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Effect of Ecklonia stolonifera Extracts on Bone Turnover
Markers in Ovariectomized Rats
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Dept. of Food and Nutrition, Silla University, Busan 617-735, Korea

Abstract

Menopause is often associated with the incidence of several chronic diseases including osteoporosis, car—
diovascular disease, and obesity. The purpose of this study was designed to evaluate the possibility of osteopo-
rosis prevention in postmenopausal women. In this study, we investigated the effects of Ecklonia stolonifera
(ES) extracts on bone turnover markers in ovariectomized rats. For this study, the following four groups of
9-week-old Sprague-Dawley rats were evaluated over 6 weeks: normal rats (SHAM), ovariectomized rats
(OVX-CON) and ovariectomized rats that were treated with ES extracts. We measured the osteocalcin and C-te—
lopeptide of collagen cross-links (CTx) content, enzyme ALP activity in serum and collagen content in the carti—
lage, bone, skin and lungs. We found that the levels of indicators of bone metabolism such as alkaline phosphatase
(ALP), osteocalcin and CTx were lower in rats in the ES extract group than the OVX-CON group. In addition,
the collagen contents in the bone, cartilage, skin and lungs decreased in response to ovariectomy, but the levels
of collagen were greater in the bone of rats that were treated with ES extract than in the bone of rats in the
OVX-CON group. These results suggest that the ES may be an effective functional food to prevent osteoporosis

in postmenopausal women.
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Table 1. Experimental design of animals

Group (No)V Treatment
SHAM (7) Operated rats
OVX-CON (7) Ovariectomized rats

OVX-ES50 (7) Ovariectomized rats supplemented
Ecklonia stolonifera
ethanol extract 50 mg/kg bw/day
Ovariectomized rats supplemented
Ecklonia stolonifera

ethanol extract 200 mg/kg bw/day

OVX-ES200 (7)

"No: Number of rats.
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T4 A A EQ serum alkaline phosphatase 842 =
AL kitE AFEste] AEAEsE A 7] DRY CHEM 36001
(Fujii, Tokyo, Japan)E AH&3st 435tk &7 osteo-
calcine rat?-§ osteocalcin ELISA kit(Biomedical Tech-
nologies Inc., Stoughton, MA, USA)S ©|&3}a] ELISA
reader® EA3tATH = &3l A#E<Q A 5 F2HA 7t
C-terminal telopeptide(CTx) %%+ RatLaps ELISA kit
(Nordic Bioscience Diagnostics, South Tyneside, England)
=2 o] &3l =Hsdoem Hdel= Type I collagen?
C-terminal telopeptide al AF&Eol EAZ <l polyclonal
antibody 2] &9 biotinylated EKSQDGGRe! thdl A4
AL 712 o =z syt Agx32 F9) collagen &F =3
S f8le =, A=, I3 9 # 232 7217 200 mg¥ FH9|
o] 7F=E3)(6 N HCl, 110°C, 20 hr)dtx o3}, s%3le] &

FTE AIRE 59 F F&3te AP AHE3HT AR

%9 collagen2 Woessner(20)2] WH O 2 colorimetric



o7k A7) Aol HE DAY 2

method® hydroxyproline(Hyp) &2 &% 3 & collagen?]
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<] Hyp9] &2 Bt 110%H7]/ 1000770l Bn 2 24 F
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Collagen (pg/mL)=100/11 xHyp (pg/mL)
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Alkaline phosphatase(ALP)=
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Table 2. Body weight gain, food intake and food efficiency ratio of rats supplemented with Ecklonia stolonifera ethanol extracts

