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ACE

ATP

ADP

AMP

AAPH

AMVN

BHA

BHT

DMBA

DHA

EPA

HHL

angiotensin [-converting enzyme

adenosine 5’-triphosphate

adenosine 5’-diphosphate

adenosine 5’-monophosphate

2.2'-azobis (2-amidinopropane) dihydrochloride

2.2'-azobis (2,4-dimethylvaleronitrile)

3 (2)-t-butyl-4-hydroxyanisole

2,6-di-t-butylhydroxytoluene

2.4-dimethoxybenzaldehyde

docosahexaenoic acid

eicosapentaenoic acid

hippuryl-L-histidyl-L-leucine




HPLC

MW

NPG

SHR

TBA

TCA

high performance liquid chromatography

molecular weight

p-nitrophenyl- @ -D-glucopyranoside

spontaneously hypertensive rat

thiobarbituric acid

trichloroacetic acid
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Salmon muscle, intestine, and liver

or

Salmon head

Scallop gonad and digestive gland

Heat at 120 C

for 40 min.

Grind with » Tissues (10 g) <—

masscoloider
Add 5 volumes of distilled water

Homogenize with Polytron homogenizer

(9,000 rpm for 10 min)

Homogenates

Adjust to optimal pH

Add protease (50 mg) and incubate for 16 hr
Heat at 98 “C for 15 min

Centrifuge at 10,000 X g for 10 min

Supernatant

Filter with the filter paper under reduced
pressure

Digests

Fig. 1. Preparation procedure of various protease digests of

underutilized marine by-products.
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Table 1. Temperature and pH for protease digestion.

Protease Temperature (C) pH
XP-415 30 3.0
Biopurase SP-10 30 7.0
Papain 55 7.0
Denazym AP 40 7.0
Denapsin 2P 40 3.0

1.1.3  ACE [HEFE ORI
ACEMEFEMOBIEIL Y FMEFRDACEB I UNEE & L THHLZ W5
Cushman 5® 0D %% — K E L FETIT o7z Fig. 2iK7 FA T v 1L
BREBITHT HACEORIGZERT . ACEIZSRTFINHIVRFIRTFH
—VPTHD, GREE THDHHHLOL-E X F 2 > ONKumfll O & 2 Y L T
BREEZERET 5. L72h > T, ACEIEMEICH T % FHETE IS ERET 2 BRI
AHRET D EICLDFHET 2 Z EAATRETdH 5, Cushman 5D 5 ik T
BEL7-BREB AR T L, BT )L ZRREE, KICHEBMRL TE
BOCEERIET 50, OB I T NERGET 5 EBAENERD, #
RELTHIEBRERZEL S, £ T, AEBRTIIBREZ AT LRIV

ZHPLCIZHEL . BIREE/ZV Z 0Bt E R T 55172 Tz,
ACEFHZEE M OBIEL100 mM RIS b U AREE K (pH 8.3) . 300 mM
WAk B U LA, 100 mM RS B U D AREEK (pH8.3) TIwML

2.5mM HHL, 400 mM RIS U ™ AR (pH 8.3) TIEM# L 7210 mU/ml

i




(A)

Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu

Angiotensin I

ACE
» Asp-Arg-Val-Tyr-lle-His-Pro-Phe + His-Leu
Angiotensin II + dipeptide
(B)
] ]
C —Gly-His-Leu B C —Gly + His-Leu
ACE
Synthetic substrate Hippuric acid + dipeptide

Fig. 2. Degradation of angiotensin I and synthetic substrate by the

angiotensin I-converting enzyme from rabbit lung.

(A) Conversion reaction of angiotensin I to angiotensin II and dipeptide.

(B) Conversion reaction of synthetic substrate to hippuric acid and dipeptide.
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ACEB K IR KICTAM U - HIE R B 2 250 019 DN A 72 ROSER (45 200

wl) HT37C, 300577 KIGOE IR NERICT N HHEE 2200 11 1A
T -7, KB UBEICI00 I OFBTF IV EMA, L<EBRIiRESL
TR - BREAMT Uz, IR O10 0 1ZHPLCIZH L, BREOERZ

75 7z, HPLCIZ & % FBIREE D /34141 d Table 212777

Table 2. Conditions for HPLC of hippuric acid analysis.

Apparatus : Hitachi L-6200 intelligent pump, L-4250 UV-VIS detector,

and D-2000 integrator

Column - Inertsil ODS-2 (4.6 X250 mm, GL Science)

Mobile phase : 20 % acetonitrile-0.01 M potassium phosphate buffer (pH 2.8)
Flow rate : 1.0 ml/min

Temperature : 40°C

Detection : 226 nm

7=, HPLCHOMTIC BT 2 B IREE O REMERN IR & Fig. 31T/R 9, fEHfE L 7= S IR ER
BNSLUToRICLOEEEERZREH LU,

A-B
ACEHEEM (%) = X 100
A

=720, A BEREZE AN WREOWEHES REE R, B : FHEFSI 2L

RO IRER . C: 772 DBREE
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Fig. 3. Standard curve of hippuric acid and peak area for HPLC analysis.
Conditions for HPLC analysis were as follows : Mobile phase, 20 % acetonitrile in 0.01 M

potassium phosphate buffer (pH 2.8); flow rate, 1 ml/min; column temperature, 40 C;

detection, absorbance at 226 nm.
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L OHTr BEIOKRY THA OILEIEY THSHEAS L VAREERD 7 O
>7 — W) D ACERH EiE M % Table 312/R 9, MARDIEENT0 mg/ml &E78 %
EOICHBE LR OEEEEEZRIE L R, 7077 —EHE L 7ZakHI
WL TR E RTINS BWEEEEZTRT, ZOBRIIHEFK
NIRRT F RIZEDY NNV EMEEMTH LI EERRL TS, 512, H
WERBIO BN TE L OYrEEo 7057 —PHE I oMEo 7o 77
— P LD EVWEEEEERL, WTho7o7F7 —HIZL5HEY TS
60 %L EDOFEEEMZR LIz, BICEZF T T —ESP-10THEL L 725 D7389.6 %
FELBEVWHERENRZRLEZ. ZNS0BRIETOTFT Y —EOnREREIC
Lo TERTAERXTF ROBENERRD, ZOBEDEVPACEDQREFENEIC
KELEETHILERLTBD., ISICACEZRENICHETZRTF RO
FHEBREL TND,

KIZ, BROBWACEREREZ RL 2 O EEBO EF T 5 —HESP-103H
iz ONT, FOERSKEERG LIz, DR % Table 43 KX U Fig. 417w
9, 72720, pHB L NREICE T KR TIIHMEMDOREDS0 mg/ml &2 2 KD
CEREE L., 1IBEMEE LB DO W THEERZRIE Lz, TNHDOFERE
WETHE, pHT.0, 30CTHRRIHAE L 12BN RbEWHEEEEZRL
2o TNHDRERNS, AELUBOERTIE> O TEHEZES T 5 —ESP-

107 FVTpH 7.08 £ U30°C TSREEHEAL L 72 AT D W TR 2D 72,
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Table 4. Effect of pH and temperature on development of ACE-inhibitory
activity of chum salmon head with Biopurase SP-10.

Inhibition (%)
pH 7 8 9
Temperature (C)
30 40.4 38.5 35.3
40 38.5 37.7 372
50 374 37.0 il

ACE-inhibitory activity was measured in the medium containing 50 mg equivalent of protease
digests of crushed salmon head, 100 mM sodium borate buffer (pH 8.3), 300 mM NaCl,

2.5 mM HHL,10 mU/ml ACE for 30 min at 37 ‘C. Digestion of salmon head was carried out
for 1 hr.




