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Antihypertensive Effect of Wakame Peptide
on Blood Pressure in Spontaneously Hypertensive Rats™'

Kunio Suetsuna™*?

We examined an angiotensin I-converting

, Keisei Mackawa*?, and Jiun-Rong Chen”

4

enzyme (ACE) inhibitory activity and

antihypertensive effect of the hot water extract of wakame Undaria pinnatifida. Ten dipeptides
were isolated from the extract by several steps of chromatography, and their amino acid se-
quence were Tyr-His, Lys-Trp, Lys-Tyr, Lys-Phe, Phe-Tyr, Val-Trp, Val-Phe, Ile-Tyr, Ile-Trp
and Val-Tyr. Both sigle oral administration and repeated oral administration of synthetic Ile-
Tyr, Phe-Tyr, Tyr-His and Lys-Tyr decreased significantly the blood pressure of spontaneously
hypertensive rats (SHR) when compared with before administration.
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2.1 bhodakimts LK UVACEERTF
FOEEE - FR

EREIEP T AERMRIcBWVWT, 1998F 1 A»56 A
K TRELLRREDP O E 2GR, BEL TR
BbhdE Lz, EROLLDEHMNLAEA, N1 v F—IT
DFTAy Va30FiBObLDIERE LIz, bhrHBHE
66.2 g A A vKR2IZMATEBLLE, BokHH
(93°C, 20min) U7z, $EIR, A—€¥ABLTELDLL
HBEOKMH A T40mi%E B F = — 7 (86inch, HEDTE
175, MR TEMED iy, BA 4+ K6 Ll
T 2 BB U 7oo BT/ Z TR L T500mli & L,
DowexbB0W(H ) A 5 & (¢ 4.5%X43cm) AR L 2,
A5 bERA A VKRTHEEFE, 2N NH,OH500m! TE
HU, BEBETT vE=72BE L CEMBKIOMIEE
7oo BRI 4 miETF0.1M Y YEBEREK (pHT.0) TE
#i1t. U 72SephadexG-254 5 & (¢ 2.3X140cm) WEFHIL,
#E30ml h, FE5FES.6mITHE L7, Sephadex
GABHS5s7a% 57 4 —%2BYELTRESEL
THRIRTF FES %, BEDowex50W (H') # 5 4
7a= 73574 — UTBEREEITOVEMER, ~7
F IR ER I, X7 F FOERR, FMBETNVTIvE
MG & L CLowryE ™ IC#E U TIT - o0

LERTF FHERICOWT, EREEI RN 5T 4 —
(HPLO) 2k 37 F FONEE « BRIET > oo RTF
NI 7Tmg#0.05% b U 7 L4 oBE#g (TFA) 7AH25 ul
WHEMBUHPLCIKEBR Lice # 5 & & L TDevelosil
ODS-5 (¢ 4.6X250mm, BFAILFHED ZHV, BEEK
ELTOBKTFABHEH» 5, 0.05%TFA %2 & T 25%
Teb=b Y (AcCN) BRANOBENEE (H;
1.0ml/ min, *ﬁﬂjﬁﬁ ; 220nm) TiT -, TOHPLC
XD BB LZ100@RIBOE -2 75 72 v FE2SE,
Bt iR U CACEMEEEE ISR, BHEomVE -7
KOWTHEHPLCL 7z, # 5 & & L T Asahipack
CG-320HQ (¢ 7.6x300mm, MEBETHED %, HEEE
1ZiE 5 BACCNEZEUOMMEFBR 7 v E = v 2B EH K
(pH6.8) ZHWVT, ¥#l.5ml min, BHEE215nmT
ACEHERTF FORBET - 120

2.2 ACEEHERTF FD7 I /EBEFIRE
ERTF RERK
HPLCTHEREEIL - ACEER7F FO T 3 / BS

frid, Bikic X 0 ERIMKS#E, PICO-TAG™ 7 3/
BotraT (Waterstt®) 2BV TiT>7, ACEHERT
FFOT I/ BREFE, HE)x F< vyoRIck DATTAR
Fus5 4 vy—2 v+ — (Applied Biosystem#lH)
ERWTHREL

