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The Effect of Ecklonia cava Extracts on Bone Turnover Markers in Ovariectomized Rats. Sung Rim
Kang and Mihyang Kim*. Deparfment of Food and Nufrition, Silla University, Busan, 617-736 Korea -
Menopause is often associated with the incidence of several chronic diseases including osteoporosis,
cardiovascular disease, and obesity. Hormone replacement therapy (HRT) is an effective regimen that
has been found to prevent these diseases in postmenopausal women. However, HRT is accompanied
by an increased risk of unfavorable outcomes. Therefore, this study was conducted to evaluate the
effects of Ecklonia cava, a kind of seaweed, extract on bone turnover markers in symptomatic meno-
pausal women. 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 Ecklonia cava extracts. The optimum extraction temperature and solvent of
Ecklonia cava were found to be 80°C and 80% ethanol. We measured the osteocalcin and CTx content,
enzyme ALP activity in serum and collagen content in the cartilage, bone, skin and lungs. We found
that the levels of indicators of bone metabolism such as ALP, osteocalcin and CTx were lower in rats
in the Ecklonia cava 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 Ecklonia cava extract than in the bone of rats in the
OVX-CON group. According to these results, we were able to know the effects of Ecklonia cava extract
on bone aging in ovariectomized rats. Consequently, we expect Ecklonia cava extract to have an effect

on bone aging in postmenopausal women.
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Kimble [17] 5 G444 & 274 & £4& st <
A2 interleukin-13} tumor necroting factor (INF)7} 714 %
a3t 8tk B3 Dempster [6]2 WAE AAT HF 4
Al &M Z(cancellous bone)e] AAdo] FHEHYOH of& es-
trogen®] 7HA7} s A o] 4 ZANT)AL o= T =
249 92 F5A7]7] ol Y

HxFe A AAHLE oF 80009 Fo] 4HA YoH,
oA AgszE 50 Fo] Stk sjzfolle ZHErv
K, Ca, Mg, Fe, P, 1, Zn9} 7} HIE}Y] A, By, By, By, By, Wfolo}
41, pantothenic acid, BIE}RIC, HIEMUE, 2] 0] -2 4712},
ZEolo] gol 203le], & ¢z AFot21] &
B2 277t A AA g Aol M dF oA, AAE,

ZHFOE AHEE DL St} 53], ofAlofo M= 2|
A8 AR TOE AMH ston, NYdAe F&

N - [ e
N O
P

o
K3
T
K
18
off
2

| AF23 polysaccharides (agar, alginates,
carageenans)®] YEZ AREE I JTH4]. HT 3 EFe ¥
@ A - 3 Bl A2EUA A2 2T 4
HEHEA Bale] n2HAL, old #F A7}t T3]
A% 0] th19,20].

B 280 A3 e (Ecklonia cava)e W2 & 2 {E
4% 28 o} u}E (Laminariales) 7] % 3} (Alariaceae) o] 2] &
= #2 S ol AT, Dol Aas 3

392 23 0 W05 A, Piloleis Tl 4 @7

2 20]AY alginic acide] 948 E ALEHE
o1 8717) 2 A QA eke1a). delel @ A A7
& ol2e] AtelA el 27 % o) P g
A 7] 2719 Qo) BE REAA 33 $40] S5
A ettt aen, S11je AFd e 28FEo
in vitro 2 in vivo AFNA n8LS Ast= £} e
& Baska glvk ofs} o] eje] Fikst &4 5w}
H A7 s o] glou Adr] Fof Al e £ Qe
EAd W A vHE 240

7N HHFEES ARE ol inoiwo 2P F
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2
tol 78d7] ol Al vehe = 9

