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Effect of Porphyran Isolated from Laver, Porphyra yezoensis,
on Lipid Metabolism in Hyperlipidemic and Hypercholesterolemic Rats

Kyoo-Jin Jung, Bok-Mi Jung'* and Sun-Bong Kim’
Department of Marine Food Industry, Provincial College of Namdo

'Department of Food Science and Nutrition, Yosu National University
*Department of Food Science and Technology, Pukyong National University

This study investigated the effects of lipid metabolism on male Sprague Dawley rats given porphyran diet
extracted from Porphyra yezoensis for 4 weeks. We divided into 5 diet groups which were normal diet, control
diet fed high fat, cholesterol and sodium cholate, control and 1% porphyran diet (1% PD), control and 5% por-
phyran diet (5% PD), control and 10% of porphyran diet (10% PD). Feed intake and weight gain were not sig-
nificantly different between control and porphyran diet. Serum triglyceride, total cholesterol and LDL-cholesterol
contents were significantly (p<0.05) lower in porphyran diet groups than control group. However, serum HDL-
cholesterol contents increased by the addition of porphyran in experimental diet. Hepatic triglyceride and total
cholesterol concentrations were proportionally decreased by the addition of porphyran in control diet compared
to control diet. A number of lipid particles were shown in liver tissue of control group and the same appearance
was shown in the group fed with 1% porphyran diet, whereas lipid particles was reduced in the group fed with
5% and 10% porphyran diet compared to control group. Especially, liver tissue of 10% porphyran diet group
was shown similar appearance to normal diet group. These results indicated that supplementation of porphyran
in hyperlipidemic rats has an effect on the improvement of serum lipids.
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Dried and pulverized Porphyra

~ extracted with 0.IN HCI
(60T, 2 hrs)

- filtered through gauze and filter paper

Filtrate

- concentrated
- neutralized(6N-NaOH)
pH 7.0

Residue

Vacuum filtrate
- concentrated

(6257, 3 hrs)

- in activated(100C, 10min)

Filtrate

Precipitate

- lyophilized
Porphyran

- precipitated with 2% Flavourzyme

- neutralized(6N-NaOH) pH 7.0
- precipitated with ethanol (3 vol.)
- centrifuged(4,000g force X 10min)

- dissolved in distilled water

- dialyzed against distilled water

precipitated with ethanol (3 vol.)

- Centrifuged
(4,000g force X 15min)

Precipitate Supernatant
- washed with ethanol

- air-dried at 30C for 12 hrs

Crud ran

Fig. 1. Flow sheet for the preparation of crude porphyran and isolation porphyran from Porphyra yezoensis.
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AZF BN & 54 A%F 08 243819 porphyrang At



719] porphyran} A W) AE 635

S8 48

oA Fo] 40~50 g8l Sprague DawleyAl 35FHE ¢ &
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Z7 porphyrans 2+z; 1%, 5% 2 10%2] Hl&Z AfEO)
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skt A3, Aldwt E AIST-S porphyran FO|F 224 T
Table 1. Experimental design for animal experiment
Dietary Group Dietary food Number of animal
Normal Corn oil 15% 9
Control Lard 15%+Cholesterol 1%+Sodium cholate 0.25% 9
1% PD Control + Porphyran 1% 9
5% PD Control + Porphyran 5% 9
10% PD Control + Porphyran 10% 9
Table 2. Composition of experimental diet (g/100g)
Ingredients Normal Control 1% PD 5% PD 10% PD
Corn starch 25 2375 22.75 18.75 13.75
Sucrose 30 30 30 30 30
Casein 20 20 20 20 20
Comm oil 15 - - - -
Lard - 15 15 15 15
Cellulose 5.0 5.0 50 5.0 5.0
Mineral mixture 35 35 35 35 35
Vitamin mixture 1.0 1.0 1.0 1.0 1.0
Methionine 03 03 0.3 03 0.3
Choline bitartrate 02 02 0.2 02 02
Cholesterol - 1.0 1.0 1.0 1.0
Sodium cholate - 0.25 0.25 025 025
Porphyran - - 1.0 50 10.0

USame as Table 1

BCellulose: Sigma Co., LTD. USA
YAIN Mineral mixture

YAIN Vitamin mixture
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day)= T} DIRF(18.07+ 1.64 g/day)e] 7} o} F #7F
9] f¢] <l xole UL, porphyran 1%, 5% 2 10% =
o)+ ZHzt 18.74+1.24 g/day, 19.00+1.40 g/day 2 19.04+
1.14 g/day2 VERT Bt Hgte] fod F71E el
Ko dzia= zpol7k §lich

