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Inhibitory activities of edible brown alga Laminaria japonica on glucose-mediated protein

damage and rat lens aldose reductase

You Kyung Son

Department of Food and Life science, The Graduate School,

Pukyong National University

Abstract

The sea tangle, Laminaria japonica Areschoung, is a brown alga, which belongs to the family
Laminariaceae and is widely distributed throughout Korea, Japan, China and France. This alga has
long been used as common seafood as well as traditional medicines to promote maternal health.
Previously, it has been reported for several biological activities such as scavenging activity
against free radicals, antimutagenic activity, down-regulation of blood glucose in diabetic rats,
inhibitory effects on oxidative stress and xanthine oxidase activity in streptozotocin-induced
diabetic rat liver and protective effects on high glucose-induced oxidative stress in human
umbilical vein endothelial. cells. However, inhibitory.activities. of-L. japonica on advanced
glycation end products (AGEs) formation-and-rat-lens aldose reductase (RLAR) had not been
investigated. Increased aldose reductase related polyol pathway and formation and accumulation
of AGEs have been implicated in the onset of many diabetic complications, including
atherosclerosis, cardiac dysfunction, retinopathy, neuropathy and nephropathy. In the present study,

the effects of methanolic (MeOH) extract and its fractions including dichloromethane (CH,Cl,),

vi



ethyl acetate (EtOAc), n-butanol (#-BuOH) and water (H,O) from L. japonica against diabetic
complications via in vitro asaays, such as RLAR and AGEs formation inhibitory activities were
evaluated. The MeOH extract showed promising inhibitory activities on both AGEs formation and
RLAR, with ICs5y value of 1,206.08 + 21.29 pg/ml against AGEs formation and inhibition
percentage of 27.44 + 1.13% at 100 pug/ml against RLAR. Among several fractions, the EtOAc
fraction manifested potent AGEs formation inhibitory activity with ICsy value of 150.32 + 2.84
pg/ml. Furthermore, the EtOAc fraction showed the highest inhibitory activity on RLAR, with
inhibition percentage of 50.83 + 0.12% at a concentration of 100 pg/ml. In addition, the CH,Cl,
fraction exhibited noticeable inhibitory activity-of AGEs formation with ICs, value of 167.65 +
1.76 pg/ml. The CH,Cl, fraction also inhibitied the RLAR at a coneentration of 100 pg/ml by
30.24 + 0.38%. Though the CH,Cl, fraction was less active than EtOAc fraction in both RLAR
and AGEs formation assays, it showed higher yield than EtOAc fraction. Therefore, the CH,Cl,
fraction was selected for chromatographic separation of active compounds using silica gel, RP-18
and Diaion HP-20 column chromatographies to yield two compounds 1 (pheophorbide a) and 2
(pheophytin a). The chemical.structures of both compounds were elucidated by 1D NMR (‘H &
BC-NMR), and confirmed by comparing with their published spectral data. Both 1 and 2 were
isolated from L. japonica for the first time. The present study, the inhibitory effects of 1 and 2
from L. japonica against AGEs formation and RLAR were measured. 1 exhibited potent inhibitory
activities against both AGEs formation and RLAR, with ICso values of 49.4 and 12.3 uM,
respectively. On the other hand, 2 was found to be active against AGEs formation, with 1Cs, 228.7

UM. For the further elucidation of the structure-inhibitory activity relationship of porphyrin

vii



derivatives, the inhibitory activities of commercially available four porphyrin derivatives and two
active porphyrin derivatives isolated from L. japonica on both AGEs formation and RLAR were
compared. Among the commercially available porphyrin derivatives, protoporphyrin IX exhibited
moderate activity on RLAR, with the ICsy value of 55.5 pM, compared with 1 (12.31 uM) and
quercetin (1.17 uM). On the other hand, hemin showed marginal inhibitory activity with on
RLAR an ICsy value of 101.3 uM. In contrast, chlorophyll a and hematin showed no activity
toward RLAR. In AGEs formation assays, not only 1 and 2 from L. japonica but also
commercially available porphyrin derivatives have inhibitory effect on AGEs formation greater
than positive control, aminoguanidin (ICsy-735.7-uM). Protoporphyrin IX and chlorophyll a
exhibited potent activity, evidencing the ICsy values of 42.1 and 695 puM, respectively. On the
other hand, hemin and hematin showed marginal inhibitory activity with the ICs, values of 280.9
and 299.14 uM, respectively. Taken together, 1 and protoporphyrin IX exhibited potent significant
effects against both AGEs formation and RLAR; indicating that the presence of carboxyl group
and the absence of phytyl group at the C-17 position of porphyrin derivatives 'seem to play key
roles on the inhibitory effects of AGEs formation and RLAR. In order to determine the optimized
extraction conditions of 1 and.2, L. japonica were extracted with different kinds of solvents such
as MeOH, CH,Cl, and acetone, and then quantitative analysis of 1 and 2 in the various extract of
L. japonica was simultaneously performed using HPLC-UV detector system. The peaks of 1 and 2
were revealed at approximately 16.00 and 45.85 min in the three extracts. The contents of 1 and 2
in the MeOH extract were 0.3 and 2.24 mg/g extract, respectively. In the CH,Cl, extract, content

of compound 1 and 2 were 1.13 and 14.3 mg/g extract, respectively. The contents of 1 and 2 in

viii



acetone extract were 3.15 and 42.93 mg/g extract, respectively. These results indicated that
acetone is optimized extracting solvent for extraction of these active constituents.

In the present study, these results demonstrated that the MeOH extract and its CH,Cl, fraction as
well as pheophorbide a and pheophytin a from L. japonica exhibited potent effects of anti-diabetic
complications via inhibition of AGEs formation and RLAR, suggesting that L. japonica and
pheophorbide a and pheophytin a from L. japonica might potential utilization of functional food

resource to prevent for diabetic complications.
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W osAel ARE fat BB 84 A19le] 4ol A s AE-AA A

ol oM adde] TS FEAITIE 71 S = polyol pathway 2|
o)At (Sato and Rifkin, 1989), AWelA Gz wwldol Agk AlshA
2~ E g2 (Williamson et al., 1993), myoinositol 2] 74} Na', K'-ATPase €7 2]
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74 (Greene et al., 1987)5°] WHEFSTE 1 5 polyol pathway + EZ%&

ol
il

A =] stuRE, ol xrdo] HHES A HPor W= AF=R
F e wke AR FAEM, 2 Fo FA7F B3t} (Gabbay and O'Sullivan,
1968; Dvornik et al, 1973). XL ox|lo g o] &5 T3 EHZA
AN A Ax ol F5E ol tiFIES hexokinase © €3} glucose-
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pathway & 71 * UIAFEIth (Collins and Corder, 1977). L2
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EHERY SdNkES 1 FHA  grkge]l dojuA] 4o, sorbitol
dehydrogenase ¢ &2 ¢E= Sddaio AR 9] wod EHSollA
ool W] ol Howvm=z AHAiAHOZ polyol pathway o 31
0] E9] %S oF7]3t} (Collins and Corder, 1977). TYF<l HH|EL

=7de] ol AxEr o= Fabo] offY] wiel AE el HHEHM, o=

Aoz Mo qsE Uo7t} (Gabbay and O'Sullivan, 1968; Dvornik ef al.,
1973). o] W #AA AFATS FIHYS AL, Na', €] F513 K

oful =4k WE] =, ATP, myo-inositol 52 F5S 4ot 53], Na°o|ly K'
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ol kst A EES oblskAl H=Hl, olek el FAHA

galactosemic rats oA WUge FAHS JAst= A2 ¥ AT (Verma and
Kinoshit, 1976; Parmar and Ghosh, 1979).
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Fig. 1. Formation of advanced glycation endproducts



link)elo A 7het D335 (eg, Atherosclerosis, Retinopathy, Nephropathy)<r
-3} 3L (Bucala et al., 1995), Alzheimer’'s disease L} Parkinson disease &} £
A7 EHshd A, denkesds dEEe] e Ae® Y AT (Grillo and
Colombatto, 2008). Fx=¥ 2L AN YEl= sl As 52 S7Fd ddo=