for 6 weeks

Group” Final body weight (g) Body weight gain (g/day)  Food intake (g/day) Food efficiency ratio (FER)?
SHAM 304.0£31.8"™ 413+3.09™ 1831 +1.56™ 0.23+153"
OVX-CON 333.0+28.6 5.34+4.41 20.95+2.49 0.25+2.46
OVX-ES50 355.9+17.8 5.02+5.41 21.02+1.83 0.24+1.83
OVX-ES200 358.2+18.3 499+313 21.25+1.54 0.23+1.56
DRefer to Table 1. ?FER: Body weight gain/ Food intake. *Values are mean+SD (n=7).
NS c e .
Not significantly different.
Table 3. Organ weight of rats on Ecklonia stolonifera ethanol extracts supplementation
Group” Liver Heart Lung Spleen Adrenal Kidney Uterus
SHAM 837+0.86"™  093+0.11"  1.18+0.08%  050+0.077  007+0.03%  1.81+0.13%  0.60+0.15"
OVX-CON 8.060.41 1.01+0.12 1.42+0.14 0.57+0.05" 0.06+0.02 1.74+0.11 0.11+0.01*
OVX-ES50 8.32+1.29 0.97+0.10 1.55+0.50 0.59+0.10™ 0.07%0.02 1.70+£0.11 0.12+0.03"
OVX-ES200 7.86+0.63 1.03+0.14 1.42+0.32 0.66+0.13" 0.07+0.03 1.77+0.10 0.10+0.02°

YRefer to Table 1. ?Values are mean+SD (n=7).

YValues with different alphabets are significantly different at p<0.05 using Duncan’s multiple range test.

NSNot significantly different.
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Table 4. Effect of Ecklonia stolonifera ethanol extracts on
serum alkaline phosphatase activities in ovariectomized rats

% - )

)

Table 5. Biochemical values of serum indicators of the bone
metabolism of rats

Group” ALP? (U/L) Group” Osteocalcin (ng/mL) CTx” (ng/mL)
SHAM 299.3+130.6"*Y SHAM 18.35+0.807* 17.89+0.30°
OVX-CON 668.7+141.0 OVX-CON 20.93+0.32° 19.95+0.44°
OVX-ES50 4251+193.7° OVX-ES50 20.20+0.65™ 19.90+0.38"
OVX-ES200 324.7+35.0% OVX-ES200 19.68+0.52 18.69+0.51°

YRefer to Table 1.

? Alkaline phophatase.

YValues are mean+SD (n=7).

YValues with different alphabets are significantly different at
p<0.05 using Duncan’s multiple range test.

=3 FEE0| @4 ALPY 4ol
Rolth. GAadA Al oﬂ*E 711 a¥
Z7 o] B GAaFEA T B
HAo, da A & %4 FEES 5% FollME=
gAo] foH oz tadte Aol YElRTh o] A&
A & =EZA & 1 =
Foi7t A 2EZA A 28-S o
T £ ATE SNATE A=

EE.E

&3 39| osteocalcin
oM e Z2ZAx o3 = 34
faf7t vrEHo g wAsty glom
ZAgle] we] e FE
& A (hone remodeling) ¥} o] &1Fs] dojFti(32). F
tE=9 JdAF AAHL A5t = wA Y A3eHFE xEQ
osteocalcin2 & 714 9] vludyd @A F 15~20%5 2
= ZHAAN B F A -l Bt
SZAEANA T2 FAHE F 30%7F = 712 AFst
S WPt ATH33). gHrE o

2 H7A7] QAN = & wAE&o] F7FsHEA A osteo-
calcin =7} <F 28 A= %7]':}‘:}(34). E A¥ 23} osteo-
calcin® P42 AA3 OV
312 282 SHAM-l vl

2z WA osteocala 3}fo)

%
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Walo, fF92Q1 zhe]
Park 5(35) #H7 % oA A o] F osteocalcin &=
= 40%, deoxypyridinoline 80%7+A] &7}sl=4], ol =
AN & F571 = P vlE) “EHZ* 52 s S
AL gulsty, webs] AR & F4L =8l o) 1

H|§0] Fo]E0] F F9| osteocalcin® 743 ACE Bl

St Tth 8% osteocalcine F WA 8-S FAE W=
Z Al EXAEA ZHEete {4 F SUlkske Ao = Y

Ui = giAE B Alele & 34 EARZEA 2851
}L Ao 2 ey H7% & dF osteocalcin
Hol g2 yehd = Jern=z Bt ¥

YRefer to Table 1

2)C*telopeptide of collagen cross-links.

YValues are mean+SD (n=7).

