Bl
RERZHBYE R - AR BB SR YRR
HHE B 5/ MRS A A2 - §F L
it FREUT B FA K B BRI S I S5 /K fig oy ] Bl
BRAEHREEY) (B REEe) BAHERECR -
B AR E /MR ZERR - $2TH B E R R B A
(Fig. 7) »

JE S e = A5 (1.29 + 0.06 g/100 g) T]
W2 EA 1 HESHEIE » 2k RIFRIEMERES
I Bl s 23.11+0.08 g Wil 2 1k nl 17
AT AERIEH - DUEEHIE (MG-63)3{EE
WL S e SR K ey mT i S B R e b R T
BN R AR R A - CLRE 0.625 mg/ml [Ff
AlfETEEE 1 MBI 2B ALP 3# 154.36%5
164.43% - SR AR AL EREE H » 250-500 pg/ml i
WS R /K i) A R et i T e B S B A
REEL K41 RANK ~ NFATcl fI DC-STAMP %
mRNA F & Ry #Ef#H. 2 0.11 - 0.06 ; 0.24 -
0.10 10.75 - 0.50 £5 » T &AL 5 HHHAZ By 4
TS SRR EUR T HIHITE B2 B R AR - (7]
REth B TRAP 15 2 BUA & MR BN 1F
F -+ RO SR B 32K ) LA IR e 5
b B ARSI A e i B B TR S R L m 43
fig o 534 MR = I 32 K R ) L RE S R ECE i A
th BCL-2 HidTCHEA mRNA KELE  HARE
500 pg/ml B AR S BAX {EJETCEK mRNA
REIREH T 2.91 £ - RREEZ/KEY)RE)E
B AR g IR E TR S TR AR RS U
fEEPRYEERAE -

WIS e SR /K AR I AR s B 1 BB3E LDso K
1 glkg BW HARCIAREENE  FEE S
HIZE B ML =2 B 2 /K W) AR 5 e A EE YA
HLEZ B - (K] LI I S 8% 32 /K g 43 | AR
MuaBEiR A 250 pg/ml Bl 500 pg/ml #E R O EL
kR E R AMER EH 250 mg/ke
(G2) HaEPil&EAH 500 mg/kg (G3) » FEHAERLAER 6
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T AT TR BEUME  B-ALP & & B [
NTx & RoR/K Y EA RS E 4B 5
B HIE R AR R A S8R S LA
B R A SSOR B R HEZ (0.19+0.03 ng/ml 5 4.69 +
1.80 pmol/ml) - BMD FFflifi SRATT - BEESEIE SR/
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ELBMD {HZ 64.76 + 2.66 K 74.64 = 3.54 g/cm’ >

HEEZ S A EIBME (Gl 50.26 +3.10 g/cm3) ;
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Study of Eucheuma serra on Bone Health Care

Tsung-Kai Yi, Ming-Chieh Tu and Huey-Jine Chai"

Seafood Technology Division, Fisheries Research Institute

ABSTRACT

The maintenance of bones is referred to as the "bone remodeling cycle," which has two components:
osteogenesis and bone loss. On the other hand, E. serra is an abundant source of calcium and phytochemicals in
Taiwan that is used as an edible algal raw material. This study aims to investigate the mechanism and enzymatic
hydrolysis of E. serra for the development of bone healthcare products. We discovered that 100 grams of E. serra
contains 1.3 £ 0.06 g of calcium, which is sufficient to meet the daily calcium needs of humans, and that 23.11 +
0.08 g of sulfated polysaccharide can promote osteogenesis in a synergistic manner. When 0.625 mg/ml E. serra
hydrolyzate was added to the maturation of osteoblasts (MG-63), the type I procollagen and alkaline phosphatase
levels increased by 154.36% (p < 0.05) and 164.43% (p < 0.05), respectively. Which demonstrated that E. serra
hydrolyzate can promote osteoblast maturation and mineralization. In addition, it was confirmed that 250-500
pg/ml E. serra hydrolyzate down-regulated the mRNA expression of genes related to osteophyte maturation and
differentiation, including RANK, NFATc1, and DC-STAMP, which were 0.11-0.06; 0.24-0.10; and 0.75-0.50 in
the control group. In addition, nuclear staining revealed that it inhibited the formation of mature multinucleated
osteophytes and exhibited a dose-dependent inhibition of cell TRAP activity. BCL-2 and BAX mRNA expression
were 0.45-fold and 2.91-fold of the control group, respectively. This variant demonstrated that E. serrahydrolyzate
mitigates bone loss by promoting osteoblast apoptosis and inhibiting the decomposition of calcium minerals in the
bone matrix. In ovarian removal animal experiments, after 6 weeks of continuous administration of 500 mg/kg/day
E. serrahydrolyzate, the B-ALP content (0.19 £ 0.03 ng/ml) increased and the NTx content (4.69 = 1.80 umol/ml)
decreased in the serum of test rats, indicating that E. serra hydrolyzate promoted bone formation and prevented
bone loss. Also, the femoral bone mineral density, trabecular bone thickness, and trabecular bone area ratio of rats
were found to be slightly or significantly greater than those of the control solution group, just as Fosamax PLUS
did. In addition, genotoxicity testing revealed that E. serra hydrolyzate and its metabolites were not mutagenic,
and the median lethal dose (LD50) for acute oral toxicity was greater than 1 g/kg BW. Based on all available data,
the recommended daily adult dose of E. serra hydrolyzate is 4.8 g.
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