A BHE HFDsHEEel LDL 3 uwxk Adste] ddHe] FHAH I,

FEYE Ao BAaHam dom  (Viassara, 1997),. A 2Z oA
HETIsME FEol Ve AT ARTTY s olste A=
W& A vt (Makita ef al., 1991). 3+ Smith %5 (Smith er al., 1996)> Alzheimer's
disease ol 4] H 3= amyloid B-peptide (AB)2} 1%} ATEte] AB fibril 2]
Aol 7)eistiL, AR plaque ¢ ZE&IAS /NG L Busgidh
Alzheimer’s disease $+AF9] ¥ ZH-E F2]3F MAP-tau (microtubuli-associated
protein tau)E tubulin 2 -7t F3kEe] lom. I3l¥E MAP-tau =
microtubules 2]  ZAFo] AAHOZH AAAGEALS] FFo] TAE
WAl 1Y} (Gonzélez et al., 1998; Ledesma et al., 1998). TJ<=-°], Mattson &
(Mattson et al., 1995)°] W= A F (ROS)S o8 st TslapAd o

Nejeld, Ap © wAARE EJANGT k. HEsaEe =4

t

AlzggAleh Adeste] zhgsk=d o T 7HE & 4l Aol AGE 84



(RAGE)©|t} (Neeper et al., 1992; Brett et al., 1993). AGE-RAGE ‘g% 28] 2]

o
ol
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M3 oA p2lras ¢+ MAPK (mitogen-activated protein kinase)®} <1¥+%
AGH 27} 2% 0] NF-kB 9 437l f=%a o]2 28] proinflaimmatory
factors o] A7} of7]E o] 9

1994). dA7HA BL sgeEse] 493k avtel diF A4 AAHL

o|\
E

Jk-5-o] doj it} (Lander ef al., 1997; Yan et al.,

Reom, ezl HT IS AA| A==  aspirin,  aminoguanidine,
phenacylthiazolium bromide <} 34FstA]l So] o, I F ofv|Folyd

(aminoguanidine)< Amadori product <} Ajsle] Wl zpo] WAPATFS

v}

AA sttt &4 At} (Edelstein and Browmalee, 1992). 18]y J A A7
ol AE i eE ¥ A I AFdA  SAel uERG sidol
S5 QT (Rahbar and Figarola, 2003). ©]o] ®U} <kxlsli 943 &
Ad AAdZdAe Aegd a4 FgAAd B AT7AEY HAlo]
HF 5 a3l AT} (Corns, 2003; Tapsell et al.;2006).

2 AFol A AR8H ZEFQ YAIvk (Laminaria japonica Areschoung, Sea
tangle, Kombu)" Laminariaceaec ©°l <o}, Shofj-ofcttfe] Iote] Ryl
S (i) AEE-ta R T, B oA Xt o FE

Hgow e ojgHon, FTANE JuR AL FWAI] A

2

gFARcton AgH @Sl AN E RE (LA ek,

=

of Aw Adel A Hol g Hem WA Utk FIuz
ChEEgE] WEY, gAnE 12 Axe] 4Ee ARam, AwWe @

WEW dzo] ¥ AS WAl I sglen, ExAsedA=



=
d 7les oedval Zisstan vk =3, aEEA (SRR A=

A=A g rle] WEs F=EFE9] free radicals 2~A & &3 (Han et al.,
2002)2F & =AwWo] A (Okai er al, 1993)°] B How, Fr oA
43S 93 39E el A2 HIaHIT (Lee ef al., 1999). 18] il
streptozotocin 2.2 =¥ F ] ZhoAl AbsH AEH 29} xanthine oxidase
e digk gAet 55259 dayt (Jin et al, 2004)9F 1F GO
FE® A3ty AEd 2o e BuOH #8590 Bagyrt ASHAt (Park
et al., 2006). =3 TpAIrl2 R F2]E Zhr)y=l (laminarine), ¢714F (alginic

acid), $-3o| (fucoidan)> T3t A A S AY= Aoz delA

2
fol

Fuyae gz J}= AYr | (Chin and Fung, 1997), <712k

L

AER7bER de o855l 1o (Critchley, 1993), ol =M sk 73l

rot

n & FAS oA st) (Hidaka er al, 1986). =3k, 5 Zy~HES
A8tA71™ (Kim'et al., 2000), FFx=4d &S sk o2 HAHATE (Lee et
al., 1996). t}FF<l Ssojtk Fol &3 AA| 24 (Colliec et al., 1991; Nishino
etal.,, 1989), & vlol& X~ &3 (Lietal, 1995), &4 a 3 (Song et al., 2000; Shi et
al., 2000), W x4 A (Wang et al., 1994; Wu et al., 2004), A3 &3} (Li er
al., 2002), dZA 4 728 (Li et al, 1999; Li et al., 2001), XA A
(Zvyagintseva et al., 2002), 9] R & 28 (Shibata et al., 2000), 217233}

Q2 A3t 943} &3 (Liu e al., 2008; Zhang et al., 2005)%52] A& o3t



Y G2 lens aldose reductase A3 HEHIAHE
FAAAgA FAdel FAS Fot dnwy RS Az dEiAe

wrEhA], B Aol A= iAol 100% MeOH FEE3 o8 AT4 94

o] we} FE5le] A& B EE9] 3t lens aldose reductase A AR, FHF
T2 JASAAEE in viroolA S5, ol T A4S Ad £
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=0l 3} silica gel, Diaion HP-20, RP-18 column chromatography S =33} A3
S EAS 28 T4 o] F, CHCL £ ERTH 293 3E& 'H
NMR, “C-NMRG2| &334 48 &3} pheophorbide a®} pheophytin a®

5738k, ©]E52] lens aldose reductase A I HFT I 3AHE FAZqA EA
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Hyperglycemia

AR
+  Glucose 14

NADPH NADP*

Amino group
of protein

Shiffbase
N
Diabetes complications
3 Atherosclerosis
Amadoriproduct Retinopathy
Nephropathy
/ \ Neuropathy
Cataracts

Oxidative pathway * Non-Oxidative pathway

7N\ |

CML PENTOSIDINE PYRRALINE / \

Advanced Glycation Endproducts

Via catabolism of ketone bodies or threonine
Via fragmentation of triose phosphate

SDH
» Sorbitol — > Fructose ™  Fructose-3-Phosphate

v v
Methylglyoxal Glyoxal
v v
CEL CML
MOLD GOLD

Advanced Glycation Endproducts

Fig. 2. Polyol pathway and AGEs formation in hyperglycemia. AR : aldose reductase; SDH : sorbitol dehydrogenase; CML : Ne-
carboxymethyllysine; CEL : Ne-carboxyethyllysine; MOLD : methylglyoxal-derived lysine dimer; GOLD : Glyoxal-derived

lysine dimer.



BoAgAAE 20009 s¥el JIFEAME Bakel Y Aol
Aol Ax wel FAYR A F AAYHE B Az A

(Laminaria japonica)s T QoA Th FES & A4l Hysta gl

2. AeF & 77

2-1. AJoF

Column packing material->- silica gel 60 (70~230 mesh, Merck, Darmstadt,
Germany), Lichroprep” RP-18 (40~63 pm, Merck)¥} Diaion HP-20 (250~850 um,
Sigma)S A3} 3t} Thin layer chromatography+= Kieselgel 60 F,s, plate (0.25 mm,
precoated Merck, Art. 5715)2} RP-18 Fys (Merck, Art. 5685)%  AF-8-31% 01,
A AL OF2 50% HoSO48 AFE-3FITE 5% 2 column chromatography+ 13
Aleks ARESESlYE. NMR 54 A ARSgk 81= CDCl; (Merck, deuterium
degree 99.95%)°] t}.

Bovine serum albumin (BSA), aminoguanidine, D-(-)-fructose, D-(+)-glucose, B-
nicotinamide adenine dinucleotide phosphate (NADPH), quercetin, DL-glyceraldehyde
dimer, dimethyl sulfoxide (DMSO), chlorophyll a, protoporphyrin IX, hemin ¥}

hematin> Sigma Chemical Co. (St. Louis, MO, USA)oll4] G138} 3L, sodium



azidet™= Junsei Chemical Co. (Tokyo, Japan)lA T3Sttt HPLC +4]-&
MeOH®} acetone= Z}Z} Merck KGaA (Darmstadt, Germany) ¢} DUKSAN PURE
CHEMICAL CO., LTD (Ansan, Korea)olA F43slte] AFE31SITH NaH,PO,,
KH,PO,¥} NaOH+ Yakuri Pure Chemicals Co., Ltd. (Osaka, Japan), Na,HPO,