ACEMERTF FOSRRBUTO X 2 iiT> %, T2
bbb, FERELTO7 I /B, AR T Applied
Biosystem#t % A\, ~7 F F B AR BEA0AR
(Applied Biosystemtt#) %M L CEREEIC L Z <7
F REKEIT> 7o EEEAEE LTRAF LYy YE=Z MR
YEVESEK (RYXFLVEE 27ooxFaufblic
Wig %AW, CRBRIOT I /BH 52 oo X F Vs
KRGS ®TRTF FiEEREE8 . 0B, CHi
TI/BE— T PV VR VE (¢—Bock) TREHE
ahfzt—BocT I/ BERAV L, RIT, TORTF FEE
BREA LY vOF A —NEFFTT =Y —UH S BRE
HicHEL, B (FB, 30min) %, KB T TTFA%
mz, ¥5wcE® (10min) Lk, COREWITH Y 71
AoxyvRuksyBREFTL, @ (FE, 30min) L
7218, EKkx—FAVEMA CERMETRS ETHEL,
Z OB EEK T — 7 VTHIEBEE L%, BIETTE
BLI, COXILTELNIRBHOAR<TF Fid
HKBKELBA Y/ —VIEBRLKE, THY S A
CAPCELL PAK SG-120 (¢ 10X250mm, &EAE=EHED)
EHVZZHPLCIC X D FESLL 72, A8 & L T0.06%TFA
WD 5, 0.06%TFA%E$25% AcCNTAER ~ DIRE Al
Btk »> T, F#4.0ml min, HE220nmTHRHL 72,
BRI ER L EHES 25 L, ChEBEEERET 3
CERE-THMWETEEHRTF F 2B,

2.3 ACEMEERHDAIE
Lieberman® FE#A2 B L2 LA S O FEY K# LT
Toto Thbb, ¥ v 7Ebul ic2.5mUACE
(v & FHd¥%, Sigmatt®) BEHK100u 2MA, 37C,
3HBBRE®R, 0AMNaCIZ&E L 0.1IM+ v BREEH K
(pH8.3) 1R L 7212.5mM Hippuryl-His-Leu (7" F
FEFERED BEEAKI00 4l ZMA, 87°C, 605 RIS &
#1tk, 0.5NHCI 250 ul ZMARIEEEIE L7z, X 5z,
Eelg — 7 V1.5mIE A &  BE:, #0528 (2,000rpm,
10min) L7, B = 5 VEL. 0mi% 08, ERFER,
1M NaCl 1.0mi%ZinA Ciaf L, ACEIC & 0 i#EREdS 25
RERE % 228nmOBOLE TRIE L 7eo ¥ v VIR T OB
ExEs, ¥ Y7 VRORD D CEBEREMA B O#E
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K te, ¥ v 7P NVEOACEREES (Co ) &, v~
VIR DBEEZLS S CHER (%) ZHIEL, HEZEHE0
% &R IR OREMERE TR LI,
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EREYE, HEEREBYLLEET L 0 ST AAS
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HIME (SBP) #5160mmHgll B¢, £8E280~330gD J v
P3LEIBHELTHVWA, EiL2. 2 TAKLL
Y 7F FLys-Tyr, Tyr-His, Ile-Tyr# & O'Phe-Tyr#%
0.9%EBEAIEK3mIcARL, €BHBYV v FE2AVT
BHEHRORE L/, BEEOKRS (60mg/ SHREEkg)
k aRERNEERRE LT, BE5H, #5%3,6,9,
12, 15, 18, 21, 24B X U2TRREI O NFEEAIME (SBP),
SEMmE (MBP) X OHEREIME (DBP) %, JFEEIM
NEYHEESIRMEREREE (UR-50008, v = 58I
D TRIE L, 351, EREOfE (10mg/SHR
KEkeg, 18D <X 2BEHNBEERRE LT, B5HI,
5% 1,2,3,4,5,6,7,8B8KXU9BEEME
& (SBP, MBP, DBP) %lllEEL 7z, HiflERE 5O
BLTTY, BohllEEoRSREMEEENL, 36
OIES SIEME (SBP, MBP, DBP) %2HHL, 3
HOEEIFEERE TR U, FETEELE LT, ®R5H
(ORI F 2 0:8) MEER LT, SFEEELREE
TEOEFBEZEIREZETVL, p<0.05, p<0.01THIE
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Fig. 1. Reverse-phase HPLC of wakame peptide
powder.
Column ; Develosil ODS-5 (0.46 X 25cm) .
Solvent system ; (&) 0.06% trifluoroacetic acid,
(b) 256% acetonitrile in 0.06% TFA. Linéar
gradient from (8) to (b) for 3 h.
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3.1 HhOBEKHMEBENSDACERRERT
F FD5EE - BE

