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Effects of Porphyra tenera Extracts on Formation of
Collagen Cross-link in Ovariectomized Rats

Hee-Sun Han, Song-Ja Bae and Mihyang Kim"

Dept. of Food Science and Nutrition, Silla University, and Marine Biotechnology Center for
Bio-Functional Material Industries, Busan 617-736, Korea

Abstract

The purpose of this study was to investigate the effects of Porphyra tenera (PT) extracts on formation of
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-operated rats (Sham), ovariectomized control
rats (OVX-control), ovariectomized rats supplemented with PT at 50 mg/kg bw/day (OVX-PT50), 200 mg/kg
bw/day (OVX-PT200). The PT ethanol extracts were orally administrated 1 mL per day. Body weight gain,
food intake and food efficiency ratio were significantly different among the groups. The change of collagen
content was studied in lung, bone, cartilage and skin of ovariectomized rats. The effects of PT extracts on
the amount of collagen were examined by measuring the hydroxyproline, which is a specific amino acid
existing in collagen. Pyridinoline is pyridinium cross-link formed in the mature form of collagen from lysine
and hydroxylysine residues. Pyridinoline content was analyzed by HPLC. Pyridinoline content in bone collagen
was decreased by ovariectomy but supplementation with the PT extracts was similarly increased to Sham.
These results suggest that the PT supplementation could decrease bone loss in postmenopausal women.
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s)t}. Pyridinoline® deoxypyridinoline2 343 4] Zof 2
ZFA g A Ao felse] midey ]Ex_ Iz
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T B 9|9 Mg A se] FAE

E]?"J 3 6‘94 ALP #7442 Kind-King(24)2] 7H s ]
#3519 Al 85 248 £ UV visible spectroscopy & o] 43}
o 500 nmellA FF=E FA 3t

HES AgzA A, F, Cii:a"‘, 7] 5= 6 N HCI 10 mL-&-
A 7Vsle] 110°Cell A 204] ¢ FEsl 3 o7 FE3)ed
A8 Ao sy 73?{}}_1—‘, Z9] collagen %2 Woes-
snerf o] &1&tod hydroxyproline %-& &3 3+ % collogen
oFo 2 #Atslod thH25). Collagen®] o}vl x4l FA] o & Hog]
collagen %2] hydroxyproline ¥} &2 3 110%7]/1000%F
7} o) B2 collagen %F2] $H4H-S dubA © 2t} Alej| 23t}

Collagen (ng) = 9.09 X hydroxyproline (ig)

A 27 Z9] pyridinoline g2 collagen &7 A] A&
A8 F F, dF A5E 0.2 um membrane filter 2 o] 3}

HPLCE o]-8-38}o] pyridinoline &8 ¥4 ¢l ¢l &}l 7
42718 Table 13 ztr},

13 A= SAS 82 22 o] 83le] Fwxel X
2 ZFA3 3, ANOVA test ¥ Duncan’s multiple
range testdte] AT Alolof {2 g 2ol & p<0.05 5
oA ZEsldet

Table 1. Instrumental conditions for pyridinoline analysis

by HPLC
Item Conditions

Apparatus Shimadzu LC

Detector Fluorescence HPLC RF

Column Inertsil ODS-25 um (250 X 4.6 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

Znl ol p&t

HEESES ME 371, Aol B8

Table 2= A7 7 B AEEF9] AF =718 Y A
o] && viehd Zlo|r} WA A A off €] 3k estrogen ¥0]7
S7F AT F7HE 7P i8] oot shR A R26-28),
Ao s G AAZ OVX-controle] W45 A A8} x|
or&. Shamell Bl3l A Fo] &7}l duld o g Y4
A & 913 estrogen £-8] -5 Aulz 2 o] 2wl 2] 5}o}
Allipoprotein lipase)e] &A1& AsA)7|z 28 3A
2] 7}o} Al (hormone sensitive lipase) 448 Z7FA1A A =
&2 oA gl dex 9loh29,30). OVX-control®|
Sham-oll H]3] fFjd g AFo] E7lstdn, 3 F5E
& 548 ZE FolX = Shamol vl&] A Fo] F2lHo
2 2718k thp<0.05). ol A& A s 2R BFo g g
iﬂ‘ﬁ Az o] Zrtoln, it Az AiE AFEE