S AF F7FFE Aol HE) EE3 porphyrand
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ZAAA, & 2Y2EE L LDL-ZHHETZTS Y
R = JES F93 dERAM fddez =4 Y
Ebst 2(p<0.05), tHZ<23} porphyran Fol&& HI X3RS
w), t)Z2ol B3] porphyran 1%, 5% 2 10%2 71 &
Fo)] S wEt foF o= vobxrh. &3 LDL-Ed &
HE e AT Brh tl=F 2 porphyran Folw-ollA
E=A Jeldo), porphyran Fol#°] F71d45 LDL-Z4
2HELS HA fojFos ashe AFS JWERAIT. HDL-
2 EL x| B8] porphyran 1%, 5% L 10% F
o] ol A Z+zt 1949+ 1.34 mg/dL, 21.96+129 mg/dlL %
25.40+2.35 mg/dLZ A2} 71819, 53] 10% porphyran
Folito] hE7EF} thE porphyran Folzol vld] #2lk &
7+2 vehliglt. LDL-Z292H &L vz v|sted por-
phyran 1%, 5% 2 10% F°lZA 27 10.1%, 20.0%,
33.6%< oA ZAE Yehldoh 97 SHA 5 (Athero-
sclerogenic Index)= A< 1.15, & 4.94, porphyran
1%=- 4.38, porphyran 5%< 3.33 % porphyran 10%= 2.51
2 Aol 7P WA vERgeH, IAEE il iz
A 1 =A veElsdit 28y dlZ2el H3 porphyran
A7krEe] 371d 8 $UAS T Fos ZaEHe
A eIt

FF] 178 F XA B ¥ ZULHE FF2 Table

Table 3. Feed intake, weight gain and feed efficiency ratio of rats fed the experimental diets

Group” Feed intake (g/day) Weight gain (g/day) Feed efficiency ratio
Normal 17.14 £1.28%% 6.19+0.82NS¥ 0.36
Control 18.07 £ 1.64® 6.511£0.82 0.36
1% PD 18.74£1.24* 6.88+0.72 0.36
5% PD 19.00+1.40° 6.55+0.92 0.34
10% PD 19.0411.14* 6.76 £0.69 0.35

USame as Table 1
YMeantS.D. (n=9)

»Means in the same column not sharing the same superscript letters are significantly different (p<0.05)

“N.S.: Not significant at p<0.05

Table 4. Contents of triglyceride, total cholesterol, HDL-cholesterol, LDL-cholesterol and atherosclerogenic index in serum of rats

fed the experimental diets

Group” Triglyceride Total cholesterol HDL-cholesterol LDL-cholesterol AP
(mg/dL) (mg/dL) (mg/dL) (mg/dL)

Normal 50.50£35.01> 62.41+5.26° 29.35+4.46 33.06£1.23° 1.15+0.16°

Control 131.61 £15.16 113.68£9.43" 19.18+0.63° 94.70+9.33 4.94+045°

1% PD 119.91 £6.90° 104.64+7.98" 19.49+1.34° 85.15+£7.71° 4381046

5% PD 98.91 +7.90° 94.79+3.36° 21.96+1.29° 72.83+2.31° 3.331+0.14°

10% PD 84.75£5.66° 88.28 £2.42¢ 25.40+2.35 62.88 +3.07¢ 2.51+£037¢

YSame as Table 1.
?Mean+ S.D. (n=9)

“Means in the same column not sharing the same superscript letters are significantly different (p<0.05).
YAl(Atherosclerogenic Index) : (Total cholesterol-HDL-cholesterol /HDL-cholesterol.
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Table S. Contents of triglyceride and total cholesterol in liver of rats fed the experimental diets

Group” Triglyceride (mg/g) Total cholesterol (mg/g)
Normal 4.77+0.66% 1.83+0.53¢
Control 12.78 £ 1.86* 3.55+£0.67°
1% PD 10.55+£0.79° 3.15+£0.55®
5% PD 9.36+0.87° 2.72+0.40™
10% PD 746+£121° 2.30+0.27¢

DSame as Table 1.
IMean=S.D. (n=9)

“Means in the same column not sharing the same superscript letters are significantly different (p<0.05).