Junsei Chemical Co., Ltd. (Tokyo, Japan) 2 -8 -3}t

2-2. 7171

'H-NMR¥} PC-NMR- JUN ECP-400 spectrometer (JEOL, Japan)% Z+Z} 400
MHz¢} 100 MHzOl A A5t 59 3s4HE 5742 microplate fluorescence
reader FLx800 (Bio-Tek instruments, Inc., Winooski, USA)®Z. 3} 21, lens aldose
reductase &} A Aol o] &H %=1+ UV spectrophotometer (Ultraspec® 2100 pro,
Amersham Biosciences, USA)= A3 TLCH S 3ttE2 #34 (356
nm)3} T34 (254 nm)F-E (Model ENT-240C, Spectroline, USA)E A}-&3}

A3

AzxFDAEN ] tAlvl (Laminaria japonica) 5.5 kge ¥+ WZ7|E F-2sh

bt

off

[718el T $ 4 LY MeOHE 70°C FE70ol A A4 53] 5%

a8 FEANES o33 = rotary vacuum evaporator= =3l 990.85 g94

11
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o+ 9 Al * Fo] CHLCLE Hol &gt H¥slsd
ol 52 CH,ClL, 7FH5-5 F WX (sodium sulfate, anhydrous)E * 2|3t &
ol 7sle] FHsGith 9o B WHoR 43 ¢ WSSl CHCL +8 %
100.05 g& LAt L3 MW O 2 EtOAcE 71eto] 459 EtOAc 7HEH-S
To} EtOAc ®EE 16 g& AATE T3 4-BuOHO| UWeid= Fdd
o7 Algdsle] AEol p-BuOH #EE 3652 gt &52 H0 EIE

515.02 g LAt (Scheme 1).



Laminaria japonica (5.5 Kg)
‘ MeOH (70°C reflux for 3 h. 4 L x 5 times)

MeOH extract (990.85 g)

CH,Cl,: H,O:MeOH (10:9:1, v/v/v)

CH,Cl; fr. (100.05 g) Aqueous layer
EtOAc
EtOAc fr. (1.6 g) Aqueous layer
n-BuOH
n-BuOH fr. (36.52 g) Aqueous layer (515.02 g)

Scheme 1. Extraction and fractionation of Laminaria japonica



2. 3§E9 £
3-2-1. CH,Cl, 8&9] A& 27

HEGIAE A A GAHI lens aldose reductase A A AT HS-
A&e ZAI} EtOAc 8 Eo] 7MF & IS B, USo=2 CHCL

w8=ol =2 gAEAe]l YEEY I8y CHCL w8=°] EtOAc

g Ee] tF FTAHY U A= qAd"EH. ol CHCL #8&

O =2 silica gel, Diaion HP-20, RP-18 column chromatographyE =3 s}o] &4
AES B3t CH.ClL #3E (46 g)S n-hexane:EtOAc (20:1 ~ 0:100)2)]
|l Z silica gel column chromatographyake] 187l]2] subfractions (F1 ~ F18)2. %2

Ut} (Scheme 2).

e

4e A

1+ A3} F9, F10, F13,

<)

0|5 subfractions .2 HZL3IE A3
Fl4o| A & EA& Btk ofol| Z}2ke] subfractions®] s L35t F9,
F10= column chromatography3}$ITh F9 (2.3 g)= #1718 EtOH, MeOH ¥}
acetone>.= Diaion HP-20 column chromatography3t $- acetone subfraction (F9-4)=-
n-hexane:acetone (10:1 ~ acetone, gradient) > = silicagel column chromatography s}
107§ €] subfractions (F9-4-1 ~ F9-4-10)= A A2™, compound 1 (pheophorbide a, 5

mg)S AT} ©] ¥ F9-4-3 subfractionS Lichroprep® RP-18 (CH,Cl,:MeOH:H,0



=8:22:1)= A A|&5}o] compound 2 (pheophytin a, 95 mg)S *&|3IAt). FL3

E2 O F10 (1.9 gl A %= pheophytin a (105 mg)S ALt

15



CH:ClL fr. (46 g)

Silica gel
n -hexane:EtOAc (20:1 — 0:100, gradient)

1 2 o000 9 10 e00000 18
Diaion HP-20 Diaion HP-20
1 2 3 4 1 2 3
Silica gel Silica gel
| | | | | Compound 2
1 2 3 4 esesee 0 (105 mg)
| Silica gel
Compound 1
(5 mg)
Silica gel
RP-18
Compound 2
(95 mg)

Scheme 2. Isolation of compounds.1 and 2 from CH,Cl, fraction of Laminaria japonica



3-2-2. CH,CL 28X &9 Y& £33 42

31814 ©]& (Chemical shift)> WH-EFEZEZ  tetramethylsilane (TMS)<
71wo® st ppmT9lE  YERATE  'H-NMR¥  PCNMRE UFkE
(multiplicities)™ Z}Z} s (singlet), d (doublet), dd (double doublet), ddd (double double
doublet), brd (broad doublet), t (triplet) Z2]31 m (multiplet), q (quartet)> =

ERET

Compound 1 (Pheophorbide a): a Dark green amorphous solid. 'H-NMR (CDCl,,
400 MHz): § 9.42 (s, 10-H), 9.25 (s, 5-H), 8.53 (s, 20-H), 7.90 (dd, J=18, 12 Hz, 3'-H),
6.13 (d, /=11 Hz, 3*-H),6.23 (s, 13°-H), 4.19 (brd, J=8 Hz, 17-H), 4.43 (q, J=9 Hz, 18-
H), 3.63 (q, J=9 Hz, 8'-CH,), 3.55 (s, 12'-Me), 3.34 (s, 2'-Me), 3.13 (s, 7'-Me), 3.85 (s,
13%-CO,Me), 2.58 (m, 17'-CHjy), 2.24 (m, 17>-CHy), 1.63 (t, /=8 Hz, 8°-Me), 1.81 (d, J=7
Hz, 18'-Me), 0.00 (NH). *C-NMR (CDCl;, 100 MHz): 11.1 (C-7"), 12.0 (C-2"), 12.0 (C-
12", 17.3 (C-8%), 19.3 (C-8"), 23.0 (C-18"), 29.5 (C-17°), 30.7 (C-17"), 50.0 (C-18), 50.9
(C-17), 52.8 (C-13% CO,Me), 64.6 (C-137), 93.0 (C-20), 97.4 (C-5),104.3 (C-10), 105.0
(C-15), 122.7 (C-3%), 128:8 (C-13); 128.9 (C-3}), 128.9 (C-12), 131.8 (C-2), 136.0 (C-3),
136.2 (C-7), 136.4 (C-4), 137.8 (C-11), 142.0 (C-1), 145.1 (C-8), 149.5 (C-9), 150.8 (C-
14), 155.5 (C-6), 161.0 (C-16), 169.6 (C-13% CO,), 172.0 (C-19), 177.8 (C-17%, CO,),

189.6 (C-13") (Chee et al., 2005).



Compound 2 (Pheophytin a): a Dark green amorphous solid. 'H-NMR (CDCl, 400
MHz): § 9.34 (s, 10-H), 9.16 (s, 5-H), 8.52 (s, 20-H), 7.82 (dd, J=18, 11.6 Hz, 3'-H),
6.19 (dd, J=11.6, 1.6 Hz, 3>-CH,), 6.28 (s, 13*-H), 4.23 (brd, J=9 Hz, 17-H), 4.49 (q, /=8
Hz, 18-H), 3.49 (q, J=9 Hz, 8'-CH,), 3.90 (s, 12'-Me), 3.33 (s, 2'-Me), 3.04 (s, 7'-Me),
3.64 (s, 13*-OMe), 2.50~2.64 (m, 17'-C), 2.21~2.36 (m, 17°-C), 1.49 (t, J=8 Hz, 8°-Me),
1.82 (d, J=8 Hz, 18'-Me). Phytyl group: 5.16 (t, J=6.5 Hz, P2-H), 4.44 (dd, J=12.9, 6.5
Hz, P1-H), 1.88 (m, P4-C), 1.59 (s, P17-Me), 0.9~1.3 (m, P5~P14-C), 0.85 (m, P18, P19-
CHs3), 0.79 (P16, P20-CH3). *C-NMR (CDClL;, 100 MHz): 11.0 (C-7"), 12.0 (C-2"), 12.0
(C-12h, 16.3 (C-P17), 17.3 (C-8%), 19.2 (C-8Y),22.6 (C-P20), 22.7 (C-P16), 23.1 (C-18"),
24.4 (C-P15), 24.7 (C-P9), 24.9 (C-P5), 27.9 (C-P13), 29.8 (C-17%), 31.2 (C-17 "), 32.6
(C-P11), 32.7 (C-P7), 36.6 (C-P14), 37.2 (C-P12), 37.3 (C-P10), 37.3 (C-P8), 39.3 (C-
P6). 39.8 (C-P4) 50.1 (C-18), 51.1 (C-17), 52.8 (C-13°, OMe), 61.5 (C-P1), 64.7 (C-13%),
93.0 (C-20), 97.3 (C-5), 104.2 (C-10), 105.2:(C-15), 117.7 (C-P2), 122.6 (C-3), 128.8
(C-13), 128.8 (C-3"), 128.9 (C-12), 131.8 (C-2), , 135.9 (C-7), 136.0 (C-3), 136.3 (C-4),
137.8 (C-11), 141.9 (C-1),:142.8 (C-P3), 145.0 (C-8), 150.8 (C-9), 149.6 (C-14), 155.4
(C-6), 161.2 (C-16), 172.9(C-13%-0H), 172.1 (C-19), 172.9 (C-17%, COy), 189.6 (C-13").
(Lawson et al., 1989, Hargus et al., 2007, Wanga et al., 2009, Sobolev et al., 2005,

Egorova-Zachernyuk et al., 1997).