22 AAT F ol 71¥e 23 9] dRel, AgaA o
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Alo] A1 3 o] Eﬂra]—x-] x«llvé—o] Z7}5F Ao A}
TA3HA Fh=

A E 2| alkaline phosphatase (ALP) 24

AlLP(alkaline phosphatase)+ phosphomonoesterase, pho-
sphodiesterase, phosphoric anhydrase 522 53 4 9}
£l phosphomonoesterase2] 73-$ Al o] 2| Ao} #b2] Z 1}
o]] thzo]-{s] o o):o] glon} /ﬂzc}’ —IE_EE‘,] /H gland ult]
AR oz AL g2 EAF et wEhkA] o]
2 Al FA) o4 o]Aako] 7]} osteocarcomad]

745 A el M ALP A4 o] F7tsbA "rH(31,32). 4RbY
02 579 ALP &4 5= 16~48 U/Loleba oedx] gle

t(33,34), & AT ZE FollA 16~48 U/L2] A4
$oll £33 F5F Foiol o AL vhehbA ¢

Zdgt== 2| collagen &2k
2 MA H S E3} A &AL 2 F(resorption)

Table 2. The body weight gain, food intake and food efficiency ratio on supplementation of Porphyra tenera ethanol extracts

diets for 6 weeks

Group” (N) Final body weight (g) Body Weight gain (g/day) Food intake (g/day) Food efficiency ratio (FER)”
Sham (6) 243.17 + 15528 3.13£2.34° 1356+1.25° 0.216%0.13°
OVX-control (7) 305.67+20.78° 5.26+3.84" 15.61+1.47"° 0.364£0.24
OVX-PT50 (6) 310.50+8.38" 5.97%3.56" 1659+ 1.50° 0.345%0.18°
OVX-PT200 (6) 306.00% 16.29° 585%3.78" 16.08+1.69™ 0.365+0.17°

YSham: Sham-operated rats, OVX-control: ovariectomized rats, OVX-PT50: ovariectomized rats supplemented Porphyra tenera
at 50 mg/kg bw/day, OVX-PT200: ovariectomized rats supplemented Porphyra tenera at 200 mg/kg bw/day.

“FER: Weight gain (g/day)/food intake (g/day).
¥Values are means*SD.

“Means with different alphabets are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 3. Effect of Porphyra tenera ethanol extracts on serum A 2 9ldte] OVX-controli-< WAa§ A A stA] 942 Sham
alkaline phols)phatase activities in ovariectomized rats ol vlisl S H o 7Fadts AeEE W I(p<0.07),
— —— a A F A4S SR A% 7 Pl Sk A%
Sham 36.51 +0.392N5Y j § :
OVX-control 37.22%+1.03 Bylovt fod2 gladet g 23 oA collagen e
OVX-PT50 35.26+1.94 GaE A A 92 Shamt, W4E A A OVX-con-
OVX-PT200 3631+ 1.17 trolE, 7 5% FoIF 2] Aol ol A wgkeh A
“%/Ziug;eaﬁg?;fagi 2 sagle g Was AAs Fo s3Hturnover)o] 7H4E ] T W
¥NS: not significant. 7} A3 A 48, W F(cancellous bone)d] £40] =
5 &) o) estrogen?] a7t HF A E Q] BA S &4