100

Inhibition (%)

50 | | 1 1 1 - |

0 5 10 i 3 20 25
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Fig. 4. Effect of digestion time with Biopurase SP-10 on ACE-inhibitory
activity.

Digestion was performed using Biopurase SP-10 at pH 7 and 30°C. The ACE-inhibitory

activity of the digests was assayed at a concentration of 70 mg equivalent of tissue per ml.

Bars represent standard error deviations.
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2 OY 7RO EA T 5 —ESP- 10164 D KRN T DRIR Z H RFEE @& ML
Zw bk (SHR) IZHT5FEOLEICK DR LTz,

eSS WIRES

1.2.1 EER#Y)

O DSHRZ F ¥ — )V XU N—HAE () KD AFL. HKER360~400¢
DHDEERICHLZ, Ty ME. BEHVWSN L8 (CRF-1, Fv¥— )L XY
N—HZE (k) ) 252, RV VIV TRAZYDEZ SXETTRESD

FONBEEZ22.1C. 605 %IZHEL THEL =,

122 #FOFGEORAR

KOHs5RBOF-OO O TEHO EA T T —ESP-10{H/EIIFig. 1 & [F
BOHETHB L, 2L, YO EEOR—Z MZ2100gHAW, EX TS
—+'SP-10% 500 mg# I L T30C TSREEMEIAE L 7z, 72, RBRICHFESIIZARK
2E 5 I1CBES i@ (UK-108Y, 4rE5F 810,000, 7 BN T v ZTOYO (BR)
) WK OKBRIL, HEERL TROKEGHABIE Lz, 8. Falidods

EEHR DR T F RES (HP-fraction) &FFL 7z,
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1.2.3 #O%REG EMEDOHIE

S ERIL T v b EEEBED S > TICL SR O% 5B K OEFIRLER
FIENZHZ%, MEN180 mmHglA LIZ/2> TS EmL 7z, #OESIE
R R A KT L., VO TICEKD Ty MEEkgM /=02 g2 5L
Jz. MEIFISCTISAHH T v hERER. BEHT. 6. 24B I N168KFHIRICTE
iREIESR (PS-10048Y,  (BF) EEOFBHFE) 1T CUUHE S I E 2 BERRER T D]

(BE A7) HBICEXDBEE Lz, HRXD T v MIEEEKZE X, FERICML
FEZ2EE L7z, EOHEIEILI0 mmHgEANICEE L TS D B IZEFRIICSE]
T, BEfl &R 2 HIFR U T3 OEIE MO E Z G o EfE & U
7-o BOBESAETOMMHMEBEOREEZIAFT 2—TFT > M-RECITKD

i L7z,

fae P R INBE

Table 5127~ L 72kkIZ. HP-fractiond K OO BEEHR 5 6lRF ] £8 OO SHR O gy
MEFVWTNBIEEAERL LDz, TOHE. MEEEHRS T Y NETIE
168 IR IC BN T HMEICIE & A ERAITTRD > 722, HP-fractionfk 5 = v b
BETIL, 6FRefE 524K THI23 mmHgfK K L7z, F£/z. 168KFEIERICIL, HP-
fraction SEICB N TH IO MEMITRE > Tz, TS5 DFERN S, HP-
fractionlZ BB G I BN T H mIMEMGIER ZRT Z EAHLNERD, 2O
BEOHFICROKRGICE > TRILENHIERZE T2 XTF FOFEENRBE SN
2o TNETRABERY NIV EHKRDODACEHERT7F FRRAHEINTNS
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Table 5. Change in systolic blood pressure of SHR by oral administration of
HP-fraction.

Systolic blood pressure (mmHg) after administration

Sample \
0 6 24 168 (hr)

Water 208.7x2.6 208.1%x5.5 199.31x3.6 208.9%9.0

HP-fraction 200.6 5.0 204.81+9.4 177.2E£99* 200.8£9.2

Systolic blood pressure is shown as mean =% standard error measurement, n=5. Significant

difference from systolic blood pressure on 0 hr : 0.05 <p * <0.1.
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WS ENAEIMEMHEIRTTF R2HEFRE T 57O ICACERFHE N ZHEE &

LTCE&EI7O "I T 74— 2R HT

EEBITIE

1.3.1 BB R OHE

SOV EENS AL ZACEERTF RIEIH LR CELTH D, 7
FERAFHRA~N——31 > 2 VB (T YEKBHEHK, MW3,040) . Za—
o723 MW1,673) .« 750F=22 (MW 1,060) . O RTF > (MW
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133 JUOYFEEEO 4TS5 —SP-10H b D b2E 04y

KB I NRIIEIHEIT LD L=, By 2N ERIZT IV T — )R

EOREL-BERRICY O\ EHRERE (625) Z2RUTCHEMLZ. BN

By i 2 =Bk

KO3 L7,

1.3.4 73 JEEHRD T

7 2 B RIIER B A6 N HHEE-0.1 % 7 =/ —)LT110°C, 24RRN/K 7 fE L

., BERULETYI JBEE I IV FF VNI )L (PTC) LTz, PTCIL

L7=7 3/ BIIHPLCIZ

L0 Uiz, HPLC D/ M4 % Table 68 X NTIR

T, B, RUT R 77 TR EBIZ4M ALY 2 2 )i B THKD R L 7-1%

PTC/LL Tt L7z,

Table 6. Conditions for HPLC of PTC-amino acid analysis.

Apparatus

Column

Mobile phase A
Mobile phase B
Gradient program
Flow rate

Temperature

Detection

: Tosoh high pressure HPLC system (CCPD pump, UV-

8010, detector, CO-8010 column oven, and SC-8010

integrator)

: WS-PTC column (4.0 mm X250 mm, Wako Chem.)
: 6 % acetonitrile-0.06 M sodium acetate buffer (pH 6.0)

: 60 % acetonitrile-0.06 M sodium acetate buffer (pH 6.0)

: Gradient program was shown in Table 7

: 1.0 ml/min

- 40°C

: 254 nm
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Table 7. Input program of gradient control.

Time (min) Mobile phase
A (%) B (%)
0 100 0
7 90 10
20 30 70
25 0 100
30 100 0

1.3.5 72 BRI D0 HT
72 EBESNT. BEIT 051 22—~ U — (Model-473A%L, 7754 R

NAF I ATL) KKROLI

1.3.6 ACEHEXRTF ROKH

ACEZ[HE T 2R T F R 2 Hi THW/zHP-fractionZ /I O 75 7
£ =L THRE Lz, I7ab b, HEHE L /2HP-fractionZ Z& B /K IC A 7
#%. 7V AMRMHPLCIZ200 w1 D#EDIRL TARIL, BHMZIT-TZ. IT7L05
BRLEEDE 79D a2~ ED0 5ol UL /E: .
HP-fractionlZ & £ N5 X TF RO TRISEERTF RO E (REFHE
. Fig.5) & TEOBER (Fig.6) "HHEE L7, 7 IVABEBHPLCIZ K S FEH

&1 Table 812779,
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Absorbance at 215nm

MW: 1,060)
(MW: 494)
MW: 307)

(MW: 1,673)

z
é
3
i
m
g
=]
&
v

g Q
=8 g g
€z 5 2
SF 52
Z o ot 8
r—_j' / R \\\_/
g ’ : ' [ ‘ . . : —
¢ e 40 60
Time (min)

Fig. 5. Chromatogram of standard peptides on gel-filtration HPLC.
Gel-filtration HPLC was carried out using TSKgel G2500PWXL column (5 X 300mm)
with 45 % acetonitrile in 0.1% trifluoroacetic acid at a flow rate of 0.25 ml/min.
Absorbance at 215 nm was monitored. Arrows indicate the elution positions of

marker proteins.
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4.00

3.50 F @® < Insulin B-chain (3,040)
<4— Neurotensin (1,673)
> 3.00 F o Bradykinin (1,060)
=
o0 <«4— Leupeptin (494)
-
250 <4— Gluthatione (307)
2.00 F
1.50 L 1 L J
30 25 40 45 50

Retention time (min)

Fig. 6. Calibration plots of standard molecular weight makers on

gel filtration HPLC.
Gel filtration HPLC was carried out using TSK-gel G2500PWXL column (5 X300 mm)
with 45 % acetonitrile in 0.1 % trifluoroacetic acid at a flow rate of 0.25 ml/min.

