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Effects of Sea Tangle Extract on Formation of Collagen and Collagen Cross-link in Ovariectomized
Rats. Young-Ae Lee and Mihyang Kim*. Department of Food Science and Nutrition, Silla University, Busan
617-736, Korea - The purpose of this study was to investigate the effects of sea tangle (ST) extracts
on formation of collagen and collagen cross-link in ovariectomized rats. From day 3 until 42 after the
ovariectomy, Sprague-Dawley female rats were randomly assigned to the following groups: sham-op-
erated rats(Sham), ovariectomized control rats (OVX-control), ovariectomized rats supplemented with
ST at 50 mg/kg bw/day (OVX-ST50), 200 mg/kg bw/day (OVX-5T200). The ethanol extraxcr of ST
was orally administrated at 1 ml/day. The change of collagen content was investigated in bone, carti-
lage and skin of ovariectomized rats. Effects of ST extract on the amount of collagen was examined
by measuring the hydroxyproline, which is a specific amino acid existing in collagen. The ovariectomy
resulted in a decrease in the levels of collagen content in bone and cartilage tissues. However, the
supplementation with the sea tangle extract prevented the decrease in the collagen level in bone and
cartilage tissues. Pyridinoline is pyridinium cross-link formed in the mature form of collagen from ly-
sine and hydroxylysine residues. Although the pyridinoline content in bone collagen declined after
ovariectomy, it was recovered to a normal level of Sham group by the supplementation with the ST
extracts. In addition, the deoxypyridinoline content in bone collagen, which was reduced after ovar-
iectomy was enhanced to normal level by the supplementation with the ST extract. These results was
consistent with the conclusions based on estrogenic activities of ST.
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e 24uche 2, 9% 242, 9% 5 449 42 35
of 208 4 S 59

7;3_ hu H

™, 53] collagen 7}ul A2 7%@'5319] BEE frA38H]
o)3te] B 2 510H8,20,23,33,35]. T 5 A
gen% estrogenoﬂ 40}04 ARl 5

gen tﬂi}oﬂ #sﬁ}ﬂt B shat @O] “}‘ﬂr

oA el AANA AL g EFH0Z AFPHE dA

AA &L estrogen?] S ASFAIAA AYAQ] HAA S oF
718te 2 o] 2 QI3 FrhFF o] AgdllA FH A o] &
Hi on augFdA Yeivde 29 &4 FEA7)
€ A 2 = £48 A e a4 #e A7 o
A o]FojA L UTH13]. HAS HAF AF A A
9| £4o] fFtE G on o] estrogend] #a) I Al
T FAE 2AAT L o) tA] FxF AFE oA
2tk A TH29). Hde dAFoE AFsle AANE
oZRE AW A4 g Bd7] Zof AHEHT) de S
ZogE o] Basith A AF F9 4E4 phytoes-
trogen> A4 2R FALEEZA H 74 7] A A estrogen
A 484 & 5 de Aoz ¥eA AUr12].

£ dFdA e A9 A3 S oF7) AlA A2EZA EH
7} Xio}ﬂ‘ii u 3F 9] d7] Fofol vA= thAlvle o
&S AESA ST 845 gAnpt 22 g

o =]
= AN

A&7} ATk 9914 estrogen FHOE I FAEE
A

Az Mz

£ A AME-H ThAlvh(sea tangle, ST)= 2007'd F4t
FIA NAT A AHE A E FHEA A
TFhet B2 3~43] A2 Ao Yol HET ETES AA
Stal A, AN B GRS AH Ad A A £L
ste] AFREHAT HE A8 80% ethanol 2 15 7}3) 33
g FE(78°03td 7 FF72 55 & 54 AxS 4
BE FEES 09% A AdFE g3 & 5 47
A3 T

Yy =

43 5E 80 g (85)%= Sparague-daw-

2 5
m =
=

o] ( 7]1: /H\/l—/\])ilﬂ

B st £ ARANH DRARRERA)L A3
o, A% A4 15D 5 A4 F 52 AT He
sFee Y. 2 48 52 wadAl gEZOVK
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Table 1. Experimental design of animals

Group (No.) Treatment

Sham (7)