CH,

H,C

CH,

HaCl

HaCh™ CHs

2

Fig. 3. Structures of the compounds 1 and 2 isolated from Laminaria japonica



3-3. ¥3m FHFT A9

3-3-1. HFIIAE FAH A8 4F
HFTIstE g AAEA S Vinson and Howard (1996)2] ®H S W3 5]
21313 Th 0.2 M glucose, 0.2 M fructose <} bacteria®] Ad7&S 7] 213 0.02%
sodium azideE 50 mM sodium phosphate bufferol] =<1 9, 10 mg/mL bovine serum
albumins 3 7}$H}. AGE reaction solution 950 pL¥} 10% DMSO9| =<1 o7
F5E9 sample 50 pLE 41> F, 37°ColA] 7¥€7F incubation®$tTt. o] %
spectrofluorometric  detector (FLx800 - microplate fluorescence reader, Bio-Tek
Instrument, Inc., Winooski, USA)E ©]-8-35}4] 350 nm (excitation wavelengths)2} 450
nm (emission wavelengths)ol| Al HF-§-A82d = 9] fluorescence intensitys 574 3} T
(Scheme 3). Positive 'control®=i= aminguanidine hydrochloride> 'AF-83}% o1,
AGEs 974 A& otgfel A= Toke] ek 5, A3 A4S o] &35t

A B3

% AAE =1-(AN 59 FH=-gYxv9 SHE)/ TFF=TFE x 100

20



Reaction solution preparation

0.2 M glucose + 0.2 M fructose + 0.02% sodium azide + BSA

!

Reaction solution 950 pL + Sample 50 pL

\

Incubation 37°C, 7 days

d

Measurement at
Excitation wavelength at 350 nm

Emission wavelength at 450 nm

Scheme 3. Assay of AGE formation inhibitory activity
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3-3-2. Lens aldose reductase A &4 A3

Lens aldose reductase A2 SAsH7] ¢k a4¢9 ZA= Hayman¥}
Kinoshita (1965)°] ®'H-& FA3te] AAlEGlth FAe FAAE AHEs 2
TAA 170 0.5 mLe] phosphate buffers 7}sle] 23}t o] & 4°C, 10,000
pm o 2 203 YA st & O AT NE FHolo ARESioh wES- buffer?]
potassium phosphate buffer (pH 7.0) 620 uL, &4 90 uL, NADPH(1.6 mM) 90 uL,
DMSO°] =92 MeOH extract, 2}2}2] fractions¥} compounds 9 pL, 71HAZE 90
uLe] DL-glyceraldehydeS F3loll ¥ o] UV spectrophotometer (Ultrospec”® 2100 pro,
Amersham  Biosciences, USA)S ©]&3ko] 340 nmel4] NADPH &3% 9]
Faess SAATh dE2w2 ARdA DMSOE- FH7bstel A,
A o A o® T8kt (Scheme 4).

ZAW = (0% TEE —4% TH=)/4(EAATH} x 100

_1

Inhibition (%) = {1- (Acent — Asam) / Agont} X 100
Asm: SXNEEEWAS WY S4H%

Acow: SAMNEE BA-S%S W SHH

Zy7ro]l S Al 5.9] lens aldose reductase & A &S ICs, value® LFEFU AT

o] %@ A<l NADPHO| #HAZE 50% JAdE ¥EE pgml S yM=E U}

Bl ZEO = log-dose Al curveZF-E AlAFatSitt

22



Rat lens homogenization in sodium phosphate buffer (pH 6.2)

!

Centrification at 10,000 rpm and 4°C for 20 min

\

Supernatant (enzyme preparation)

l

Sample 9 uL + enzyme 90 pL

d

NADPH 90 puL

l

DL-glyceraldehyde 90 pnL

!

Potassium phosphate buffer 620 uL

!

Measurement at-340 nm, Duration 4 min, perion 30 s

Scheme 4. Assay of rat lens aldose reductase inhibitory activity
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3-4. HPLC &4

34-1. EF8S Az 2 A=A
Pheophorbide a2} pheophytin aS A 2}s] A =Fslal HPLC 218 acetones

Astel 1 mgmio] HEE AR F, APl 2pe FEE A4ssh

-
aQ
=l
2
J
o)

-
@
=l
Lo
off
=
oL
Ho
=2
>
N
N
o
ot
1
°x
flo
)
oX,
ol
ol
2
v

w4 FEHo] YAukE 0.1 ¢¥ FHoke] 10 mLe] acetone’} MeOH “1#]al
CHCLS X7HeF v 253 7]dA 3023t =31t o5 4°CellA]

3N ZE Eot AR 0 (AR ZIE of&ste] 2500 rpmol A 5E3E
%

2,
Y
ol
o,
=
an
o
=
@!
S
1
oo
{ab)
(@)
Q
@]
=
o
o
u
A
-
>
e
ol
o
S
Au)

3-4-3. HPLC ¥4 =4

2 ATl A= PU-1580 intelligent HPLC pump, LG-2580-04 quaternary gradient
unit, UV/Vis detector, PG-1580-54 4-line degasser ~1&] 1L CO-1560 intelligent column
thermostat® T4 ¥ JASCO HPLC system= ©|-&3}¢] HPLC #2415 435} 3it)

A0l AF8-¥ columne ODS Hypersil, (5 pum 4.6 mm LD. x 250 mm)2. 2 flow

24



rate 0.8 mi/min®| Al F P}tk HPLC 24 Al 54 32 410 nmoll A =45}
Sl 2™, solvent system - (A) methanol:0.5 M ammonium acetate (80:20), (B)
methanol:acetone (70:30)°] ™, gradient 100% A%l A Al 2}&le] 533t linear flow
2 75% A:25% BE Z1e %, 53-1F linear flow® 50% A:50% B7FA] X1 &gt} o]

o 53%-7F linear flow= 25% A:75% B= %1383}l 207t linear flow= 100% B7}

rot

Al sttt 18] 31 isocratic flow®= 10%3F &gk o 5EIF linear flow=

100% A7FA] 1@ttt AJ8& 20 uLEs T gk

25



Table 1. HPLC analytical condition of pheophorbide a and phoephytin a

Column
Flow rate
Detector

Injection vol.

ODS Hypersil, (5 pm 4.6 mm 1.D. x 250 mm)
0.8 ml/min

410 nm

20 pl

(A) methanol:0.5 M ammonium acetate (80:20)

Mobile phase (B) methanol:acetone (70:30)
Time (min) A (%) B (%)
Initial 100 0
5 75 25
10 50 50
Gradient program 15 25 75
35 0 100
45 0 100
50 100 0

60 100 0
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1. T A"} CH,CL, 23 E A £
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chromatographyE &3lo] 2% 3lgtES ¥l 44 3™ ID NMR (‘H-
NMR, "C-NMR)®| #3814 WS Apb&ate] 4383l ol st

Tl M= A2 2eld stgEelvh

4

-7

o

Compound 1 (pheophorbide a)t= F=249] H AaAZ 2

=
32
o
=

£l CDCLE 'H-NMR (Fig. 4)¥} “C-NMR (Fig. 5) spectrums =4 3d}al 71
datas <& *| (Chee et al., 2005)2} H|2L3}9] pheophorbide ad S 2135}t o]
S}t Scutellaria  barbata, Ficus macrocarpa ‘o O-Z5-E %o,
aksl EA (Hsu et al, 2005)7F FhA| el ofek Fdsta X2 a3 (Tang et
al., 200605 7HAE Ao B3 HAvh ek 3Feke] dFQl MY SAF

(Lim ef al., 2004), A%k (Hajrietal., 2002) #7%Fet AlE (Hajri e al., 1999)% <]

e dAse Aewm delA AoH, ICR vhe-29 vR-ol A Feka et
G ASaYE AYe AoR Y| Mt (Nakamura ef al., 1996).