4 A 3 A (reformation)®] 4 -& wHa-sle] d&44)S -} A7) ol = ohA] F 232 9] AA L A 7] £l e
w, oj#] 712 £ 223 cytokineS A E(osteoclast) 9t 2 odeA Qoh38-40). A w4 AA] F- estrogend] ¢
F XA E(osteoblast)?] 7154 FAo] A JFs 7] v F SA Ao ZAH Aem dHA sl Jeo
A Fo &4 9 AA #3EA ol 7)odskm gk o)} rome £(41)-& FA4g AAT Y%l estrogens Fo{ g
wedd o EA QA Al FrhFZ(osteoporosis)S F9| F At 22 Ao FrhE vtz sh9d 2w, Oursler 5-(42)
ol F¥EE RE F2HA §8E 5 9l o} oAl 4] o F Ao Bodsls FolAlE H FF A E7} estrogenell
#H 7o) o8k ¥ estrogend] 7+47F 71 dukAl el Yal o it 82 A FY 2] 9l estrogenst LA
2 98 Y35, g B2 & Aok Aok F &390 oA+ estrogen
Estrogen®] §-%-2& Tdo] g7 dold 4 9l =Ao] Folzt anp el Ao dex 9lon, 1 o] 99 collagen
o], o] A% estrogen Fol= Zo T4 AE B Zel xR ¥od 3l ascorbic acid, @ ~ketoglutaric

2, o Sl ek,

A 2 AR AR kS 7HA FH =
E A S E5to] A AR Qg estrogen7tb_7]- col-

& Adelba B wE 3 9 th36). Collagens 14 2+ A 8e
Aol BEsE 203 chula 2] Zo] u]is|a BB lagen g% 242 E 2Hsldod 2 3558 FAF
72 type [ collagen & % o] Fo1 4 IT(3D), 3 ¥ A o) EA A= Wt S5 AL el

=
= =] - A N =] 18 5
E29) collagen-g estrogenel] 2]ste] A aFo] Zr1ghcln olelat W3k collagendtek €A ol 7 2&8o] §3 &

=}
obeld 9lomi(13), 24 W collagen?] 4 AFzae  HE PR AR Helv, el Aol Frslel 2= phy-
wEpel B A A, oz z wWaele] Yele] Flekm ghoh(15) toestrogen, Z<4, vitamin, polyphenol So] 3o g =}

. 8sde Aew xad™r

Table 4= W4 AA G 3o 71 258 Boisle] 2
A 229 collagen FeFg vebll Aojot A9 79 i Collagen®| M= 719l pyridinoline &t
& AA3x ?&3 Shamtell ¥]sf F4E AT OVX- Collagen §43 9] o2 A 5 wpA] = A of o] Fo]=] =
control< A A of -45}1 collagen §sFo] o} o} W AA L collagens] AFx2 8 FEE F2]317] 93}
G A 33 FE2EE FAFo2Y oA A= de da3k g2 e gt Collagend| o}v| it 242
v Z2rlsteE e i%"’]— ot RO PO Fob= s b B 5 glycinee] A A o}w] x4k} 1/3, hydroxyprolinee] 1/10,

2t Sham(189.16£30.55 mg/g)ol B8] W4 & AA3 hydroxylysinee] <¥ 1/100% #A}8}a ¢ ot Hydroxylysine
OVX-control(164.54+6.87 mg/g)T°] 7158 ]-{— 7S B 2 collagenW]&] ©}& o}v| 4l w3 <kHow Ao}

g}t das AAT & 718 200 mg/kg Fo93F F(OVX- collagen E-§-2] olu| =4k o 2 223} 2 9] 2™, collagen &
PT200)ell 4] OVX-controli-el] ®]3] frelde]xle gkovt Ao HE:dAd AR £A4 F 7tae] Ao Fagd 9
ti4 7 sl A Bodoh 23 2R A m g da A < 3} 9Juh43). Lysine ® hydroxylysine A2 248

Table 4. Effect of Porphyra tenera 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 154.64+17.997~5%) 189.1630.55™ 224224459 21.99+3.08"
OVX-control 145.21+19.55 164.5416.87 18532+ 16.89° 20.62+2.43
OVX-PT50 158.85+22.63 162.98+£24.06 203.43+23.06° 21.74£2.04
OVX-PT200 167.80+19.77 166.75+13.49 205.36£26.14° 21.44+7.10

“See the legend of Table 1.