Number in parentheses shows molecular weight.




Table 8. Conditions for gel-filtration HPLC.

Apparatus : Same apparatus as shown in Table 2

Column : TSK-gel G2500PWXL (5.0 X300 mm, Tosoh)
Mobile phase : 45 26 acetonitrile-0.1% trifluoroacetic acid
Flow rate : 0.25 ml/min

Temperature : Room temperature

Detection « 215 nm

TV AHEBHPLCTHE LR B HEEEEOSWEID 28D, EE F TR
%, 5121 F— kI JLODS Prep/] 7 s (6X500 mm, GLY1 LX) ZH
W, 10 %BELN70%7 = bUIL-0.05% N ZIIVAOBEBOY =7 75
> bk (307 ICKDWHHHPLCIZ K DB /=,

WAHHPLCIE TR L 7= BE MR B0 280D, BT T TRM%. 511
—bhIIVODS 20 5 L (4.8X250 mm, GLY 1L A) £20% 7= bhUJI
-10mMY Y B LREETR (pH2.8) DIRER % W/ ¥ HHPLCIZ &
DB L, ACEFHEXRTF REHREL /-,

1.3.7 ACEHFEXRTF ROHEFHMK

BREL 722 O R T F FOACEIZHN T HHFRANL, ACEEMICHT @4
REOHEE (HHL) BLUHEBEARTF ROREZHEF L. Lineweaver-Burk
By MZEDHREL /2,
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R SSRNOEE

> OY T EEN S EF T T —ESP-10{E{kIZ K o TH 5 117z HP-fraction(d 2 1
A SEERRREF00 g 5 DUNEDN6.25 g (INHK: 6.3 %) THo7z. T DHP-
fractionZ B2 [ LU 72 BICILE DT AT O 7o fR, B9 %MWY 2 N0E (RTF
R, 72 /8) RO THD. KOM14%SENTW/E (Table9) , & 5ITHP-
fractionD 27 X /BB OTICKD, TINVFI VB, 7Y 2BROT A/
FSEUENEERT I JBTHS I EHNREIN/ (Table 10) . —75. HP-
fraction®® ACERFHFTE HILIC, fET110 n gmlZ 7R L7z (Table 11) . & 5IZHP-
fractionZ B L. ACEfHEXRTF ROBEEZ A Az, T2 5, 5gDHP-
fraction 500 mlD AR /KICIEfE L. ODSKE (ODS-AQ120-S50. YMC k%) %
MA TR L /2. RIZ. BEIAEBL THIEZEINL 2%, IHX500 mlDZ
7K, 10, 30, 50BLN9 %X L¥ /—)VEERICE DN, SREEE K5 AiE
LTHREL TWERASEBRE L. BoNERELOBEREBEL K. B
iR (HBRERZHIET S EEDICACEREREZHIE L~ (Table 11)
ZTDRER, 50 %5/ —)VEsr (DE) NEbEmWHFEEZSRL, €0
IC fEIZ78 L g/mITH D, YNERIIHP-fractionD1.3 % Td > 7z,

= S IICFEED DT IVABHPLCZITH> & A, Fig. TW0R L72#RIC2EEH D/
SVWHOE—VINEERERT I L2RD, ZOESZERRLUZ. ZOESE
BHALED 59 TFEVBFK0EEOXRTF REHEINZ (Fig.6) . KEDZE

IS ICHFEHPLCIZEE L TRHEXR T F REHBEEL =, TO#E. Fig. 8IcRL =

BRI, 7O—FRRE—IRMFonc), HbHEEFELROSVEZE Y




Table 9. Chemical composition of cooked salmon head and HP-fraction.

Proteins
Moisture ~ + peptides, Fat Ash
Sample + amino acids
(%) (%) (%0) (%0)
Cooked salmon head 72.1 125 10.6 3.7
HP-fraction* 4.6 93.9 ND 1.4

Cooked chum salmon head is the crushed by masscolloider after heated with
autoclave at 120 °C for 40 min. * Freeze dried sample. ND: not detected.




Table 10. Amino acid content of HP-fraction.
Amino acid Content (mg/g)
Aspartic acid 64.6
Glutamic acid 104.0
Serine 40.5
Glycine 91.6
Threonine 31.5
Alanine bl
Proline 44 .4
Tyrosine 19.7
Valine 25.1
Methionine 20
Cystine 4.0
[soleucine 193
Leucine 51.4
Phenylalanine 25.8
Histidine 15.6
Arginine 47.4
Lysine 54.6
Total 127.3

HP-fraction is used as in Table 9.

Amino acid contents were determined as described in " Materials and Methods".




Table 11. Yields and ACE-inhibitory activity of fractions.
; Lyophilized powder .

Fraction weiphd e Yield (%) 1Cso (1L g/ml)
HP-fraction 6.25 100.0 110
A-fraction 5.30 84.8 180
B-fraction 0.25 4.0 82
C-fraction 0.58 9.3 100
D-fraction 0.08 12 78
E-fraction trace - -

A-, B-, C-, D- and E-fraction were obtained by elution with H,0, 10, 30, 50 and 99 % ethanol,

respectively, on batchwise ODS chromatography of HP-fraction.
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Fig. 7. Gelfiltration chromatography of Fraction D.
Fraction D was prepared as described in Table 11. A bar indicates
the most active fraction. Eluting solution: 45 % acetonitrile in 0.1 %
trifluoroacetic acid. Flow rate: 0.25 ml / min. Absorbance at 215 nm

was monitored. Arrows indicate the elution positions of marker proteins.
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Absorbance at 215nm

Concentration of acetonitrile (%)
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Fig. 8. Separation of ACE-inhibitory peptides from Fraction D by HPLC.
The fraction with the highest ACE-inhibitory activity indicated in Fig. 7 was purified on
Inertsil ODS-prep by linear gradient of 10 — 70 % acetonitrile in 0.05 % trifluoroacetic acid.

Flow rate was 2 ml/min. Bars indicate the fraction (P1 and P2) with high ACE-inhibitory
activitity,
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VB T38-43 % DO&EFIZ2ME > (P1&EP2) MNESNZ, ZIE2DDIEMHHE

NEE SICHMEHPLC TR E L ZHER. PLE3S. RIISH TSI y—TRE—S
FLUTHEHL, TNFnHEETE~ Fig9) . TNHEOXRTFROTY I/ BHE
AT L7z#ER (Table 12) . PHEZ U > &AMV OA 2 2032 1OE)VHKL
HERL., £, RETANSFCRENI T 77 2081 10FBIVERILE
Rz, 6. 72/ BESORTNS, ZNH62DRTF RIidGly-Ile-Gly
BLURAsp-Trp TH D Z EDIRE Nz, TNEDRTF ROACEREE I,

IC_ETZENTNTIBLNIBZuMTH 57 (Table 13) o KiT. TNHDRTF

ROENCHEEEZRT I EZ2HRT 57201, XTFR2EERL. £
N5 DACEZEFREZHIE L. TORE. SRR TF RIEBELZRTFR
FREREIC, BEKENICHEEEEZRL, 2h50IC, bEFERCEERLE
(Figs. 10, 11) o LAEDO#ERNS, HEEL 22 NTNOXRTF FIZ LD T
J BECF DD I ENKRFE N,

AFTHEEL - XTF RO S BAsp-TrpOHEEMSE (IC =13uM) E Z
NETIKHBEINTVLIERY NV EHRDODACEHERTF RORNTH R
WHEDTHo7z. THIT, TNETOHETCRWI M I T hT 7 22HTS
RTF R (Leu-TrpB L Wle-Lys-Trp) DO EIZL D invivo TEEVEHZH
TEHZENREINTNBIN?, ARTF RHRRICERNIZB W TREEEH
WEEEESELTWS2bDEEZ SN,

KRIZ, P1ERRD 2 DORTF ROBEERRICDNT, GRARTF RZHNWT
Bat L7z, ACEFEMEICHT 5 R TF ROZE % Lineweaver-Burk 7 1w MI XD

BRatL., FO#EE%Fig. 128 X UFig. 131" F . € DHERILGly-Tle-GlyB LN
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Table 12. Amino acid composition of peptides P1 and P2.