YValues with different alphabets are significantly different at
p<0.05 using Duncan’s multiple range test.

& A7t FhH o olRolxel & Aow AzAT

C-telopeptide of collagen cross—links(CTx)

g3 CTxe= = &3 &4 A Type I collagend] E31&E
2221 cathepsin Kol 93} w7 == dFAE ] tha}abE o]
th(36). Garnero 5(37)& #H7 & 48 UFo=Z 3 AT
A dEE & 955 B o= CTx A ZFo] =5
A HEEY =4 A3=rt Frtsta e, 53] A4 ¥
EEF AANA AT ET & F CTx 55 B
3te4(29), @ CTx7F 24 A U AFAAEE /&
F A%} ST B AFME GAEA| o] 1 W*Zéxﬂ
o) HlE £ CTx 58 o] dadATo] o] &
a7t F7HE A5S HER AT (Table 5). 3+ +3] %%%
50 mg/kg bw/day T 9 3¢ OVX-CONwHT} vt

o CTx %S Ueh Qo Goao] 91 v 200 mg/
kg bw/day T2 A% dF CTx gl 97 743
G, A4 SHAMT G A9 vt 255 Yeid
ot WA ol FAHEAZ Q18] bone turnover’} S7HE

|

r°"

BRI B F2E T2 98] CTx o] WA o2
#ad AR F9 F F5 AS) avel 93 ez
=480,

DdoFIXI KOI collage |g=| =13

Collagen M= 7+ AFzZ o] T8 FALEQN B
A2 A AA gl de] 50% o] A A
B etA BX3TE H4 19%F olte] wEA . =
oy} Z7)el BE 9 AA 24 V)5S otH, 53] g%, &
=, W 5 Az Fag FAYESZE A collagen o]
0% T, 20065 Wt A=, 1 9] R U T Al
YA BEX3 Jth38). AT =R 2EZAL JH
Ay Fo] Aol EE A=3tH AFotA X 59 collagen
& qEZA oste] Ao Friettha 4 A ATk

I -

=
(39). E3ZF o} collagen?] thAtel Fojsts Hajas
matrix metalloproteinase-1(MMP-1)2] ¥&-8 ZH3}o]
collagengl 23S JASH, d2EZA0] AFEW HIA
JA o2 ZAEAATRA] 2251 %3 WY collagen &
}E}% A= 249 k3ot & Y, S-S el Al
o] T4l StH40). B AFolA e GAHEAR ety o~
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Table 6. Effect of Ecklonia stolonifera ethanol extracts on collagen content in cartilage, bone, skin and lung of ovariectomized
rats

Group” Cartilage (mg/g) Bone (mg/g) Skin (mg/g) Lung (mg/g)
SHAM 135.51 +20.222° 160.56 +19.44" 127.90+27.01° 22.46+3.35
OVX-CON 113.88+18.14° 146.35+10.74° 105.50 +30.84° 18.324+1.13°
OVX-ES50 130.20+23.05° 154.87+13.93" 123.40 +25.06™ 22.14+1.65"
OVX-ES200 150.59+12.54 169.08+11.69° 139.23+34.22° 23.21+1.36

YRefer to Table 1. ?Values are mean=SD.
YValues with different alphabets are significantly different at p<0.05 using Duncan’s multiple range test.