=2 &4 Adade dEs
1 Y3t & dA A HQ ALP &4 %

! osteocalcin &%, &

N

Table 1. Experimental design of animals

38 AFE CTx & F 239 collagen &S 2

e
oxl
oh
42
=

el 20079 109 AFH S st
A A Fddte] S5 4~53] A

EEEE AL A A2AA gl 2
ssto] Aol &S ATh. A% ZHE 80% ethanol 212

7tel 38 @ FEstel AATFVIE wH3a §E W2
ethanol F23< 0.9% TR J4T F SEd g

MESE, ASZA 4 Ao|=d

180-190 g1 953 o] <+ (Sprague-Dawley) # 5 Q| E
Hpo] @ oA ot 137 A3 ¥t AA Fes
39 v dAaHA x| AE sham-operationg A A3}
Aok £ F 1543 1F A4S Fo AAV AEHT,
W3 (randomized complete block design)oll ¢}s) 47 0.2
Ut & 438582 dadie o4 g3 e &
2EY2E F ¥ d2AEA 2 FCHAM), das HA
O] 2+(OVX-CON), daHA] & 7 F2E 50 mg/kg &
T (OVX-ECR0), B4 & e & 200 mg/kg 7
(OVX-EC200)0.8 7} 7v}g]# 4708 o] 1 mle] Al g
e BT FoAdH 673 A3 th(Table 1).

(o)

M Hl 2 o o

A 7|7 Tk o] Ayt AFS v AT A7t
AT TP AMgEde & Mi2°C 55
50-55%E fFAIAZ L, 3 Aol A glo] AFsHeH,

99 NEE 09% BHGFE Folste] BT 2T
e BY 39 HA9FE Folsn,

o gl Z7| &
A AP FES o5 2 64T AAAZ & HEZ v}
shol] &g & HRjsHel A s}
2|3k 3 3,000 rpm, 4°Coll A 10%-7+ €

e

s A EEstd 84
BsAa 49 A7pA -70°Co Rasdd. 84 22
09% AeAds &A08 A[FAZ £ E7E AA}AL,
529 A= AAHAA BEsgon 35 g ey
I #3 99 Ae AAste FAE A F AP A A

Group (No.) Treatment
SHAM (7) sham-operated rats
OVX-CON (7 ovariectomized rats

)
OVX-EC50 (7)
OVX-EC200 (7)

ovariectomized rats supplemented with Ecklonia cava ethanol extracts at 50 mg/kg bw/day
ovariectomized rats supplemented with Ecklonia cava ethanol extracts at 200 mg/kg bw/day




-70°Ce]l Hgst ot

A &4 A FE < serum alkaline phosphatase (ALP) &4
& 348 kit ARgste] AFAseEA7] DRY CHEM
36001 (Fuji, Japan)& Algsle] EAet4t). 84 osteocalcin
2 rat H§ osteocalcin ELASA kit (Biomedical Technologies
Inc, USA)Z o] &-5}0] ELASA reader2 2439t} 2 &3
A %9l 8% F FohA 7hal Cterminal telopeptide (CTx) &
T+ RatLaps ELASA kit (Nordicbioscience diagnostic)Z ©]
f3to] 2459 o Y= Type 1 collagene] C-terminal
telopeptide al A& o] 5441 polyclonal antibody¢] 3
biotinylated EKSQDGGR| 3t A4 AgS 7|Ro = 3
Atk 24 F9 collagen §F A& $J3te] &, 4F, A
2 3§ 248 747t 200 mg A 25}l 7H5Ee)eN HA, 110°C,
20 hr)3tan ofsh, FE3t0l AP AL AR 29 col
lagen& Woessner [39]9] W¥H o2 colorimetric methodZ
hydroxyproline (Hyp)#& =73t 3, collagene] o}n]x=2k
ZA 0.2 5H collagenzg #4431t} Collagen % 2] Hyp
o] ¥l g-& B3t 11077]/100077] o] 25 % &% 9] collagen
FE o o] Ao upet A glnh £ EAA ZE 4hydroxy-
L-proline< 0, 2,4, 8 ug/mlz 3}o] AHFAS A

collagen (ng/ml)= 100/11xHyp (ng/ml)

SRz
ATA3 dojA 28 S SPSS Version 140 £4 T8
& A3t SF9TLE 27k 7] F A A (mean, SD)a
stk A ke Aolg Folr 7 §3) °‘%t5.%k-ﬁr@(one-
way ANOVA)E o 83to] E4ela, AAFASL T
A