Compound 2 (pheophytin a)= $r=Ae] HIZAAY AR 2= oH,

4= CDCLE AFE-3le] 'H-NMR (Fig. 6)¥ “C-NMR (Fig. 7) spectrums



v

At 2 A3}, 3 A (Lawson et al., 1989; Hargus et al., 2007; Wanga et

al., 2009; Sobolev et al., 2005; Egorova-Zachernyuk et al., 1997)2] spectrum}

e

x| 5} pheophytin a®  FA3ITE ©] F¥ES Lonicera hypoglauca,
Sargassum fulvellum, Enteromorpha prolifera s - Z5-H 2% %oH, & CH

FA &I (Wanga et al, 2009)9F PCI2 cells®] 312 FZA|o2H

2

=sfolm] Ayt g AGEPAH AL g &3} (Ina er al, 2007),

ot

L

st @7 ¢eA Yl (Higashi-Okai et al, 2001). 3% 12-O-
tetradecanoylphorbol-13-acetate (TPA)Z =3+ AF E2 A Lo A ZstE
ol (0] AL gAlsta, AFA FAdA HFF 22 AFWgol Ui

ZEs dAaRE 7HA = Ao US| A T (Okai and Higashi-Okai, 1997).
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Fig. 5. "C-NMR spectrum of compound 1 in CDCl;
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Table 2. 'H- and “C-NMR spectral data of compound 1 in CDCl;

Positions "Hs Bes
1 142.0
2 131.8
2! 3.34 (s) 12.0
3 136.0
3! 7.90 (dd, J=18,12) 128.9
3*H 6.13 (d, J=11) 122.7
4 136.4
5 9.25(s) 97.4
6 155.5
7 136.2
7! 3.13 (s) 11.1
8 145.1
8! 3.63 (q, J=9) 19.3
8’ 1.63(t, J=8) 17.3
9 149.5
10 9.42 (s) 104.3
11 137.8
12 128.9
12! 3.55(s) 12.0
13 128..8
13! 189.6
13°-CO,Me 3.85 (s) 52.8
132-OH 169.6
13> H 6.23 (s) 64.6
14 150.8
15 105.0
16 161.0
17 4.19(brd, J=8) 50.9
17! 2.58, 2.60 (m) 30.7
17 2.24,2.28 (m) 29.5
17°-CO, 177.8
18 4.43 (g, J=9) 50.0
18! 1.81 (d, J=7) 23.0
19 172.0
20 8.53(s) 93.0
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Table 3. 'H- and “C-NMR spectral data of compound 2 in CDCl;

Positions 'H5 o) Positions 'H5 o)

1 141.9 pl 4.44 61.5

2 131.8 (dd, J=12.9 6.5)

2'-Me 3.33 (s) 12.0 p2-H 5.16 (t, J=6.5) 117.7

3 136.0 P3 142.8

3'H 7.82 128.8 P4 1.88 (m) 39.8
(dd, J=18, 11.6) P5 0.9-1.3 (m) 24.9

3? 6.19 122.6 P6 0.9-1.3 (m) 39.3
(dd, J=11.6, 1.6) P7 32.7

4 136.3 P8 0.9-1.3 (m) 373

5-H 9.16(s) 97.3 P9 0.9-1.3 (m) 24.7

6 155.4 P10 0.9-1.3 (m) 373

7 135.9 P11 32.6

7'-Me 3.04 (s) 11.0 P12 0.9-1.3 (m) 37.2

8 145.0 P13 0.9-1.3 (m) 27.9

8! 3.49 (q,J=9) 19.2 P14 0.9-1.3 (m) 36.6

8°-Me 1.49 (t, J=8) 17.3 P15 24.4

9 150.8 P16 22.7

10-H 9.34 (8) 104.2 P17 1.59 (s) 16.3

11 137.8 P18 16.3

12 128.9 P19 16.3

12'-Me  3.90(s) 12.0 P20 22.6

13 128.8

13! 189.6

13%-0H 172.9

13*H 6.28 (s) 647

13%-OMe  3.64 (s) 52.8

14 149.6

15 105.2

16 161.2

17-H 4.23 (brd, J=9) 51.1

17! 2.50-2.64 (m) 31.2

17 2.21-2.36 (m) 29.8

17°-CO, 172.9

18-H 4.49 (g, J=8) 50.1

18'-Me  1.82(d, J=7.2) 23.1

19 172.1

20-H 8.52 (s) 93.0
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2. B8 4d

2-1. d3d% &

ol
ok
o
i
o

2-1-1. MeOH FEEFH Zt EIEEY FHFIIIE I AALAH lens

aldose reductase < A|&A

HETGsikE AAEAd e g xoHE == aminoguanidinesS ARS8} O,
ge HA% Ay oAvle] MeOH FEE3 3559 1Cs ah<= EtOAc
B8 % (ICy 15032 pg/ml) & CH,CL %% (ICy 167.65 ug/ml) > McOH %2

(ICs01,206.08 pg/ml) > n-BuOH #2315 (>1Cs 1,600 pg/ml) > H,0 & (> ICs

~

1,600 pg/ml)e] o2 JEIWTE MeOH F==3 7t 23ESS] HFI3)
AHE A AAlgA] AgoA p-BuOH 3 E3 H05S 1,600 pg/ml o]

M= A3 FH7F LpEPEA] @kt tlE Q] aminoguanidine (ICs, 86.77

tAlEle] MeOH FE=E3 EEEE9 lens aldose reductase A ZHAS

Z43t7] 93 dlxoFE =+ aldose reductase A A A2 &# A A& quercetin
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(Varma et al., 1975; Varma et al., 1977; Leuenberger, 1978)= AF-8-3} St} thA|wle]
MeOH FE5E¥ 2=28H 9 #8559 lens aldose reductase & A &/d
100.0 pg/mle] 5% 4 EtOAc &&= (50.83 £ 0.12%) > n-BuOH &&= (31.85
£ 1.01%) > CH,Cl, 3% (30.24 £ 0.36%) > MeOH FE%& (27.44 = 1.13%) >
H0 #3E (19.11 £ 134%)2 o2 Yeyth o]l5L tlx<l quercetin
(1.0 pg/mle] =4 6589 + 0.95%)2th= W2 A4S Yepddlon, 1

Zo A EtOAc E38Eo] 7[YE =& FAS Yl 1 th2 o2 5-BuOH
3]

(Fig. 8). L&} &
639 7IF =71 wlEol CH.CL 8l&e HEZstE F AP lens aldose
reductase 2= <
T A A 2 dAFeAE CHLCL +3=dA I Agddes

glakarxt kit

i
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Table 4. In vitro activities of methanolic extract and its fractions from L. japonica on
RLAR and AGEs formation

RLAR* AGE"
Samples Inhibition (%) ICso (ng/ml)
Mean + S.E.M. Mean + S.E.M.
MeOH extract 27.44 £1.13 1206.08 + 21.29
CH,CI, fraction 30.24 £ 0.36 167.65+ 1.76
EtOAc fraction 50.83 £0.12 150.32 +2.84
n-BuOH fraction 31.85+1.01 >1600
H,O fraction 19.11 £ 1.34 >1600
Quercetin® 65.89 £0.95
Aminoguanidine’ 86.77 £ 0.62

RLAR: rat lens aldose reductase; AGE: advanced glycation end products.