[solated fraction Amino acid composition (molar ratio)
P1-peptide Gly : lle=2.01:0.98
P2-peptide Asp: Trip=1.02:1.05

Amino acid composition was determined as described in "Materials and Methods".

Peptides were hydrolyzed with 6 M HC1-0.1 % phenol at 110 “C for 24 hr. Tryptophan
was analyzed after digestion of the peptide with 4 M methane sulfonic acid.




Table 13. Amino acid sequence and ACE-inhibitory activity of
P1-peptide and P2-peptide.

Peptide Amino acid sequence [Cso (U M)
P1 Gly-Ile-Gly 730
P2 Asp-Trp 13
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Fig. 10. Dose-response curve of P1-peptide on ACE-inhibitory

activity.
ACE- inhibitory activity was measured at 37 “C in a mixture containing 100 mM borate
buffer (pH 8.3), 300 mM NaCl, 2.5 mM HHL, 10 mU/ml ACE and various concentrations
of P1-peptide or synthesized Gly-Ile-Gly in a total volume of 200 w L.

—O— Synthetic peptide —&— Pl -peptide
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Fig. 11. Dose-response curve of P2-peptide on ACE-inhibitory
activity.
ACE-inhibitory activity was measured as in Fig. 10.

—O— Synthetic peptide =~ —@— P2-peptide
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0.6 0.8

[ Substrate concentration (mM) |

Fig. 12. Effect of Gly-Ile-Gly on Lineweaver-Burk plots of ACE.

ACE activity was measured under the same conditions in Figs.10 and 11.

Synthesized peptide, Gly-Ile-Gly, was used for the assay.
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Fig. 13. Effect of Asp-Trp on Lineweaver-Burk plots of ACE.

ACE activity was measured as in Fig. 12 . Synthesized peptide, Asp-Trp,
was used for the assay.
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ml/m’ BiETAHAHDTH S,
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EX/B L UNEFRZH A LU THP-fractionZ &7 L T 5 R OACEHEEEDZE
{ftZ Table 141Z7R 9, THUIK D & BFF A LZHP-fractiontd D72 < &34
ARNSIE & A ERFBRENEL LR - 20, 2K E A L 7=HP-fraction T BH
5 MM ACE EEHMNME N T A EAARD 5Nz, DI &S, HP-fraction
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HDHNITHEFEA EOHHICK2BEFKRICKVBEREOEMEERL., 5
TSI K o TR RIS R S 2V T LR WRER N 2 8 3 2 S BN

HBHEEZALNS,
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Table 14. Change in ACE-inhibitory activity of HP-fraction during storage.

ICs, (mg/ml)
Storage time (month)
Alir-packed N,-packed
0 0.23
1 0.23 0.23
2 0.27 0.26
3 0.35 0.26

HP-fraction was stored at 20 “C in the dark.
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Chum salmon spermary tissue

Homogenize with 3 vol. of 50 mM sodium
phosphate buffer (pH7.4) at 8,500 rpm for 3 min

Homogenate

Centrifuge at 10,000 X g for 15 min

Supernatant

Filter through 4 layers of cheese cloth

Water-soluble fraction
(Whole-fraction)

|

Dialyze with cellulose Filter through UK-10
mem brane tube mem brane
(12000440003 ot (Cut size, MW 10,000)
2 hrat 4°C v i
Inner solution Filtrate
High molecular weight fraction Low molecular weight fraction
(HMW-fraction) (LMW-fraction)

Fig. 14. Preparation of LMW- and HMW-fractions from chum salmon

spermary tissue.
All procedures were carried out below 4°C.
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Fig. 15. Effects of water-soluble fractions on lipid peroxide

production.
Peroxide produced by autooxidation was measured at pH 7.4 and 37°C ina
medium of 50 mM sodium phosphate buffer (pH 7.4), 2.5 mg/ml emulsified
sardine triacylglycerol in the presence of 10% of either water-soluble fraction
(Whole fraction), LM W-fraction or HMW-fraction. Measurement of peroxide
were performed as described in " Materials and Method ". Autooxidation of
the emulsion was performed in the dark at room temperature. Bars represent
standard error deviations.

—8— Control —a— Whole-fraction

—e— LMW-fraction —e— HMW-fraction
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( TBA-reactive substances produced )
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Fig. 16. Effects of water-soluble fractions on the production of

TBA-reactive substances.
TBA-reactive substances produced by non-catalytic autooxidation were
measured in the same medium as in Fig. 15, except for the wavelenth of the
absorbance (see " Materials and Methods"). Bars represent standard error
deviations. Symbols are as in Fig. 15.

59




PRUOEDTEID & BITEBRCY O ERPIH E N TN 2 KD ITELNZN,

TBAMEZ 7.2 E ARG LB L TR L T o7z, ZRUTHL T, Ko
FHEMTEEREY B L OTBAE & HICKERE(ITRBD NN o7z, Kz,
$-7 AD)NE EBREFERE FCRBTFAAM UM NI 7V U 0=V OBIEDKE
FIIFig 171TR L 72#kIT, KiHES B L A& FES & BT, BIESZ (2
ETHEDITEDNZ. LAL, B FEs 3R & XT54~80 %6 HZ
OEALZIH Lz, ZNSORERN S, KO FHES S EEEELD K Rl
FIE PO F THBLEEZE T2 2 EnRD 5N,

60




0.40 r

0.35

0.30

0.25

0.20

0.15

Absorbance at 532nm
(TBA-reactive substances produced)

0.10

0.05

0.00 * ; A A
0 50 100 150

Reaction time (min)

Fig. 17. Effects of water-soluble fractions on the catalytic production

of TBA-reactive substances.

TBA-reactive substances produced by catalytic oxidation was performed as in Fig. 16,
except for the presence of 15 u M ferric chloride and 100 u M ascorbic acid.

Bars represent standard error deviations. Symbols are the same as in Fig. 15.
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CHs CH,

(A)
CI'N*H, C C N== N C C = gNCr
Azo group
NH, CH, CH, NH,
AAPH
8
CH, s o CH,
CH, i CH, C N st Y C CH,CHCH,
Azo group I
CN CN NH,
AMYVN
(B)
Heat
A—— N=—=N A p N+ A-+A-
AAPH or AMVN Carbon-centered radicals

A-+0, —» AO,"
Peroxyl radicals (abstract H)

Fig. 18. Radical generation model from AAPH and AMVN as a source of water-
or lipid-soluble peroxyl radicals.