.
A3t folrEe a<0.05 #42? As H‘;E‘r
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A E F3E = 5 U 2 AR da
P TEANA AR AFol S78te BY
d2dA F A FEEE FAT L2
SHAMT 3 Hlwdtgl s o £ A5 S7HES vehfol 2
FEEo A% Hade A 4% AA G Ao Y

B A
i ogg
W r°

o
e

2 (weight

A

N
aq
5

olI,

H
o ok
8~

rio

°
o
N
> T ok

Of

r2 ofN o off off rir rL mx
(o]

-
=2
>

AAes

e

HolZge FAoA JHFE vho} Do RS HATE
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B} Qe ACE AZE % Ao wea HolEge Hg
2 UehE shte AR ST 5 92, Holage) £
7 He5% MREAEAL drkn B 4 9ok & AT

H
Holg 4o WAAA T OVX-CONTo] HlukAAA TS
SHAMHT} &=9ton, EC200:9] %9 OVX-CONZH T} v
A by F95< Apole gl

&84 = Alkaline phosphatase M

g F ALPE 24 F thokshAl £238ta gloH, A X
QoA AE W2 714 gubel #ofsta Yot 2IZAHE
ALPE A8kl 22 AEH] LX) A=, o] F
H7F gl Y2 {25 o Y2431 o} 719 Hadr] F
& ZEA T ot EAgdo] SAS W, AT AE e
ZHE 9 &/do] 9ol V= sho] ATl wE A

<l

o 2 me F1F

Z}olE Hol7|= 3Hth33]. 13y ALP+= #H 7 A] J2EZA
o] 2oz ekl & Ago] Frbelr] o H7d 5 oA
o FREFolAM Frkske e Boln, A7) o ddMe
Ao gdAde Holle] 973 A5 o golA 3o = B4
AREHA ] AHEHIL gl Table 32 e} FE&0] €3
ALPe] 249 nA & &< ekl Aolth dadA A
2EZA ZYOZ bone turnovero] F715 o] HldAA AT

Table 2. Body weight gain, food intake, growth rate and food efficiency ratio of rats supplemented extracts for 6 weeks

G n OvX
roup SHAM
Control EC 50 EC 200

Initial weight (g) 192.9+2.2% 1914455 189.611.7 192.748.9
Final weight (g) 272.8411.2 320.8+34.2 320.4+23.4 303.1+£25.7
Weight gain for 6 weeks (g) 79.9+12.7 129.4128.8 130.8427.3 110.5£38.4
Growth rate (g/day) 1.90+1.45 3.08+2.89 3.12+2.70 2.62+2.45
Food intake (g/day) 18.53+1.28 22.16+2.75 20.47+1.56 20.36+1.73
Food efficiency ratio (FER)S) 0.10+£0.18 0.13£0.22 0.15+£0.19 0.12+0.21

URefer the legend to Table. 1. ?Values are meantS.D. (n=7).

IFER; Body weight gain/food intake.
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Table 3. Effect of Ecklonia cava ethanol extracts on serum alka-
line phosphatase activities in ovariectomized rats

Group” ALP activities (U/1)

SHAM 272.85154.067
OVX-CON 842 .85+242.86
OVX-EC50 458.28+144.23"
OVX-EC200 431.00+110.08"

URefer the legend to Table 1.
*Values are meantS.D. (n=7).
Ip<0.05, Significantly different from OVX-CON group.

o M) B4 Fol ALPS) F40] FAHe, Ui BA
4 FEEE FoiF ToIA 1 B FoH0

Agol ettt ol Ui B4 ¥ o

4

2|39 osteocalcin W 9} Ao} Aot Eo]F o7
H) 24 t]-u_ll'zg % ShE bone gla protein

"‘@7"4 84 os’ceocalcmQ SHAM<9] ]3] o
A5 AA T OVX-CONo] =& A JehQu 7 =
FEY Folo os) Fadhe S YeEhf Ack(Table 4). &
H, A9 T #H73 F AAA Slol EF osteocalcin
S5 40%, deoxypyridinolinee 80%7} A Z7}et=H|, o]
1
s
i

it mlm
- Lo

A A & E57 T JA ) Hls) AthF oz B Z7}
AL duEy, Wk AHAQd F AL w3l o3

] Z0]E0] 2 %9 osteocalcing 7443+ AoF Bl
&9tk 8% osteocalcing FUALF #8 L G4 & oo =

Table 4. Biochemical values of serum indicators of the bone
metabolism of rats

Group” Osteocalcin (ng/ml) CTx” (ng/ml)

SHAM 2742043 3.57:0.29"
OVX-CON 4.2910.97 4.1420.29
OVX-EC50 4.1410.63 3.79+0.55
OVX-EC200 3.96:0.37 3.6410.29"

URefer the legend to Table 1.