“Lens aldose reductase was determined at a concentration of 100.0 pg/ml for the methanolic
extract and its fractions obtained from the methanolic extract of L. japonica dissolved in DMSO.
"The 50% inhibition concentration (pg/ml) were calculated from the log dose inhibition curve and
expressed as the mean + S.E.M. of triplicate experiments. ‘Quercetin' (1.0 pg/ml) was used as a
positive control in the RLAR assay. ‘Aminoguanidine was used as a positive control in the AGE

assay.
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Fig. 8. In vitro activities of methanolic extract and its fractions from L. japonica on
RLAR and AGEs formation
RLAR: rat lens aldose reductase;. AGE: advanced glycation end products. RLAR and AGEs

formation were determined at a concentration of 100.0 pg/ml and 200.0 pg/ml, respectively.
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2-1-2. 2219 3FESS HEFIIE JA A ZA T lens aldose reductase
AA LA
CAlELe] CH.CL, w8 =2 U S = silica gel, Diaion HP-20, RP-18 column

chromatography & <3J3to] 2& 9] porphyrinZ] 3}8&<] pheophorbide a (1),

pheophytin a (2)& &dsidlen, o5& Wdowm HFIIME @

o_>L

&
A A& 3} lens aldose reductase A &S H 718}t (Table 5). & 5334t

e

ot

P AL AFHL in vrodl A glucose, fructose®} 2 T}

w
B

SAZLE]

Fahukgol o " LS Ad HAISIINESS SAHS

-

off
ol

o]FojHth. tiAlwlo Al 2] % pheophorbide a <} pheophytin at™ tZET

o

o
©

aminoguanidin 2.t} 7= A o] YEFSE S, pheophorbide a2 1Cs) #h2
42.06 + 1.03 pM= %A tHZ2] aminoguanidin (735.65 + 6.71 pM)=E.t} °F
15Mi A= =& 3AS HStl pheophytin a2l 228.71 + 0.07 pM=Z %A
272 aminoguanidin . B 3u| A = 4sk 24 S e

218G dEAA A E fiee radicalsel] &F] A= Fel AsAtbsie

HFIearEel 9Ay

o
of\
il

A7 ALZ dHA At (Wolff et al., 1991).
ol Aol W=, invitroolA] glucose2k albumin &2 H-E 9] FHF I 3}ikE 9]
P4 albumin®] A& LdF-Fo| Ot free radicals®] 2F-&ol] 7]Q1st FHo=
B3 Atk (Le Guen et al., 1992). AAZ, 7 gk abstA = ¢ % vitamin E (o-

tocopherol)7} & BEEAR F&ari= AL W

BRI

H v} 9o (Ceriello et
al., 1988), <1 dipeptiedQ! carnosine> &} 5ol o Fa 3t FAls A2 A

o] w3 Pab WA AGL A3

rr

Ao A vt (Boldyrev, 1990).



kA, o3t ks S Ad AYIAHEEEC] ndTd AHClA
B/dH free radicalss AT =N HIFTI= A4S JATIHL =

$Jt}. Matsushita®} Iwamiol]l W=, chlorophyll®} 1 %A

1o
)
(e
)
[-40
-
PN
[-40

porphyrin ring< 107} o9 olFA%S EFsta om, o Fx7}

rr

chlorophyll?} 1 F%=A|7F A Y= 3Akst &0 S8 9TE st o=
A AlSFSI T (Matsushita and Iwami, 1965). H=3F, A s<A o4 porphyrinZ|
3}etE2] DPPH, ROS®t 2 free radicalsS AASI= &2kst &40
W% AT} (Endo et al., 1985; Hsu et al., 2005). webAd, ThAnfZRE 29
porphyrinAl  S}3tE- A &A1 nd@G el ok Absd AEHAE

AAFOEA FYT-AFZIANEYY DL dehdnin A 5

& T UTh
HEH | lens aldose reductase 2§ ol A= 9% pheophorbide a®to] <#|&Ad-S-

Uebsleh 2 A& raté) FAAE dE8stel wa4® AREStal DL-
glyceraldehydeS 7|2 = sto] Tttt A tix=< quercetin (1.17 + 0.17
uM)Z} H] L3} o, pheophorbide at© ICsy k] 12.31 + 1.19 pM= H|1L 3
=2 &S YeER ST WAl pheophytin av A& S YERARA] k)
WAl g AEjoll A S7FEl oxidative stressi= ROSE A4 A1Z1th. ROS9

Ado 2 Q13 toxic aldehyes® Aol F7bstal, AE toxic aldehydesi=
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aldose reductases G/ SAIZIT) o2 all S ENS] oF 2-48]9] glucose”t
polyol pathway= 7 sorbitolZ} fructose= 7 3+F T} (Travis et al., 1974; Malone
et al., 1980; Williamson et al., 1993; Maccari et al., 2005; Lee et al., 2005). 13§ <1 +-9]]
M=, flavonoid®} phlorotannin®] aldose reductase &/d¢] A= 7=

kst 711%k Aolgkar Ay v} (Costantino et al., 1999; Lim et al.,

)
S
S
=
~

awanishi et al., 2003). A= RS pheophorbide a+ 742 3l lens aldose reductase
AR LS HoJu} pheophytin av= THX| X3 AHS Eol, phorphyrinZl
3}5H&E 9] lens aldose reductase & Al €42 phorphyrin ring®ll X 3$He o] FZ 3ol

o) gt ksl Aol 71Q1gk Zlo] ofyek C-17°$1 2] 9] carboxyl groupe] &4

ol#1dt ANEE Fetdln, thrvie}l T2 HE EE% pheophorbide a 9}

clr
oft

2 PHFS e AL 5 o

rr

75 A ELeE

i

pheophytin a

A &] o] o] Vhad Acow Z|HHE
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Table 5. In vitro activities of pheophorbide a and pheophytin a from L. japonica on
RLAR and AGEs formation

RLAR® AGE"
Compounds 1Cso (uM) 1Cso (uM)
Mean + S.E.M. Mean + S.E.M.
Pheophorbide a 12.31+1.19 4943 +1.32
Pheophytin a - 228.71 +0.07
Quercetin® 1.17+0.17
Aminoguanidin® 735.65+6.71

RLAR: rat lens aldose reductase; AGE: advanced glycation-end products.

*The concentration that caused 50% inhibition (ICsg) is given as the-mean + S.E.M. of duplicate
experiments. "The 50% inhibition concentration (ng/ml) were calculated from the log dose
inhibition curve and expressed as thesmean + S.E:M. of triplicate experiments. ‘Quercetin was
used as a reference compound on lens aldose reductase inhibitory activity. ‘Aminoguanidine was

used as a reference compound on AGE formation inhibitory activity.
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2-1-3. PhorphyrinAl SHFEEY HFTFE FA AL lens aldose
reductase & A &4

S Al vl (Laminaria japonica)=5-¥] 2]t porphyrinZl &3+ (pheophorbide a,
pheophytin a)°] FHEGsitE FAd AL} lens aldose reductased] TSt
AA LGS Ads& A F, porphyrinAl SFEES] S FxIH9

SHAAAE FH57] A5kl Sigmaol Al 42| porphyrinZl &3+E  (Fig 9)=

Sigmaoll Al 943§ porphyrinFl 3HES] HITIsME P4 A
A AF= Table 69 YEMNAT. 43 porphyrindl 33 EES  FA
Z?  aminoguanidinE T} gt Aol vEW T TAWLERH

2] 3k pheophorbide a ¢} pheophytin a2] A&7} B3] HES o, o] 52

2
N

€4 = protoporphyrin IX > pheophorbide a > chlorophyll a >> pheophytin a
> hemin > hematin =2 2 57 ¥ 21T}, Protoporphyrin IX2] 1Cs #k©] 49.43 +1.32
uMZ 2% aminoguanidin (735.65 £ 6.71 pM)e] ¢F 178 A== 7
23 AdASdS e e, o1 T8-S 2 chlorophyll a7} 69.45 + 1.94
UME  aminoguanidin 2t} 108} A= Aet S BT 183 hemind
hematin®] ICso%k®] Z+Z} 280.92 + 1.83, 299.14 + 2.04 yM=Z UhAh w& A4S

1 S S} aminoguanidin®] W] 3] °F 3wl = &Ado] FshAl YERSTL

ot A= H|Fo] E uf porphyrinZll 33FEC FHFTGSAE A
gd 2 carboxyl groupe] =A<} porphyrin ringloll EA3F= T 4020l 2]k
abste ) e HEAQ 8Rld o8 dehuve AYdESE & Stk
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W
ON

FelitE A dA &Ade] & 313HE pheophorbide a2} protoporphyrin IX+i=
K5 carboxyl groups 73 Wloll A|Y il Ql= ¥R, chlorophyll a} pheophytin
at= C-17° 91X ol carboxyl group®] o} phytyl groups 7FAWHA H 43
Aol "Hojx]= AS B F Utk pheophytin at= chlorophyll a®] porphyrin
ring % Wel Mgrolo] =¥ FE|E chlorophyll akt} ©LS w&

AALdS YEFNRATE Endo & (Endo et al, 1985)2 chlorophyll?} 1

FEAEe] 7|28 o2 ¥ 3} porphyrin ring 73 AFHA % free radicals A4
AAol wlg- Fast JaS AT, chlorophyll®] porphyrin ringt]e] v} 1U|&F
o] 9] EAZ Qg ZolE Wbl o3 ¢ ZEd gikst dAdS
Uepi ok B stk webA, porphyrin ringT % WOk S48k w4029
Aol E wkgoll’ o) 3) free radicalso] AA%HA HITB3h= o] A