OVX-control (7) ovariectomized rats

sham-operated rats

ovariectomized rats supplemented with sea

OVX-STS0 () tangle ethanol extracts at 50 mg/kg bw/day

ovariectomized rats supplemented with sea

OVX-ST200 (7) tangle ethanol extracts at 200 mg/kg bw/day

&} (OVX-ST50) 2 200 mg/kgF &J+(OVX-ST200)2.2 1}
o] *‘ﬁé‘}aﬁ\:}(Table 1).
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ZA4%/39] A3%Q serum alkaline phosphatase /3
alkaline phosphatase reagent kit (FUJIFILM Co, Japan)&
AHE-Ete} g 25 £47)(FUJT DRI-CHEM 3500, Japan) 2
=589,

AP 4%=24 2, 98, IF<= 6 N HA 10 mle A7}
kel 110°Coll A 20412F 4F 7hetdl] § o3t w58k AR
Sdoz sHtt AFEE FY collagen®¥-E WoessnerH
o 9Jsted hydroxyproline ¥& 54 ¥ collogen ¢ &
23k SITH13]. Collagen®] ofvw]=4t 4]0 22 collagen
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Table 2. Instrumental conditions for pyridinoline analysis by

HPLC
Item Conditions
Apparatus Shimadzu LC
Detector Fluorescence HPLC RF
Column Inertsil ODS-25 pm (250x4.6 mm id)

Fluent Acetonitrile/0.1 M sodium
phosphate buffer pH 3.5 (25:75)
containing SDS and Na, EDTA

Flow rate 0.5 ml/min

Excitation wavelength 295 nm

Emission wavelength 395 nm

%9 hydroxyproline ¥l &2 H¢ 110%7]/1000%H7] o] 2&
collagen®9] ik dnbzo E}% 2o Fet)

Collagen (ug)=9.09xhydroxyproline (ng)

A =24 9 pyridinoline 3% =74 Al A
S8 AE F F, JdF A/EE 0.2 um membrane filterZ &
g & HPLCS o]4-3}o] pyridinoline 8 £419] <3}
1, BXHZAE Table 29 2t}

< collagen

pacR=l

A Me|

A% A= SAS 82 RIS o] g3t HFA 9 BFE
HAZ #®ASF3, ANOVA test ¥ Duncan’s multiple
range test 3to] AE i Abo] o] Fo 7 2po]E p<0.05 FE
oM HSsA

20 % 1%

HE st

AE 7|7t @2 AT WHE BRU dAE AAT
OVX—Controli‘C’] YAE AAsA E& S mi‘_@\:} =5A
7} SVete AES Hol YAAAR AT AT S Aol

Sebsich, T3 Aol 4RGN ezl v v

2 A o] ©A YR Th(Table 3). welba] o] G0 3
oM frol e whgk WEls} A 3k} Estrogen AW
z79] A w2 gtolA (lipoprotein lipase)?] &< A d}
A7l 22% R4 2l 3kobA| (hormone sensitive lipase)
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X & Alkaline phosphatas

=9 e
2o AY4 H9¢ 54 B

TH Zraol o) 543 A Wate stste 9737 o
doll #=A Yehdth Alkaline phosphatase (ALP)= osteo-
calcin¥} 97 Zol Ax ] BAHEE wgste thEZH A
12 4HA AH5,26,38]. ALP= phosphomonoesterase %
phosphodiesterase®] 7% A0 &0tk 49| mucosadll A
3l e ol lou A%, 15EF=2] 4(gland), bone,
A oM H e FEE *Xﬂﬁ}‘:} Eer‘jJr7“] o2 3 4
X

g4 ol ?\‘] alkaline phosphatase/] G957 F7)
TH18]. Table 4= @4 HA 3F o] GAlv} FE2E5S

2 Foste] 4 Fo 5484 ¥sE Yed 2%
olt}, WAaAA| A | AEZA AFOZ bone turnover®] =
7}= o] OVX-control& WA E HA A && ShamTol

Table 3. Body weight gain, food intake and food efficiency ratio of rats supplement with sea tangle ethanol extracts for 6 weeks

Group” Initial body Final body Body weight Food intake Food efficienzcy
weight (g) weight (g) gain (g/day) (g/day) ratio (FER)”
Sham 196.9+3.5” 238.8+2.8"° 1.77+3.55"° 17.10+0.21" 0.10+0.21"
OVX-Control 197.6+10.7 282.5+4.0 3.16+3.81 20.81+0.19" 0.15+0.19
OVX-ST50 196.2+9.5 287.4+6.2 3.40+4.29 21.03+0.20° 0.16+0.21
OVX-5T200 197.1+5.8 288.5+1.9 3.41+3.90 22.11+0.18" 0.15+0.18

DRefer the legend to table 1.