IC-telopeptide of collagen cross-links.

Walues are meantSD. (n=7).

)]9< 0.05, Significantly different from OVX-CON group.

w

4

A EARZA 436 474 F 28 Ao
’Q‘fﬂ*}ﬂ B3 Ade & 34 TAAEA F-8-351]
Te A% e Ao® Jehy H7 & 8 osteocalcin®)
o dat %ol Al e ¢ 2lomz ur e
7t #7HA 0 oloiAo} & Aoz AzEr.

S g

rR ol ofN &k

ol

C-telopeptide of collagen cross-links (CTx)

dA CTx= & 48] #74 A] Type 1 collagene] £ &4
2l cathepsin Kol oJ) wj7j == shz A 2] thARTE o] TH2].
Garnero [8] 5& H7 & A4S o2 3 HeA AFE
ﬁ?f)ﬂ/ﬂ ez 2UEEs HY S E 84 CTxé =]

on, Pi[30] 5% #73 F It
=2 84 CTx 35 Halstd,
e SN2 F83 Axe}
oA o] v AT HE 22
CTx 42 Hol dagAe 9] # 317 3196¢
JEhi ATk 99 28 38 Folz ) CTx #o] 2
23900, EC2029] 39 SHAMS} 15:% 5202 e}
W THTable 4). o]= HAAA|Z 13| bone turnover’} F718
Ae A e 22E9 EoF bone turnover7} 7HA s
= F7 Ad 23E Bl Aew FHHE

ik

it

Zetx% 39| collagen &2

W= og] b EAZ A E EFAZA, FAR E o
o} 70%E 71 20|7 58%7} 8ol eAE AE 2 7]
A7 FAH ok WE AT JE AEREE ZFHAE
(osteoblast), I+ A| X (osteoclast), lining cell = ZHE
(osteocyte)7} 9100, AE 9] 7|2 98%7} A 18 Z&}A o]
™ U %] 2%7} osteocalcin, osteopontin, osteonectin 2! bone
sialoprotein ¥ & 1] ZbA wulog Ao 7]
AJSEE N2EZANE 75 AGF HfolHEE A=
dto] collagendd& F7A71H, o}&# collagene] tAte]
Fojsh= £33 4 matrix metalloproteinase-1 (MMP-1)¢] 1t
g 24359 collagend] &S A& H, J2ERZAC] 24
AW 24 ) v)A| B A ALo| BTl o8 2779
Ao 2 <lste] HAAAcE FAPAAHAe 2AHY =
IL-1, IL-6 2 TNF-09] Rako] F7bata o] 2 Q) 2FA X
2 sh3ALe 47h Sk 2% 2AYAS) B4 vw)
S7HITI3]. & 7oA e dadAR gt JiERA
o] 2% H%< 1 collagen YA H3}el] 9lo] e FEE o]
AMe P& F=A BESIHTable 5). A B i
= AAEA ke SHAMTZ Y] Hls) BAaS AA)3 OVX-CON

H:

[



Table 5. Effect of Edklonia cava ethanol extract on collagen content
in cartilage, bone, skin and lung of ovariectomized rats

Group” Cartilage Bone Skin Lung
(mg/g)  (mg/g)  (mg/g)  (mg/g)
SHAM 231.6:28.87 1543+104 402.8:72.07 22464191
OVX-CON 21774206 143.7+14.3 292.9+422 18.98+0.55
OVX-EC50 22881137 151.6+11.3 332.3:408  20.06+2.01
OVX-EC200 24331267 155.8:111.6 431.1:67.1° 22.3213.62

YRefer to comment in Table 1.
MWalues are means+SD.
< 0.05, Significantly different from OVX-CON group.
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