(A) Chemical structure of AAPH and AMVN

(B) Radical generation model

AAPH is a water-soluble radical generator. On heating, it forms carbon-centered radicals that
can react swiftly with O, to yield peroxyl radicals capable of abstracting hydrogen from

mem brane lipids. AMVN is a lipid-soluble azo initiators, containing more highly hydrophobic
groups. These Azo initiators have been much used in studies of antioxidants.
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Fig. 19. Inhibition of catalytic oxidation of triacylglycerol by
LMW-fraction.

Catalytic oxidation was performed at 37°C for 90 min using 15 u M ferric chloride-
100 w M ascorbic acid, 2 mM AAPH or 2 mM AMVN as a catalysis in an assay

medium consisting of 50 mM sodium phosphate buffer (pH 7.4) and 2.5 mg/ml
emulsified sardine triacylglycerol. Bars represent standard error deviations.

Catalysis : § ferric chloride plus ascorbate
Bl AAPH
B AMVN
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Fig. 20. Effects of the LMW-fraction on iron-catalyzed oxidation

of triacylglycerol as a function of pH.
Catalytic oxidation was performed using 15 u M ferric chloride-100 u M ascorbic acid

in an assay medium consisting of 50 mM sodium phosphate buffer, 2.5 mg/ml
emulsified sardine triacylglycerol and 0.25 % LM W-fraction. Oxidation was performed
at 37 C for 120 min. Bars represent standard error deviations.

—e— Control —e— LMW-fraction
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Fig. 21. Effect of the LMW-fraction on AAPH-catalyzed oxidation of
triacylglycerol as a function of pH.

Catalytic oxidation was performed at 37 C for 120 min in an assay medium consisting of 50 mM

sodium phosphate buffer, 2.5 mg/ml emulsified sardine triacylglycerol and 10 % LMW-fraction in

the presence of 2.0 mM AAPH . Symbols are as in Fig. 20. Bars represent standard error

deviations.
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Table 15. Conditions for HPLC of polyamine analysis.

Apparatus : Hitachi L-6200 intelligent pump, 1.-4250 UV-VIS detector,
and D-2000 integrator

Column - ODS-2 column (4.6 X250 mm, GL Science)
Mobile phase . A, 55 % methanol; B, 88 % methanol

Elution condition : Linear gradient of mobile phase A and B (20 min)

Flow rate : 1.1 ml/min
Temperature : Room temperature
Detection : 258 nm
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Table 16. Conditions for HPLC of nucleotide and its related compounds analyses.

Apparatus and column : Same apparatus and column as shown in Table 15

Mobile phase : 50mM potassium phosphate buffer (pH 6.0)
Flow rate : 1.0 ml/min

Temperature : Room temperature

Detection : 254 nm

Table 17. Conditions for HPLC of carnosine and anserine analyses.

Apparatus and column : Same apparatus and column as shown in Table 15

Mobile phase . A, 10 %6 methanol/ 300 mM sodium acetate buffer

(pH 5.5) ; B, 80 % methanol/300 mM sodium acetate

buffer (pHS.5)

Gradient program : Gradient program was shown in Table 18
Flow rate : 1.5 ml/min

Temperature S LIE

Detection : excitation at 310 nm, emission at 375 nm

Table 18. Input program of gradient control.

Time (min) Mobile phase
A (%) B (%)
0 90 10
5 80 20
25 70 30
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Table 19. Content of various components in the LMW-fraction of chum
salmon spermary tissue.

Content mg / ml LMW-fraction
Solid 5.6%+0.3
Ash 1.7%£0.1

g / ml LMW-fraction

Spermine 3530333
Putrescine 137 2.9
Spermidine ND
Reduced Glutathione 10.2:4-0.3
Hypoxanthine 49.5%10.1
Xanthine 20.3% 4.8
Uric acid ND
ATP ND
ADP ND
AMP ND
Anserine ND
Carnosine ND

ND: not detected.
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Fig. 22. Inhibitory activity of various chemical components in LMW-fraction
on catalytic oxidation of triacylglycerol.

Catalytic oxidation was performed at 37°C for 90 min using 15 u M ferric chloride and 100 uM

ascorbic acid in an assay medium consisting of 50 mM sodium phosphate buffer (pH 7.4) and 2.5

mg/ml emulsified sardine triacylglycerol. Each chemical component was used at the
concentration equivalent to that found in 0.25 % LMW-fraction as follows.

Spermine: 0.88 w g/ml, Putrescine: 0.034 w g/ml, Hypoxanthine: 0.12 u g/ml, Xanthine: 0.051
i g/ml, reduced glutathione: 0.025 w g/ml. Bars represent standard error deviations.

H Spermine Putrescine
Hypoxanthine Xanthine
[ Glutathione Combination

0.25 % LM W-fraction
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Table 20. Free amino acid composition of the LMW-fraction
of chum salmon spermary tissue.

Amino acid Weight*(mg/100 ml LMW-fraction)
Aspartic acid 1.0
Glutamic acid 6.7
Serine 3.8
Glycine 43.8
Threonine 11.5
Alanine 549
Proline 3.8
Tyrosine 12.9
Valine 4.6
Methionine 2.4
Cystine 03
[soleucine 22
Leucine 27
Phenylalanine 1.3
Histidine 13.7
Arginine 126.6
Lysine 1.3

Total 244.7

Amino acid composition was determined as described in "Materials and
Methods".
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Table 21. Changes in amino acid composition in the LMW-fraction
by HCI-hydrolysis.

Weight (mg/100 ml LMW-fraction)

Amino acid

Before hydrolysis After hydrolysis
Aspartic acid 1.0 2.6
Glutamic acid 6.7 25.3
Serine 3.8 8.6
Glycine 43.8 85.9
Threonine Lo 13.6
Alanine 5.9 F o
Proline 3, g
Tyrosine 12.9 18.6
Valine 4.6 S
Methionine 2.4 1.8
Cystine 0.5 1.0
I[soleucine 2.2 2.1
Leucine 2.7 2.8
Phenylalanine 1.3 Ll
Histidine 13.7 129
Arginine 126.6 VLT
Lysine 1.3 303
Total 244.7 376.1

Amino acid composition was determined as in Table 20.
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Fig. 24. Inhibitory activity of LMW-fraction before and after

HCI hydrolysis against oxidation of triacylglycerol.
Acid-hydrolysis was performed with 6 M HCI-0.1 % phenol for 24 hr at 110°C.
Catalytic oxidation was performed at 37 ‘C for 90 min using 15 1 M ferric chloride
plus 100 u M ascorbic acid or 2.0 mM AAPH in an assay medium consisting of

0.25 % LMW-fraction, 50 mM sodium phosphate buffer (pH 7.4) and 2.5 mg/ml
emulsified sardine triacylglycerol . Bars represent standard error deviations.

Catalysis : [ Ferric chloride plus ascorbic acid

0 AAPH
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ZEZHbN 5,

31




FIE RFHBENS O a-7)VaT ¥ —EHEFRD DHEZR

& i B b -0 ] 1R H

RETEIRMAMEENS a-7)V AT —FHERITZHRR L. TOMHEMERS

DRIE ZFfT-o 77,

FIE RAHMmRMEY O -7 a7 —EHEFERD ORR

AH T, I FOICALHEER F TRILE 115 RKH Hs 5B RHEKO

@-7) AT —FOERZHET 2D ZHRR L7,

KRR

3.1.1  FlBRB K OGAE

KFHEEE LT, EE=alfnE TR EINZBEETHAL 127

(Pelvetia babingtonii de Toni) . 7 7 A (FEisenia bicyclis) . 25T 5

(Sargassum fulvellum) . A3 A (Costaria costata) . ¥LBEBETHH1 Y LT
& (Symphyocladia latiuscula Yamada) . IV / X% (Chondrus yendoi Yamada
et Mikami) D6FEZE Wz, WERITERINBRES IEIR T (5C) THRAL. Kk
L7=IC-80°C THR L /=,