)
JFER: body weight gain/food intake.
)
)

w

Values are meantS.D. (n=7).
4

NS: Not significant.

Values with different alphabets are significantly different by Duncan’s multiple range test.



Table 4. Effect of sea tangle ethanol extracts on serum alkaline
phosphatase activities in ovariectomized rats

Group” ALP (U/ml)
Sham 460.33+68.157*)
OVX-control 734.33+161.74°
OVX-ST50 498.50+135.98°
OVX-ST200 47550+126.56°

URefer the legend to table 1.

Values are mean+S.D. (n=7).

Walues with different alphabets are significantly different by
Duncan’s multiple range test.

Hl3) ALP &A4o] S7stRA oy, da Al F gr
B F o] F(OVX-ST50, OVX-ST200) 1 & 74 sk
UERRAT o] AL v A F o 2EZA] £u)7} 7
Hed ghef Al 325 Fo7 JRERA A A
Foan di AT 98 T &4 ARE A F A
o2 FEHoh

i

!

E.* ZA| Z9| collagen &2
Ao i A T A FEE FATY collagen T
5}5 Table 59 YISt B dA i da
AetA] BE Sham ol Blshe] Z2 3} v F oA EF
ollagen }egol %}ié}%{‘ﬂr. b, Eﬂr/\ A F gAet F
3} 5 ZA oA collagen
B, 2 oA gAvt 28
200 mg/kg bw/da 04 (OVX-ST200)°l 4] collagen &3
°of FoHeoE F }0}93‘4(}%0 05).

A=9 73‘?‘, GAE HASA ¥& Shami ol
OVX-control & FAZA o] 93] collagen o] 7
ou, da A F oAt FEES FAFOEA
collagen &0 Shamt FFO & 3| &= FFS
53] OVX-ST2002 94 0.2 Z7}38} % th(p<0.05).
Hollq gt dAE AAG F At FE2ES Fo
B OVX-control#o] HIE| Aoz ZF7}3t4 collagen
AR FAse 23E Ueldlth 57249 3§ da
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&
=
=

i) rE
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3
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=

ﬁ
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¥ M

ol ﬂlH

Table 5. Effect of sea tangle ethanol extract on collagen content
in cartilage, bone and skin of ovariectomized rats

Glroupl> Cartilage (mg/g) Bone (mg/g) Skin (mg/g)
SHAM 141.62422.307  165.61+24.85°  255.33+51.91
OVX-CON  137.65+16.38°  144.74+1838" 219.23+59.31°
OVX-ST50  145.30+13.62°  175.03+18.71°  227.20+49.00™
OVX-ST200 162.09+23.11°  178.76+19.74°  256.75+61.24™

URefer to comment table 1.

IValues are mean+SD.

IWalues with different alphabets are significantly different by
Duncan’s multiple range test.
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AA & A FE2E 9F) collagen TS F7HsIA L
Y OVX-control#ol i3t FJA-& OVX-200- o A 9t e}
ok A A4S 33 A E(osteoclast) -4??_ =
o} 0] wE ZZAH X (osteoblast)ol] &3 2 F7]1F
A A o] FAlo] vEAH o Z dojdt) HAH T o AE
Ay Fael s s=AE o3t = F7t HA Ao Hl
o - Wold 1~5%°] wWe T &ds It In
[28]. o149 Al M FAEAZ AT F UjALY] ARE o]

Ehi
i cg

LA IR R —r-foi 17}0}951‘4 o8 g W3l estrogen -
07 A T &4 vt FEE0] HAYF A5 7HA

Collagen2| M= 7twQl pyridinoline &H2¢

Collagen §49] o] @7 5 wpAI2 @A o] FolA=
WAAFL collagen®] AFF2 ] FEE FA517] 93l
g BHgoz &A d} Collagen?] obv]=it 24
glycineo] A ofw]=4te] 1/3, hydroxyproline©] 1/10, hy-
droxylysine®] 2F 1/100 #}#|3}a ATt Hydroxylysine<
collagent] &] Th2 ofw]i=ibel B3] Ao 2 HOu} colla-
gen51re] ofm:=Aito g EAsta 9lom, lysine ¥ hy-
droxylysine ZHrEZ5E FAE pyridinoline deoxy-

pyridinolineZ &7 collagen 7}1E ¥/d3= collagen®]

Herbne EA 9rH1,2,7,27,32].