Egdlo] A= AS W collagen B4 w3}t o] &3 AFZA G| AREE I ok GAEA] A | E2EZZ A3
FEEY 4TS HESFAN(Table 6). 2+ 2Fx3Z F9 © 2 bone turnoverZt F7+E o] Bl GAEA T HE) 7
collagen &2 dAHA 0 o3 HAste ZAFE UEY Zo ALP &40 SVt Ao, da A & 39 FEES
Atk A= A dhAA o sl 74T collagen 0] Fog TolAe 1 &0 FYHeR Faste Aol v
GadA F FY FEES FAg FollA FUHsHaL, 53] Elntth o] A2 dAAA F o 2EZNY EHVF TAEE
=3 FZE 200 mg/kg bw/day F¢1 OVX-EC200] ol whel) T3 FEEo] J2EZA A LS TdoER U
A Y H oz Frtete Z2#7E e ol st AFe 2FEAZ QAT T &4 ATE $FAT Aoz FEEHoR
¥ 2AME v AEFS JEldt E = ¢ 93 . 3 osteocalcine HAE A OVX-CONT 2] 3%
ZANME daAA o e 743 collagen TFo]l =3 G2 AAEHA e SHAMT O Bl 5 A4S Yeh)
FEE Fod g Fr1etAa, A4 SHAMY FF o] AthF o2 Z %9 osteocalcin FHE A EJSS U
ooz Frtste AWt et EtEEe 5713 Bt #3 FEES Fog A9 OVX-CONvHT}H ¥
I FeFo] Astd JelE FxA Y vAFx7F "l AY % osteocalcin FE7F F& o|EH o2 rasteE AIAS
IR R It Fo] frefal A FHo] HY| A AEEH e, 931 Aol UEA] FUth F osteo-
ANAEZA AP o3 thaFF2 53] do| gA dof calcine & A 48 S AT o= & AL EXAZ
g de 2o dvha §ti(4l). o] A5-9 dEEZA A A&t 17 § Fksle A2 E JYEhdal & tiabrt
Foe 9 F7124%Y 7k 4 mdAd o 240 ETE Adde & 34 ZAAEAN ALt S B A
T FFE AN FHY 4l a3E Adta RuEn = AR yeht H74 ¥ 5 osteocalcin® F3tell thgh
ATHBA). o439 Ad As} dadA = Qs A3 237 F9 o] 2 A YEE ¢ Ao B E Bt B2 A7 F714
collagen o] ZHAEHI oY F3] FE2E Foo 93| o2 o]|Fojxjol & o F AL A F &3 AxQ
BT FEL R JEHe S JE AT o€ estro- oA Fof CTxe d&HA|TFo] H| HA|o) Hls) & %
gen FF A dojd & e T &40 3 d AR EH S B dAhHEAT o F &3t SUHE RS e
F79 && 7S AL gl ol &8-3 7|54 Atk ¥HA FI FEF9 FAR 13 CTx T3Fo] 743
2 MEE 7ted Ao E y|giEh o ES20072] ¢ SHAMTRT 2 +£F02 YEly
o} o] YA Z A3| bone turnover?} S7HE AFE] ol A
e < =3 FEE] T2 A CTx ko] HRHo 7 743
ARZH F3 ] & FF A3 Eol o o7 FHET
7] Qe A8 HA FFEC] YEhved], 53] A x4 F9 collagen §H2 FAHAZ Qste] A5}
EERANS FAaRE QI 5 Nd 249 Wz 5o Foy, F3 FE2E Fod 3 IEH= IS e
A A Ao W o] F43] FUtete IS Hola Atk 53] A= 2 # 2Ho e A AA o o8 A
gom e FA Z AA=E Q3 IHFEe YFAo) collagen $&o] dad A & F9 FE2ES TS FolA
ol olo tigh o) E X F o tigk A7t ] o] Fof F7FtAaL, 59 F=E 200 mg/kg bw/day T OVX-
A3 Ptk B AFoMs 22F 39 FEES AEE EC200-ol A Fe]H o g2 Frtste A#7t Yetsth &d
3t in vivo A8S B3t A7) Gl Al e F e = 9 R 2HGME da HA o ) A3 collagen T
= &4 NAEFHE AES] At = 4 AxEQ] alka- o] 31 F&E Fod 93] Zr1et4a, BT SHAM
line phosphatase(ALP) &4 % osteocalcin =9 & &3 T FF ol E FUFsE 27t UEET o]y AF
Z|3£¢1 C-telopeptide of collagen cross—links(CTx) & A3 A¥E estrogen F5 Al ojd = Ue F &4 U3
z27 F9 collagen &S SA3ATE ALPE H7 Al o= oA A ZH FI o] &8 7HeAAE AAKEEL o, o5
EZZe Ago g Qs & Hlo] FUlstERE F A Y & 715 &A NEE 7ted AoE JgEn
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