BER} (Saccharomyces cerevisiage) H¥ -7 )V A —EBXUNHEEE L TH

W/ENPGIE, X EDBALRE, TOMORAIKITIEHREH W,
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3.1.2  BHFERRA R OGRS

HAE Uo7 2R CHMBHREBIC L%, MivIL. SEEDS0 %X AY / —
IWKEERZMATARY b0 « RED T H—I2 K D 8,000[E]#x T15 lfgkh: L
/2o RIT, 10,000 X g TLO RO BEZITY. 6312 HiFZE AH (No. 5B)
THMBL7z. AWIIEE T TEMEE Lz, BELEHAEZ50 % A% 7 —)LK

TR B U CEBRICA L 72,

3.1.3 EdHFa-ZIIVaT Y —FOHEEHEOHIE

B o-7)L a5 —COHEBEEDOHEIEIL. Watanabe 5 DK ITHEL
Tfio7z. I72abb,. BERH*K -7/ a 4 —+ (70 Units/mg) &, 10 u g/ml
(0.7 Units/ml) 12725 K S51C50 mM Y VB D AfRER (pH7.3) ICEMEL
7o HEONPGIZS mMIZ/2 5 EDI1I250mM Y EEAH U U LAREER (pH 7.3) IZ
AR L7z, BEEEOHEIEIT6/NT I 707 L — M a-Z)aAT 5 —FEKI0
w1B L OHIEREI D50 % A 5/ —)V KSR, 723 HEEEE L TD50 % A
5 ) —)LIKEEIR 50 1% A$17=#8. NPGIARZI0uIARL, YL —hIFH—
THEREBLZHE, 37CTSOMRBE T . Kb, B 707 L —hk
J—%— (MP-100#, OO0+ &EBEX) ICLD45mTORAEZHIEL. ATFD
RICKVEEREZEH Lz, £/, HEEHOUKIZ -7)V O F—E%E50
%HET S EEZORE (IC,) TV, BEGHEHEBR> AR OEEER) 5K
OIE,

A-B

HER (%)= X 100




A:50% A% J—)LKIEIRZE ANT-Br O WYEE, B : HERD RE 2 AN -
D B

B K OEL

OFE DIGEEIN 5737250 % A5 J — )VHIHEIC D W TEEREISR @ -/ )L 25—
VHEEEZHIE LR, B8EOT I ABIRIY 1 27 OMtMICiBE
IKERR R EIEENRD 537z (Fig.25) « BT A T D50 % A5 ) —)b
MY THRWHEE.E 2B L. £DIC X, 6.414gmiTH->7z (Table
22) » ZOMEEBREIIEHROBHRBEMERD ¢-7)V 35 —EHERS &I
BLTHDMOTRVWDDTH D, FHRBHEERD OFEENHFF SN, £,
KBEVK-RAY /) — ) RHVARIC & 2 i pR S O BHETE M & Lkt L 7= 4%
. Fig. 26 £Fig. 27 IR L /2RRICW T NOHIHEY b £ CIREKRGFR /2 HEE %
R L7z, #iCTable 2312R LERRIC, 70 % A%/ — )Vl R RV HE
WEE (IC, =53ugml) ZRUE, ZOMELSUBDOERTIE, 70 % A5/

— VKB = R & U THW
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Fig. 25. Dose-response curves of inhibitory activity of 50 % aqueous methanol-
extracts from Alame (A) and Ezoishige (B) against yeast « -glucosidase.

85




Table 22. Inhibitory activity of 50 % aqueous methanol-
extracts against yeast « -glucosidase.

Sample ICsy (1 g/ml)
Alame 250.0
Sujime ND
Ezoishige 6.4
Hondawara ND
[somurasaki ND
Ezotunomata ND

ND: not detected.
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Table 23. Inhibitory activity of water- and aqueous methanol-extracts
from Ezoishige against yeast « -glucosidase .

Solvents

[Cso (1 g/ml)

Distilled water

10 % methanol

30 % methanol

50 % methanol

70 % methanol

99 % methanol

598.8

107.2

6.5

6.4

9.3
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BT VAT HEMOS Y ha-Z)ai Y —FIicT AEEEE

AEH TR, BRO -7V —FiTH L TROHEEEEZRLIEZY 1 >
TD70 % ALY —IUERIZONT Ty MNED a-7)L A5 =R T 5
[HEEEZREF L. v MNBD -7 )2 —Fid<IVb—ABLORY
H—AZZTNTNEHEET LN —EEEBIVAT T —EEEERHELZ

N, INHOIEBICHT YA T OEEEERICODWTERR L,

ES S Wikrs

321 ARt B K UGAEE
FRERRDEHIBIE EFERIC T 1 2T D570 % ALY J — VKRR 2
Ti1o7me Yy MNBOT 2R NRNDF—IET VI DEBAL. 105800.1
MY LA CEEEER (pH6.0) ZMMA. 17HOBERLEZ3EREDIRL
#%. 3,000[E8: T30 M OBl TN EIEEMEBERKE L THW .
BERIRIZA 7 5 —VIEMICIZER., <)Ly —EEEICI4EFRLZb0%H
Wiz, EEELTHWERAZO—ABLUNTIV b—XiE, FHEHN0.IM T LA
CEEREER (pH 6.0) TS500 mMIZ/2 5 KD ICHEM L THWE, ZI)Va— X HIE
Fw bk (FIIVD—=ZACH-TABTI—) FREHE BR) LOBALLZ, T

DR IIBIET EFRO DD ZEH N,
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322 v MNBD a-ZI)Va sy —EiEHOHEIE

7y MNBED a-7) A —EIEEB LT 7 Y O R ETE O H#
Elid, BESOHEPICHEL Tiroiz, $habb. HEEEOBEIEIIHEERY
100 1], FEERIR 100 1B ETN0IM Y L1 U EEFEER (pH 6.0) 700 1 1% iR ER
BIZANRE LR, o-7)ai ¥ —HEERIK 100 112 2 T37°CT6043fH
KInZEfT-> 7z, I, 2M b1 A-X LA > B-KEE(LT b U D LB (pH
74) Z1miMA TERKGZFEIEEEZ, RKINKN 520 w1208 L, HREL 72
TINVA—RZETIND—ABIEFy MTEXOFEAL., 505 nmTORAEZHIEL
2o BONTEHRNENSUFORICIOEEERHZEH L, 28, ITXTOD
MR —EBFRBERL—ERHTIToTWA I &G, BEEOE{EEITZTD
FEBRNEEICHHITEEER, TEENSEEAR L, £z, BRR
BTERLEIINI—AZEET 5HARITE /NI —AFFF—EBIUNR
WFAFIF—ERFENTHBD., INSOBEENHERBHIL > THEINS
et 2 EZE L. BBLUBICRIEAETHIEL THEL .