Table 62 P25 A AF | A} FE2ES F3
o &, A= collagen F< pyridinoline ¥ deoxypyridino-
line 383 vehd Aotk 2 AF 9 pyridinoline 3
2 ¢4 s HAFA @& Shamo] d4E AAT OVX-

control ] M3 & AFE ey, b BA F b
i FEES B3 FoA di A A gFAHE pyri-
dinoline #3Fo] Z7khe ATS dehiddch 929 de-

oxypyridinoline &< dA% AASIA] %2 Shamto] ¢
25 AAT OVX-controloll B3 & HES YEd,
Wi AA & g 555 200 mg/kg bw/day Fo g

T(OVX-ST200)9| A Sham+* FFo2 F7stAth oA
deoxypylidinoline 3+&-2 FAE HA|8kA] 42 Sham o]
OVX-controlio] HIS|A freHoz =& s YEdi
(p<0.05), F2& AA &
(OVX-ST50 B! OVX-ST200)0014] 9] # o2 &2 ghs vEh]
0J(p<0.05), 4 HA| A o] FHAiEE deoxypyridinoline
S FEAA

2 439 AAe G2 s AT F v FE2ES F
ok o] =3 A=A pyridinoline o] FAE HA
814 9& Shamit#} M3 FA 2 355 o] thAlulrl da
A Al collagen 7tal Wglol] frolg A E F= HOE AL
¥, £ dgdre 24 U collagenz <] pyridionline?]

P
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Table 6. Effect of sea tangle ethanol extract on pyridinoline and deoxypyridinoline content in cartilage and bone of ovariectomized

rats

n Pyridinoline Deoxypyridinoline
Group - -

Cartilage (ug/g) Bone (ug/g) Cartilage (ug/g) Bone (ug/g)

SHAM 426+053"° 1.100.17" 0.36+0.12" 1.35+0.16™
OVX-control 4.18+0.97 0.96+0.08 0.33+0.18 1.20+0.28"
OVX-ST50 4.18+1.19 0.97+0.15 0.34+021 1.34+0.19°
OVX-ST200 4.24+0.88 1.05£0.09 0.37£0.13 1.33£0.14°

DRefer to comment in table 1.
2Values are means+SD.

FWalues with different alphabets are significantly different by Duncan’s multiple range test.

NS: Not significant.

AL =

4—‘—]_Cd Our 2]

2 urine?] pyridinoline ¥ &% gt

ge9 = &3 Hrke s g

Wasiad s,

e

o 2 A3 Astsky & A
A A (OVX-control)Z 13} F7
T gl 28 Fo(OVX-ST50, OVX-ST200)2
& ALP 24L& fFashks %S Bo 3 FFE A
T e 7hs A4S vehde. f&{ da A F colla-
gen FFo] Zastglou, gt FEE Folo s 3%
223 & - A 2H0A collagen FiFo] F7kete &S
B3, §3] OVX-ST20072 2 23 EF OVX-controldl

H3te] frojF oz F 7184 th(p<0.05). Collageniﬂ A< 7
WEARI pyridinoline ¥ 3 WA HA & &, AdF 274
FoAlA Ao TgAnE FEES Fod oA F7t
e Aes YEhSIT. =49 deoxypylidinoline &
L Y42 E HAA & Shamwo] OVX-control-dl H] 3
A froAog £E ghe UER(p<0.05), i A F o
Ak FE2ES FREE F93 F(OVXST5 ¢

OVX-ST200)0l1 4 o] o2 % ghe LEho(p<0.05),
da HA Al FAde] Z4AEE deoxypyridinoline A &
STINALE A 2EZ2A 74z A3 AFEF F collagen
g Astrt gavt FEE FoAd o8 S7tE 2 48 4
HE wFo] Kol tpAlu} 9| phytoestrogen©] | ~EZ A
TALEFHE UEhdS & 5 A0 o4 2ol HAFew
AE Fol s #2717 S8t A2ERAS 7170 58

o 93 F28-S thAjul F9 phytoestrogenol estrogen T
A A8E Yo2A T RAEE T F 02 A
o, o]&9 7 3 7|3l EHOH/HE dor A7t Y L&

10.

. Campos,
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