591 HERSITE A S4AAE FFL 4.77+0.66 mg/g,
% ZFE2HE FFS 1.8310.53 mg/gold o, thxste &
AAA L 1278£1.86 mg/g, ¥ FHHEL 3.5510.67 mglg
o2 AAwel vE IAYFTE FEAR dERA F9
Aoz F& #AE Yt 22y porphyran Fo]
oA porphyran F7keseo] SU1ERE 7 2 SA4AA 4
T FUSHE o] HAR A on, 53] porphyran
10% Fol=9] 71+ 5 TAAA T 7462121 mggl 2
2ol vs) 41.6%3 % 722895, & Fu2HE e

£ 2304027 mg/glE 352%7F 72EAT olv A ER
& {4238 AHA porphyran Fol7t AT e £ v
2o}, 2ol visie fos B2 XE Ry
Atk AZHE o]&g AAHA] AFellA Kim &

ol IANEZF FHNA E =FH 50% &4 AF 100g
1Y 10mlY 4577 FAAT £, @Y T £ SY2EHE
s} LDL-ZH & ESHE F HFY FozolA @A ve
ot HDL-Z¥&EHEL 34 VeSS BIEied)
ol ¥ A7 Aet s

t

Fig. 1. Microscopic photographs of liver tissue of the rat fed with experimental diets (hematoxylin & eosin stain X200 or x400).
A(normal); Normal diets for 4 weeks (x200), B(control); Fed high fat diets for 4 weeks (x200), C(1% PD); Fed B 1% of porphyran diets for
4 weeks (x200), D(5% PD); Fed B 5% of porphyran diets for 4 weeks (x200), E(10% PD); Fed B 10% of porphyran diets for 4 weeks

(x200), F(control); Fed high fat diets for 4 weeks (x400)
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FF7E Folte obFFd W3yt glslou, HEZE Fol
=2 A% Az A WAdo] dF AT dohvt U
o, 8¢ Foe A% A=Y AW WA ATk I
t}. Triton WR-13399] 9§ 7. S 2HES & A, 4 3
ZEL A AxF SYIHES HRSH AWEFHLS 7
2A7e 3 IFHHES 38 veidtr B3y
o, ol AR E o FEA AWFY Az
kel

2 I FY&EHE 83 #2A ARF F AHM FE2E

porphyrane & AFH2HEEF TAIH} e A=
AR ¥

3 3 M| X[t =Y

Z3pxbe] ®ol 3 FEA AW} Porphyrans ¥
Hol B8 T &3 2 70 e At 24L& 43
A= Table 6, 734 2t

ol gk TRt el A4S 22N
Z}zb 337% 2 413% WYEA IXEF F279 URE
ANr L £XE RYoH, porphyran 1%, 5% % 10% JF
olellA Fo| FEol Fordl wet 242 39.9%, 37.8% %
34.1%2 Azl 74HATE monoeness 27.0~29.6% B
o2 7+ F7+e] Fole HE IAA ¥UTh Polyenes®] T
& HE 317~369% HY2ZA AAEH tixLIMe AE
HA] @okd 3% B2} AL Cys, Cyse Crus Cps 7H
porphyran FolZolA EFEAct. 53] BH F 04~05% 3
%= g#5o] J& Eicosapentaenoic acid(EPA; C, ) @-37]
Aehto 2 Zox Bol FEo] e EXS Aoz
A, EAesds o] a9 Aew dHA Uk T
Fol gt AW 24 F ZsREY] FHlE 33.1%~
405% HLZ 7+ AP Aole ZA B%S, porphyran
7o) F£F0) e 5% R 10% Fold B vt
X2 Ha @& $£A& YERSITE. Monoenes 26.3~28.7%
FEoZ 7t F7+] Foly AR EUTE polyenes®] Y
£ 31.6~383%2A IAEF Fdaed dzA 7P ¥
S, porphyran 1%, 5% 2 10%ZNAX <= ZH7 34.1%,
34.8% % 383%= A F7FsHe AL Rtk AWt =
A9 BaF Cy Cip Gy Gy, €y BXAAM EH # 218

Table 6. Fatty acid composition in serum of rats fed the experimental diets (area %)
Fatty acid Normal Control 1% PD 5% PD 10% PD
16:0 224 25.6 25.1 24.5 224
18:0 113 157 14.8 132 109
22:0 trace trace trace . 0.1 0.1
Saturates 337 413 399 - 37.8 334
16:1n-7 6.2 59 6.4 6.5 7.1
16:1n-5 04 0.6 0.9 1.1 1.2
18:1n-9 219 20.3 18.9 19.0 194
18:1n-7 04 0.1 0.3 04 04
20:1n-9 0.7 0.1 0.6 0.7 0.7
22:1n-9 trace trace 0.1 0.1 0.2
Monoenes 29.6 27.0 27.2 278 29.0
18:2n-6 18.0 17.2 16.1 16.9 17.6
20:2n-6 trace 0.2 0.5 0.6 0.6
20:3n-6 0.1 0.1 0.8 0.8 1.0
20:4n-6 18.6 14.2 13.9 14.2 14.8
20:5n-3 trace trace 04 04 0.5
21:5n-3 trace trace 0.1 0.1 0.2
22:4n-6 trace trace 04 0.5 0.9
22:5n-6 trace trace 0.7 0.9 13
Polyenes 36.7 317 329 344 36.9
P/S ratio? 1.09 0.77 0.82 091 1.10