Lens aldose reductase®l] thel A& 2 &l oAl protoporphyrin IX2} hemin©]
A A &S e o159 ICs #-> Zh2F 5545 + 1.54, 101.33 + 2.61 uMZ,

G =T quercetin (1.17 £ 0.17 uM)} thA| 2 H-H E2}% pheophorbide a

y

(12.31 + 1.19 uM)&} B L8 S o, protoporphyrin [X+= 57F A%Eo] A S W
RIL, hemint P& AA LGS AH= ASE bkt B3h chlorophyll a
9} hematin<> lens aldose reductase®l] w3l AL S YA Xk A
pheophytin a’= A /35 HolX| &gkth T3] W, porphyrinZl 3139
lens aldose reductase A& ol & sgtEo] 7|2 A 02 E3S= porphyrin

ring 73 el o]z A el o7 @ity wiiel yehu= Aol ofyel, C-
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17> 1%1¢] phytyl group?] H-AeF S Aol carboxyl groupe] 417} lens aldose

reductase A EAo] T3 IS = FHoRE AR EHT
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CH»

CH3

HaC

X
CHj3
R

3

Phytyl
Phytol R3; = OH
HaCu™ CHj
Pigment M R,
Chlorophyll a Mg Phytyl
o 0 Pheophytin a 2H Phytyl
R, Pheophorbide a 2H H
CH,
H,C
CH,
Pigment M X

HaCu CH

Protoporphyrin IX 2H
Hemin Fe Cl
Hematin Fe OH

Fig. 9. Sructures of isolated pheophorbide a and pheophytin a from L. japonica and

porphyrin derivatives used in this study.
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Table 6. In vitro inhibitory activities of commercially available porphyrin derivatives on

RLAR and AGE formation

RLAR* AGE"
Compounds 1Cso (uM) 1Cso (uM)
Mean = S.E.M. Mean + S.E.M.

Chlorophyll a - 69.45 +1.94

Protoporphyrin IX 55.45+1.54 42.06 +1.03

Hemin 101.33 £2.61 280.92 £ 1.83

Hematin - 299.14 +2.04
Quercetin® 1.17+0.17

Aminoguanidin® 735.65 +6.71

RLAR: rat lens aldose reductase; AGE: advanced glycation end products.
*The concentration that caused 50% inhibition (ICsg) is given as the mean =S.E.M. of duplicate
experiments. "The 50% inhibition concentration (ug/ml) were calculated from the log dose
inhibition curve ‘and expressed as the mean + S.E.M. of triplicate experiments. ‘Quercetin was
used as a reference, compound on lens.aldose reductase inhibitory activity. ‘Aminoguanidine was

used as a reference compounden AGE formation inhibitory activity:
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3. OAIvt FE2EZ5E compound 13 29 FHFEH

1. DAl RE 2oE SuEe A%IH AE

Al e 2 5 2] % compound 1 (pheophorbide a)2} 2 (pheophytin a)E HPLC
218 acetoneol] =] Table 1°] YEF ZHo| wlg} HPCLE 2 A|sS Y. 2 &
L9} o mE peakd YHolZFEH HEFGHE AAdStal o] & validation AT
2 o] A28t Th HPLC 241 A3}, compound 19} 23 ZH7E 16.00 min®}h 45.85
min®] retention time= YWEFH AT} compound 1= 31.25 pug/ml ~ 1.95 pg/ml9] -&
TR QoA R* =0.99702] # A4S YERNS S, compound 2 125.0 pg/ml ~
7.8 ug/mle FEZHL A R? = 0.99999] A MAS LR o] B HEFgEe

o AAT (Fig. 10).
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6.00E+06

y=8.,762,129.85 x + 62,039.70
5.00E+06 R*=0.9970

4.00E+06
3.00E+06 °

2.00E+06

Peak area

1.00E+06

0.00E+00
0 0.1 02 0.3 0.4 0.5 0.6 0.7

conc. (ng)

6.00E+06

y=6,883,715.80x + 198,908.97
5.00E+06 - 09999

4.00E+06
3.00E+06 °

2.00E+06

Peak area

1.00E+06

0.00E+00
0 0.1 02 0.3 0.4 0.5 0.6 0.7

conc. (ug)

Fig. 10. Calibration curves of pheophorbide a (A) and pheophytin a (B) from L. japonica
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3-2. tA|r} FZE2] pheophorbide a9} pheophytin a2] &2

Al 2 5 2] %F compound 1 (pheophorbide a)@} 2 (pheophytin a)e] | % 9]
FE20E AES ] 98te], MeOH®F CH,CL, “1#]3l acetonel & F% 3}
A

< 7t FEEE5Y compound 17 29| S SASIATH (Fig. 11)
=
[}

HPLC FA%4] Ay, BE FEE0A 16.00 min? 45.85 min®] compound 1
7 29] peak’} YERGE AS AT 5 Ah o5 SSHE] AFFAS

compound 1 -2 0.31 mg/g, compound 2 9] 32 2.24 mg/go. =2 L EFRLTE

U222 CHClL FEEA4E compound 13 29 shf-&Fo] Z+Z} 1.13, 13.74

ls

mg/gE WEFE O™, acetone F= = ONA = ZH7F 3.15, 42:59 mg/gl = LHEFRLTE
T, OAVFE acetone 2 FE5F S W] compound, 13} 29] T

o] MeOH= FE31% = we| dFRot Z42f 1001k 20814 =4 Yelu= A
S #921st 4= AT} (Table 7 and Fig. 12). 2}A], compound 19} 29] ##9] F

Z8u] 7S acetoneO F, o]E o] g8 FE=How A TAHEA ko]

w2 715445 At a5 Ao
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A
Peak 2
Peak 1
10.00 20.00 30.00 40.00 50.00 60.00 [min]
B
Peak 2
Peak 1
10.00 20.00 30.00 40.00 50.00 60.00 [min]
C
Peak 2
Peak 1
10.00 20.00 30.00 40.00 50.00 60.00 [min]

Fig. 11. HPLC chromatograms of MeOH (A), CH,Cl, (B) and acetone (C) extract from L.
japonica. A: MeOH extract; B: CH,Cl, extract; C: Acetone extract. Peak 1 (Rt: 16.00
min, pheophorbide a); peak 2 (Rt: 45.85 min, pheophytin a).
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Table 7. Contents of the pheophorbide a and pheophytin a in the MeOH, CH,Cl, and

acetone extract of L. japonica

Retention time Contents (mg/g of extract)
Compounds
(min) MeOH CH,Cl, Acetone
Pheophorbide a 16.00 0.31 1.13 3.15
Pheophytin a 45.85 2.24 14.3 42.93
45
40
35
T
£ 30
bl
5 w25
on
g 20
:ﬁ, 15
=
=]
D10
5
3 =

MeOH CH,Cl5 Acetone
B Pheophorbidea® Pheophytina

Fig. 12. Contents of the pheophorbide a and pheophytin a in the MeOH, CH,Cl, and

acetone extract of L. japonica.

50



V. 8 4 42

No

ol

jpuze)

o

o] o, 1 7]H S =Z polyol pathway ©]%3}

Pl

aldose reductase©l|

]
e

du= ¥

LR ED

o

ool sorbitolS Aol AA

= iz
T -

21T}, Polyol pathway

-
T

ol A 2] aldose reductase

/\01-

44

s

Rl

il

Fo] sorbitol =

d|

9

B}A]

o
5

71

B

~

o

2 ARSA =AM, o

sorbitol

s}epel

3o

_g]

2o

ﬁo

%4 o]

i

sorbitol2]

ESEEE

= 434 Stk

10

.%]_O

9

Hlo

2] carbonyl group©lUt ketone group

ol A 2t

udg A

e v

HF3-ofl

G o] amino  groupite]

N5 %] ¢k o] o} & uj 71X

3

o n
i

(advanced glycation end products, AGEs)

SEXSE

5]