FHEFEEOHKII -7V a5 —FE0BHEET S EEORE (IC,) TfT

W, BETEBIOELEERN 5RO,

I A~A"SBF B-HE) }

FREEE (%) = X 100
A

A:HIERBIZMATIC -7 AT —ERIBET S I2ROWNE

A BIERBEINAT -7 ATy —ERIBET > IEBROWNE

B: ¢-Z)VaTF—ERIGEFTHT. BERDABZMATIT—EED V)
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d—RAZHRML, Z)La—RBIEZET> ORI E
B: a-Z)VaATF—ERINITHT, HER R E—EEBEDI I I—X %

&L, ZIva—AHEZfT - LR OWEE

i e B K B E

IVAITTI0%AY ) —IHEMDO A 55—, )IVF—EDOWma-27)La>
T —YFOEEEEZHEE LR, WTNOBERICH L THRBEKRERNICHE
fEMEZ-RL  (Figs. 28,29) . HIC EIZENTN284B K V2.24 mgmlTH - 7z
(Table 24) . ZOFERMSE, TV A T HEKTO % AY /—)LVHEY T ICHFE
5 a-7)V AT —EHERMIBERBERD ¢-7)V A5 —FZ2HET 57
TR, Iy MNBHERD -V AT Y —EEBEETAHIENHLSNE
I2olz. BREBMERD -7V 35—V OHRERSICET 2#HEIL. BERH
KD a-7) AT F =BT HEBEEZREG L2 DNL 0, /NEHK
D a-ZIATH—FIIHTHHIRITIFZEAERFT TN TR, BFFEIZBWN
TIVJA T HEDTO % AY ) —)VIHYISEERERD o -7V a2 5 —E72
FTi<, Sy MNBHEKD ¢-Z ) aAT S —FICH L THEEEEEE TS

EMS. B hOBEATO 7)) 3 — ARNEEEHIC X 2 M EFHhR
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Fig. 28. Dose-response curve of inhibitory activity of 70 % aqueous
methanol-extracts from Ezoishige against sucrase activity
of rat small intestine.




100

Inhibition (%)
hn
2

30

20

10

L

| L . |

5

10 15 20

Concentration of extracts

(mg/ml)

Fig. 29. Dose-response curve of inhibitory activity of 70 % aqueous
methanol-extracts from Ezoishige against maltase activity
of rat small intestine.
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Table 24. Inhibitory activity of 70 % methanol-extracts from Ezoishige
against « -glucosidase of rat small intestine.

« -glucosidase 1Cs, (mg/ml)
Maltase 2.84
Sucrase 2.24
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I Ty MEARMRBRICE S -7V a vy —EHERS O Mg bR F
H

— MR 7R BE R IR D 2 W D 72 D ITIIREARTIC K % B & IMBE O RERi AR AT
HNTWD, LA-> T, B - FMEIER 283 2855 T
. Ty M AR OMamRBRAEEH NSNS, £IT, AHTET v
NNBHR -7 a2 —YHEEEEET LI AT D0 % AY /=)
HMEICDNWT Ty b OBEARRERIC K 5 i - A HHEIERORH 21T o 72,

EERITIE

3.1 FHEBIOEHE

(O8]

A BLIORKIBIHFHEFBEODOEH W, BB, a-F)VaTy—tH

ERSVIERE LS D% 1,000 mg/mliZ 725 KD ITEEKICHOBL THW,

332 EMBLUEFRA

TEEOWistarRE S v MIHEAT ATV — (BR) KDBAL. TREAFL
T, —REBICRENRSNEN DO ERIRL THA L7z, ERFAMKED
Fv NOEREIZI63~191 g TH D, EBEE (SAMRA MY Y, HAERET
¥) LAKIZEHICGA T, AFRETIFHEETBIOERMFEZELC, EE 22
+3°C, BE 50+£20 %, MEEA 12K, HKEEI3~17E/MHEORE FTA T >~
L ZBLA[E S v & (1,790 W X470 DX 1,650 Hmm) 1[Z#E L7 X5 L A&

2E A — DIZERINE L 72,
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333 Ty hAOROKS

—RAERLZZT v bRV, T—F)VEREE R TEEIREL 0 /XU 2 RInE
I2#90.5 mIERIfL 27y, g2 @ U, ol 2 80E Uz, mEEEA119 ~ 147
mg/100mIDHPHD Z v b24DLZERI L, J@plEEEREICE D, B L
ORABRBEO2HIC Tz, MBETIET v MLY% /ZDICA Y O— X500 mg/kg
. B CTIEA 7 0 —R500 mgkgs a-7 )V A —FHEERS RS LZ
RREY T X OROBE L-, 2B, a-ZNaT Y —FPHERSOKSGE
($1,000 mg/fAREkg & Lz, OGN 515, 30, 608 X201 SEEHR &

D $90.5 mlIEEIL L 7=,

3.3.4  MEEMEOEIE

BRELL 7= igh & a0l ., £omEEs /)L a3 —XfEFy hEH
THIE L/, BoNEEEN SR TOEEERLIVESEREZZEH L, &
HE L RBRBEROAEEIL. FREICLVESEEOREZTV. E0HOE
G, StudentOHREIZK D . AFEPHDHZEIL, Aspin-Welch DRRE %

To7m. BEKEZ GERERI %BLN0.1 X%ELTE,

it e K ONEE

SEREET Y MIIEEL TR O—R %, EZEaBRE T Y MTEA70—X

LA Tt ERORG L, SENICIEEZIELZ. TORR,

Fig. 301778 L 7= Bk IC KRR EE TII R S 157 R IIX2 BT BEEN 5 L 7=2A%, 30
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FEEO ERIRESN T, A7 00— AFG58#15~305> 8 O F s i Bl 2 %930
mg/100mIF2E A BEICHHIL /2. = 512305 AR S IEEE O L7 I3RS 5k
Mo 72N, 607 ARSI IR S RIBRICHER L7z, ZORENS, T 1 7l
HIERE D FICB W T s ERGERE T 2 ABRICHE 2R a-7)1 0
D —EFHERDMNEEL TWSEZENRBEINE, £k ERICHAVWES v
b ORBIIRGE2UAFHFRICBNTHESENBE I NNV &6, 2D
RAMNIDIRS EHBBHEBEREZETHADBDOTIIRNEEZEZ S, BREMELT

ERMNARFETE =,
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Effect of 70 % aqueous methanol-extracts from
Ezoishige on blood glucose levels after administration
to rats.

Rats were administered 500 mg sucrose and 1,000 mg extracts per kg of body
weight. Significant difference from glucose levels on the corresponding control
- *p <0.01 ,**P <0.001. Bars represent standard error deviations.

—&— Sucrose —O—Sucrose + extracts
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342 @B /ORI ST 4 —ICLB0H

VAT De- 73y —ERERTOBB/ O T 574 —12L550
frid. AFORICITo 2. T3bb, U T )IL#ER (Kieselgel 60 F254, A
W o%t) TEKORSZDEEL. 50 %Wk, FI)V /) —IVIRER, 7 A—)VAB K
UDMBAREIC K DBRH U7z, DMBAREEIE, 24-PA MFI RV TE
R2 gZEEE100 mliCIENL7=2B D (AMR) &SHEEE16 mlZ BEEE 100 mIZAD L

H0 (B #1:1 (viv) OFEIEGTIESG L THELZ",

3.4.3 %7 DREIGEEET
BB /- DRSS, BRI b E (NMR Spectrometer JEOL JNM-

FX90Q, HAEZET () ) ICX DMLz, HIEREIZIIERASY ) —)V&. N
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HHEIEICITT P T AFILT T (TMS) ZHWNW .

344 P TEOHENE

N TROUEIIHBEL 12Rn 27 tF L L 7z%. 7 IVEBHPLCIEIZ KD
To7. T35, BBELZMR2100mgic BV 221 ml & #EKEEEE2 mlZ N
Z. BIRLENS60C TORHRGE X B2, 0%, KINEAY & BT ER L
THEEBEEZREL, T EF I eRlz. INZ202mgmlil/zsd L2157 b
SEROT7 7 TR, TD20 1% )NEBEHPLCICHE L 7z, 7 )VRIFEHPLC
IZ K25 ff & Table 251087, 728, HTROEEHEL TR AFL >

RV, TORERZFig 3117,

Table 25. Conditions for gel-permeation HPLC.