YPolyunsaturated fatty acid/Saturated fatty acid
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Table 7. Fatty acid composition in liver of rats fed the experimental diets (area %)
Fatty acid Normal Control 1% PD 5% PD 10% PD
16:0 21.8 259 25.4 23.9 214
18:0 12.5 14.6 14.1 13.8 11.6
22:0 trace trace 0.1 0.1 0.1
Saturates 343 405 39.6 378 33.1
16:1n-7 3.1 39 3.6 3.8 4.1
16:1n-5 0.1 1.2 1.4 1.5 1.7
18:1n-9 20.5 18.6 16.4 16.9 17.2
18:1n-7 47 37 3.8 39 4.1
20:10-9 03 05 09 12 1.3
22:1n-9 trace trace 0.2 0.2 0.3
Monoenes 28.7 279 26.3 27.5 28.7
18:2n-6 16.1 15.5 14.6 14.7 15.3
20:20-6 0.6 0.1 02 0.3 0.3
20:3n-6 09 0.9 1.1 0.8 2.1
20:4n-6 194 15.1 15.1 14.9 15.3
20:5n-3 trace trace 14 1.0 1.3
21:5n-3 trace trace 0.1 0.3 03
22:4n-6 trace trace 0.6 1.5 1.6
22:5n-6 trace trace 1.0 1.3 2.1
Polyenes 37.0 31.6 34.1 34.8 383
P/S ratio? 1.08 0.78 0.86 092 1.16
YPolyunsaturated fatty acid/Saturated fatty acid
BF ¢, AW Hlgo] bt BROM, Cp €, 0% B HAW, $FU2UE, LDLI2AETRS FlH02 7
A BRI, C, B C, AWNE ATH AR2AME 49 DN, HDL-ENSHSYIE Skt 2 24 R
AEHA &skert, porphyran Hol2olA vFe R A& w7 shEQl i Adh gl HlﬁH 2T FES A

Rom, dAHET oM thh B dol AEHUTY o3
2 o-6Age Aike 43 ) F FH2HE, LDL-
ZY2HE FFS Holmy + dom, HDL-EFH&HE ¢
S Y F denz B AsEs vEI AW o
of 714& 7} Ut
Nestel2} Baﬂerm% o34 2=EX3} A4t
FAAAY] FE2FH Kool #AFOLEA, 067
ARG SR A Al Bok =24 FIF
B3k vb gler, Miller 5% 2E=EE3} Aol
HH Ho] Al uige) &3S 7}24_‘_@’ X ‘5-’] DNA,
RNA 2 izl gladel] wsls F3 3 myelination
Ade 2Py BISF[ Y, Titani 5 o34 I=E
E3} AR 7oA acetyl-CoA carboxylase®] 48 A
SIAIA AR RS AR CEA, SARAEY] S
AsAIZITAL Bk, ol B A¥ AT dAEsT

o oF
el =

ZJ(Porphyra yezoensis)2] A4 EA porphyrans £
g F%3 ¥, Sprague-DawleyAl FHo| 4577+ F3 T4
PN} 7he] AAFEe} 7k A ¥skE 43S 43
= 23 Zoh 839 FA4AZ, & Zd92HE ¥ LDL-
FH2HEL Gl sl izl T8, FFE X
HE % LDL-Z2d28EF3] A4 vehylth porphyran
1%, 5% 2 10% ololr Hrigke] Z/E4E dHZo

HE AL Al AAbse] QI1eH, porphyran 1% Ho)
ZAME FARE @4 JeERIch 22iu porphyran 5%
4 10% :L°]:'L°ﬂ*1" AR} A GAt AAEAES 83U
3 2= 9l9lom, E3] 10% porphyran HolZolM e A4
3} A 23S UER porphyran®] FolEo] EETE
7ve] Ak Fbe] ZAAES & 5 UMk ol AR E
g IAEES AR BFH] Aolo] o] FEHERL por-
phyran®] #7H= AAAY F37F dSE ¢ F AACh
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