Values are means*SD.

NS not significnt.

"Means with different alphabets are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 5. Effect of Porphyra tenera ethanol extracts on
pyridinoline content in cartilage and bone of ovariectomized
rats

Group" Cartilage (mg/g) Bone (mg/g)
Sham 0.073+0.018%* 0.019£0.003%
OVX-control 0.097 =0.006" 0.015+0.003°
OVX-PT50 0.071 £0.010° 0.017+0.004°
OVX-PT200 0.070£0.002° 0.024+0.003°

A“See the legend of Table 1.

"Values are means = SD.
FMeans with different alphabets are significantly different at
p<0.05 by Duncan’s multiple range test.

T

8 A % pyridinoline-& deoxypyridinoline®} &7 collagen 7}

3 A8l collagen®] %7tz oA ) h(43-47).

Table 5= 4§ AAT AFH 2 —’T"*%%% Fofste
=, AFY collagen £2] pyridinoline &8-S vtehdl 7o)
o} Foll A pylidinoline® %2 F4 5 A 8}A] 942 Sham
(0.019£0.003 mg/g)°] OVX-control(0.015+0.003 mg/g)
ol vlal A FoH o FL ghE el (p<0.05), i
A F 2 2852 FEHE 493 FOVX-PT50 2
OVX-PT200) 4 0.017£0.004 mg/g, 0.02420.003 mg/g
© 2 OVX-controlell B3] fro]d o g ¥ ke el
(p<0.05), W4 A A A 44 == pyridinoline A3 A -8 3] &
Al Zet. AFo 49 pyridinoline A S Bwl FolA]g
pyridinoline %3} o} 2 pattern2. 2 A&

=2
2

gk OVX-control(0.097 +£0.006 mg/g)ell v]s]
veh G rhp<0.05). F4 BA) e
(OVX-PT50, OVX-PT200)9] pyridinoline &2
0.010 mg/g = 0.070+0.002 mg/g 22 Sham3%
74 3-8 vpelg o] (p<0.05) OVX-controlel ®] &) -
7+asksdc).

Collagen A %-& 718 $71& 2|93}, collagen 713
= A% A dEIA Fohshe Aol ofE AA o
Wilsles g &4 Aldle £E2 collagenel| chefFo g

23 A 2k AEHE shiff 97]8 Q) w1l
7h, A5t A Srbske ASER, 28 kshet g4
collagen 7}3. A& AF

5 gagk 7y et 7kl A
2] o2 WG 2o} Zrleldd, Mz} 3 Fol ok
ol A g2 olFe] ALstA] A Hu, 2= 93l
A Z 2] Fipol A 2] A Ao =3 E JoFE Ao
2 el 9lvh48). B Aol A= F3 o F 2 pyridinoline
AA kel A 2wt = A2 Jephydi=d], collagen?) A
%7kaLe] pyridinoline& A @229 Z=& FA317] s

)‘“/HE]‘\—L_? 7)i(48)°i .‘_1:_7]' %‘A]E‘J“\—:‘ Z(49) ] ‘1‘4 u _%
£ Fld s # €49 SR, A 2
3259 Felrt A2 B §AGOE 98] AmAYE ©

87 sk Az 45}4 AL g 5 oAt} upeby
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< 7= A Abe €t

= Age 734% s AAL F AL FAR Lol T
odZofl 412l pyridinoline §ege] WA FASA &
T3} v g A 2 3] 85 o] Zo] A A A collagen 7HaL
wiztol frolgh AxbE Fi= 02 AlRAE, B A=
24 Y collagenF$} pyridionline®} 44 =8 &A st}
Hztet F 23 J7FE Y4 ¢S E urine? pyridinoline
e 53 w3 Wstaat g

= 2%
FAHE 7 a givh 2 ng B Ao Ao das
A st A9 A AAE Frdt] T A S AT
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