¥ 9

(serum albumin), =<7 A (lens 7 crystalline),” Al

il

‘_l_ﬁmo

=

(cross-link)
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At} Jang sl <3l Erigeron annuus=5-E &

i

phenolic compounds®]
aldose reductase®} HEFsHE FA EAdo] W3] O™ (Jang et al., 2008),
W AT+ES 53 favonoids® aldose reductase A &4 (Varma et al., 1977;
Enomoto et al., 2004; Lee et al., 2005)3} #HFI3rk=E A &4 (Wu and Yen,
2005; Urios et al. 2007)°] XIi® ¥} vy H=3k ZAEF[{<Q Eckionia
stolonifera=5-¥] 2] %¥ phlorotannins (Jung et al., 2008)°] aldose reductase®}
HFIshEel gg oA 242 Uedl= Aow Al vk (Jang et al,
2008). Lyt o} A A& AZXF ThAmke} T2y FEd 319HE 9
aldose reductase?t #HFF3HtE P9 Aol Bt 5= o] Folxl Hl
STt wEbA, B AFo A tAlele] MeOH F==3 7 B3 EE9 aldose

reductase AL FHFF S Ao AL S HAE, S48 Ad
o

q
>,
=)
lo,
2
au’
fio
Sl
i
e
_\7:1
Id
fu
4z
)
ne
2

Z CH,ClL, EtOAc, n-BuOH
2353 HO0Z5 gt HFEstE dA A&7} lens aldose reductase
3}

AL in viro A= Ssto] ARG FEE £8E T EtOAc

3
A

w3 Eol 7 A™Es HI3EshE  dAZAd I lens aldose  reductase
3}

AAEAdS eI, I BEo® CHCL £8&°] w2 &4 HEUt



a8y CHCL 53

I
=
¥ouE B4 Uehls 4Rel B o] 9s Ao s

2. HEI3rtE FAAYGA AT lens aldose reductase A Aol
TEHO] ¥ CHClL #8ES YA SR silica gel, Diaion HP-20, RP-18 column
chromatographyS F8jsto] &4 &S FEsiath #8d SdEY +x
ID NMR (‘H-NMR, “C-NMR)9| #3334 WS o]g3te] FAH3G L

™
7Yz} o] <+ x| 9} "1 3}o] pheophorbide a (1), pheophytin a (2)%= &<1sF3ATh.

&

=

ol 5 3}FEE Anli e Agor g 3gEo|th o] de] AFEdA
pheophorbide a2] &4Fsl &4 (Hsu er al, 2005), ZHSEAEe] djgh F <34
A 5a ¥ (Tang ef al., 2006), ¥ F¢+o] AFQl A4 SAE (Lim et al., 2004),
A7t (Hajri et al., 2002), 3174 AE (Hajri et al., 1999)5-9] A% oA a3

AUs Aoz d#fzlon, ICR vhy-22) J| o dtastet & d5aysts

rl

AYE Aoz ure At (Nakamura et al, 1996). Pheophytin av= 3 C3

rl

2+ &7 (Wanga et al., 2009), &4Fst @3} (Higashi-Okai et al, 2001)5 A1 H,
PC12 cells®] #3315 TIZAH RN G=stelr] Ay 2o AAFHPA
A3 digt A5adsE Yehls A= Ry (Ina et al., 2007). E3H

12-O-tetradecanoylphorbol-13-acetate  (TPA)Z =3+  AF  EZ A M|zl A

ZISE Sole (09 ANE oAsw, AR AN REI e
AEwso] ol FEG JdAERE e Ao WHAL Ok and

Higashi-Okai, 1997). Z12{4}, lens aldose reductase®} &3 sIitE Ao o st
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AA gl disiAe AT vb glok kA, & ARl A= pheophorbide a
(1)} pheophytin a (2)¢] lens aldose reductase$} HETFsHitsE Ao gk

oA e BIhSA .

3. OARt=FE #2l¥E pheophorbide a ¢} pheophytin a®] FHFTESHHE
A A7 lens aldose reductase A SEAHS FSAIAT. HEFIIAEFHA
AA LA AFol|A, thAlmlelA] E2l¥l pheophorbide a <} pheophytin at=
223l aminoguanidin 2.t 7F#E gt A& o] eSO M, pheophorbide a2
ICso %k 42.06 + 1.03 pM =2 YA d]Z22] aminoguanidin (735.65 + 6.71 pM)H.th

oF IsMlHE Fe A

mlo

2SIt} pheophytin a2] 22871 + 0.07 uMZ FA
g2=91  aminoguanidin®. Uh=  3uA L= st &S UERETE o]
F7HA oz g 7hA O] porphyrinA] Sh§tEe] FHTHIIE AAEES
AEStY] A3 Fx23re] AABAE ghledit. BE sFEEol dxadl
aminoguanidin 2.t} 4=t A& o] YERO ™, protoporphyrin IX >
pheophorbide a > chlorophyll a >> pheophytin a > hemin > hematin =92
A& o] A = At protoporphyrin X, chlorophyll a, hemin¥} hematin®] 1Cs,
ol 27} 49.43 + 1.32, 69.45 + 1.94, 280.92 + 1.83, 299.14 + 2.04 pME %2

aminoguanidin (735.65 + 6.71 uM)2] °F 17vje} 108] 283 3w =9 71

oY

e gk oA €4S e Sl TE Pheophorbide a9} pheophytin ai= chlorophyll a2]

S| AHE- =2, pheophorbide at= Mg* 9} phytolo] #| A% & Ejo]al pheophytin at

A
O]

Mg ato]l A AE Hefoltt. o]= phytold] FAL A C-1779 A2 carboxyl
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group®] =7} HFFIbEo] A DA T8I TS Idve AS
4= 9lom, porphyrin ringT-E Ul B&Holeo EAVE HEGIE]
(o2
-

Aol 71olehs Aoz oAAN

4. Lens aldose reductase A FolAx= 22 pheophorbide aTto] JA|ZAS
el et A dlE=T?) quercetin (1.17 £ 0.17 puM)¥ H]WE S o,
pheophorbide a+ ICsy #k©] 1231 = 1.19 yM=Z HW 4 =2 A4S YeRhd
WA el pheophytin at™ A S-S UERHA skth v @G AdEjol A
Z7Fe ROS9 Aoz 13| toxic aldehyes®] AAo] F7Fskar, A E toxic
aldehydest™ aldose reductases Z/JSFA[ZITE Ao w2
phlorotannin®] aldose reductase A2 A= AHe ks 7]lsh
Aolgtal & #] gk} (Costantino et al., 1999; Lim et al., 2001; Kawanishi et al.,
2003). F7HA o2 3 71A €] porphyrin Al 8F8FE©] lens aldose reductaseS 37
HES] £ A3, protoporphyrin IX2} hemin®] ICs, #t-> ZH7}b 55.45 + 1.54, 101.33
+ 2.61 pM=Z YEFSTE HESH chlorophyll a ¢ hematine lens -aldose reductase®l]
sl AASAES vebbA] ekket S &El BW, porphyrinAl  3FgHE 9] lens
aldose reductase AA LA ol5 sFEo] 7[EAS® FEIEE porphyrin
ring T2 We] o]F Aol g Fiksty wiito] vEE Aol ofyef, C-17°
A1l phytyl groupe] F-Ae} Aol carboxyl groupe] EA17} lens aldose
reductase ] A| &0 T3 AstS 1= Fo = AlgHTh

5. YAluFE  MeOH®} CH,Cl, 12]3l acetoneSZ FZF3oto] A2 7}



£ pheophorbide a$} pheophytin a®] FHF= 43T HPLC

id

=
=

ot

Al

M
1%

Ay, BE FEEA 16.00 mind} 45.85 minol| pheophorbide a<}
pheophytin a2] peak”} WUEFSES ™, MeOH 5% & <] pheophorbide a®} pheophytin
a9l $rE 717} 031, 2.24 mg/gel™, CH.CL, FEE2 1.13, 13.74 mg/gl 2
UERk Tl B3 acetone FE =AM E 3.15, 42.59 mg/ge] SHIHS B, ol

FE® T acetone FE=°| VM w2 FRFE AdHs AoR dEhY

Ag xR vhAnte] d4kst G4 (Han er al, 2002), 3 &%) &4

(Okai et al., 1993), 343 &7 (Lee et al., 1999)%5 0] o] A 2] AFTES E3
o, gAntzRy Edd oy (laminarine)o] . d¢xzd &y}
(Chiu and Fung, 1997), ¢714F (alginic acid)®] &y fFalv|AES] S49A4 av
(Hidaka et al., 1986)8} d& e 2HE A8t (Kim et al., 2000), 8Fx4 2&
(Lee et al., 1996)°] B AT} T3k, tpFel S37ojvhe N3 A<

(Colliec et al., 1991; Nishino et al., 1989), & vlo]& X~ @3} (Licer al., 1995), &<F
a3} (Song et al., 2000; Shi et al, 2000), A ZH A (Wang et al., 1994; Wu et
al., 2004), 23} &3 (Li et al., 2002), A2 328 (Li et al., 1999; Li et
al., 2001), ¥ 2| A (Zvyagintseva et al., 2002), ¢ H & 28 (Shibata et al.,
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