Column : TSK-gel G5000H6 (7.5 mm X300 mm, Tosoh)

Mobile phase : Tetrahydrofuran
Flow rate : 1.0 ml/min
Detection : 254 nm

Temperature : Room temperature

345 JLERMT

KFEEKFEOOPHIICHN O —F— (MT-38L, Hi4) ZFERAL. #He2ER
SIRPTREES B T BILRFEBIVKE L, EEACRINS T TEOHERER
N SR 2 HETIT> 72 (Pregik) 7. Eio, BB O HTILEARHE B L 77

L. FBEEA A DIREBIC LU TDIONEXA A > 270X b TS5 7 A5 L (MT-5
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Fig. 31. Relationship between molecular weight of TSK standard
polystyrene and retention time on TSK-gel G5000 HPLC.
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IVA T Da-7)vaT 5 —EHERS OEEITFig. 32ICH> TiTo /. T
BHH. 13kgDEIRT YA 2T MU L7z, SEEDT0OBAY /) — VKB
WEREL. |R THUARLRHE ZTT-> 72, KRS ZRBRICULE L T2kt %
fTo 7. LRI L ORI K 2 T T NEEEN L T LRt % £9338
g E2XRH K298 g Z {570, RICURMEY 2 /KITEEE L. ZHUTHERR T )L
EATRIAEMEE Y 2/ Uz, BT F )V EKREET N o A THKL
FZBICIEIRME U CHEBR T )L Rl EI D EA-1 24572, KBIET DX XBER
i L COKEHETW-12R7, £z, 2REEMITO N T B RIROEBIEZTTV,
HEEE T 5 )L nl iR R BT EA-2 E KB W22 Rz, /RO NZR{ESTD T v b
NG @-7) 32— T AEEEE T ENEN2.5B L 5.0 mg/mld
BETHEL. TOHRZTable 2612777, TR, NI —EBLULXY
T —HIzRd BEEEMEIIE Y W- 1B X UOW-2K D ESTEA-1 EEA2ICWT NS
BWHENR 5172, BEISEA-1B X UEA-2 TIXMmBER ICH T A HEEMEICWT
NHIFEALEENRD SNRD > TEBNNEIZEA2QD T NE N> Tz, £ Z THEHY
EA2ICDWTE HICHEEZT T,

EA-2[#4) 23.62 gZ& 7 O ORIV AT S R[EHDEWICK D 2EZTTN,

7 O OR)V AR E S 3.47 g& 7 00KV ARENE S 201 g257-, W

DEIUATIVEREI O ST ST 4 =TT o Z#REFig 331CR 7,
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Dried samples

Extract with 70% aqueous methanol at
room temperature for 1 week.

i l

Residue Extract (1st extract)

Extract with 70% methanol at
room temperature for 1 week.
Extract (2nd extract)

Extract with ethylacetate ——
h 4

Water-soluble Ethyl acetate-soluble Water-soluble  Ethyl acetate-soluble
W-2 EA-2 W-1 EA-1
l <4— Extract with chloroform

Chloroform-soluble fraction Chloroform-insoluble fraction

Cellul ose column chromatography

A 4
if | I I I
Ethyl acetate Ethyl acetate/acetone Acetone Methanol ’
: ! . - H,O elution
elution elution elution elution %
Fl, F2 F3, 4 FS, 6 F7, 8, 11 F9, 10

F-W

v

Ethyl acetate-soluble Water-soluble
EA-3 W-3

Fig. 32. Purification procedures for « -glucosidase inhibitor from Ezoishige.

Bold letters represents the fractions showing the highest inhibitory activity against rat small
intestinal « -glucosidase.
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Table 26. Maltase- and sucrase-inhibitory activity of fractions obtained from
70 % aqueous methanol-extracts of Ezoishige by solvent partitioning.

[nhibition (%)
Fraction Concentration (mg/ml)
Maltase Sucrase
EA-1 5.0 83.3 100.0
2:8 43.7 100.0
W-1 5.0 0.6 7.4
2.5 3.2 ND
EA-2 5.0 93.6 100.0
29 84.4 95.2
W-2 5.0 15.3 68.0
2.3 4.7 25.0

ND: not detected.
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Chloroform-insoluble -
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o M e e S s D
Gr Re Gr Re Re Re Bl
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Fig. 33. Thin layer chromatogram of the chloroform-soluble and

insoluble fractions.
Thin-layer chromatography was carried out using a developing solvent of n-
buthanol : acetic acid : water =4 : 1 : 2(v/v/v)

e

-)

: Spotvisualized with DMBA reagent.

: Spotvisualized with 50 % sulfuric acid reagent.

Spot colors : Bl , blue ; Re, red; and Gr, green.

Spotvisualized with Azure A reagent.
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Table 27. Maltase-inhibitory activity of fractions obtained from the chloroform-
insoluble fraction by cellulose column chromatography.

Fraction Developing solution (v/v) Solution volume (ml) Weight (mg) Inhibitory activity (%o)

F-1 Ethyl acetate 1000 47.4 ND
20
F-2 Ethyl acetate 1000 5.4 ND
F3 Ethyl acetate / acetone 1000 10
=1/1 NT
P4 ?th};l acetate / acetone 1000 47
=4 ND
F-5 Acetone 1000 12.1 ND
F-6 Acetone 1000 32.8 ND
F-7 Methanol 1000 70:7 ND
. 5]
F-8 Methanol 1000 622.7 ND
F-9 Water 1000 878.3 70.4
F-10 Water 1000 493.0 "
T30
F-11 Methanol 500 86.3 8.6

Sample weight: 2.6232 g. Sample concentration of the assay was performed at 1.0 mg/ml. ND: not

detected. NT: not tested.
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Fig. 34. Thin layer chromatogram of the fractions obtained from the
chloroform-insoluble fraction by cellulose column chromatography.
Devel oping solvent is as shown in Fig. 33.

i

O
@

Spotvisualized with 50 % sulfuric acid reagent.
Abbreviations of spot colors are designated as
follows : Bl , blue ; Re, red ; P, purple, and Y, yellow.

Spot visualized with Azure A reagent.

: Spot visualized with DMBA reagent.
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EBIVTLEMTZIT 2 7,
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Fig. 391C/R 9. ZDEIDDERT D FRIZE — 7 O&RFFRFE &Fig. 31ITR L

REEAERRER N S . 14000 HEE SNz, /2. LR OBERN S, HISW-
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Table 28. Maltase-inhibitory activity of EA-3 and W-3 obtained from

FW-fraction by partitioning between ethyl acetate and water.

Fraction Concentration (mg/ml) Inhibitory activity (%)
EA-3 1.0 87.6
0.5 70.5
0.3 22.4
0.1 ND
W-3 1.0 90.0
0.5 33.6
0.3 195
0.1 ND

FW means the fraction pooled of F-9 and F-10 shown in Table 27. ND: not detected
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Fig. 35. Thin layer chromatogram of Fraction EA-3 and Fraction W-3.

Developing solvent is as shown in Fig. 33.

C : Spot visualized with Azure A reagent.

: Spot visualized with DMBA reagent.
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Fig. 39. Gel permeation HPLC ch romatogram of acetylated component
of Fraction W-3.
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E5ET TN A A EDW-3D o-2) 3y —FRERMS & EFAEIER

AEHTIE, TV T DERBRELEEZW-3 (OoOy >22) O a-7)b3
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Fig. 40. Inhibitory activity of Fraction W-3 and authentic

phloroglucinol against rat intestinal @ -glucosidase
activity.

—&— Fraction W-3 against maltase-activity

—O— Fraction W-3 against sucrase-activity

—&— Phloroglucinol against maltase-activity

—O— Phloroglucinol against sucrase-activity
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Fig. 41. Effect of Fraction W-3 on blood glucose levels after

administration to rats.
Rats were administered 500 mg sucrose and 300 mg Fraction W-3 per kg of body
weight. Significant difference from glucose levels on the corresponding control, *p <

0.05. Bars represent standard deviations.
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