#HHbr DM R6.2g% H VT, BokHil (93°C,
20min) L, #H7, DowexbQW(H™ YKE » P& 1T >
CERREDDILDRTF FERT.2g (BrR% o b AR
10.9%) %2187, X5, HWHHPLCIK & b ACEFHE~RT
FFrONHEE - B ET-o/LET A, Fig. 1850k
Table 1IC/RT10FEFH DO ACEHE Y <=7 F FZREIE L 7o,
203 BbACEEEREOE» - 72 lle-Tyr (ICwo & :
2.654M), Phe-Tyr (3.74uM), Tyr-His (5.1u4M) B
£ BLys-Tyr (7.74 M) &> WTSHRE AW - BERER
Z21T> 70

Table 1. Analytical data and ACE inhibitory activity of the isolated dipeptides by HPLC

Retention time (min)?* Dipeptide Amino acid ratio® ICsw (e MD®
13.8 Tyr-His Tyr 1.03, His 0.81 5.1
21.3 Lys-Phe Liys 0.85, Phe 1.12 28.3
24.3 ' Val-Tyr Val 1.27, Tyr 1.14 11.3
28.8 Lys-Tyr Lys 0.79, Tyr 1.08 7.74
30.0 Ile-Tyr Ile 1.26, Tyr 0.97 2.65
38.3 Phe-Tyr Phe 1.08, Tyr 1.16 3.74
40.9 Val-Trp Val 1.04, Trp 0.92 10.8
48.1 Lys-Trp Lys 0.87, Trp 0.99 0.8
50.3 Ile-Trp Ile 1.33, Trp 0.94 12.4
h2.4 Val-Phe Val 1.02, Phe 1.04 43.7

All amino acids were of L-configuration.
D Expressed from the results of HPLC (Fig.D).
2 Hydrolyzed with 6N HCI at 110°C for 24h.

3 The concentration inhibiting half activity of the ACE.
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Fig. 2. Effect of single oral administration of the synthetic peptides, Ile-Tyr, Phe-Tyr, Tyr-His and Lys-Tyr, on

the bood pressure of SHR.

Vertical bars represent the mean £ S.E. (n=3 per group). Significantly different from the blood pres-
sure before administration (*p<(0.05, * *p<C0.01). -[I- SBP (systolic blood pressure). -O- MBP (mean
blood pressure). -/\- DBP (diastolic blood pressure). :
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Fig. 3. Effect of repeated oral administration of the synthetic peptides, Ile-Tyr, Phe-Tyr, Tyr-His and Lys-Tyr,

on the bood pressure of SHR.

Vertical bars represent the mean &= S.E. (n=3 per group). Significantly different from the blood presure
before administration (*p<C0.05, * *p<C0.01). -[J- SBP (systolic blood pressure). -O- MBP (mean blood

pressure). -/\- DBP (diastolic blood pressure).

(Fig. 3o le-Tyrf¥5Tid, 1BREERERS%, SBPH
BEE25mmHg P40, Zo%Z oBESRIE 7EBEREV
720 Phe-Tyri&5 Tk, 1BMEGERSHE, H534mmHg
THo, zoBESHRIL6BEME TRV, Tyr-Hist 5
T, 1 EEEREER, RE3MmmHg T - 7248, 48
BTz OMEMIBEEL 72, Lys-Tyri5 i, 1BHEE
B 5%, SBPAZE26mmHg K250, £ 0tk 987k -
THIMFEEIXEEYY, BEMNREFRFR L, L, Lys
Tyri#5EOMBP% 6 CIicDBPIicBAL Tid, 1 ARERE®R
5%, 2 AR H cHE2mmHg % 5 i K& 20mmHg
MY, SBPEERRDEE ZRI - T,

4 £ =

INETOLIHBRT T FIET 2 —EHOHRIIBWVT,
EEHEOR, DhYERTYUHRLTELND T+ KD
%SP-SephadexC-25( H* YA 5 a2 u= b+ 757 4 —L
THOLNBSP-1HSH» 5, Ala-lle-Tyr-Lys (ICx H ;
213 uM), Tyr-Lys-Tyr-Tyr (64.2 4M), Lys-Phe-Tyr-
Gly (90.5uM), Tyr-Asn-Lys-Leu (21uM), Ala-Val-
Tyr-Gly (4.7uM), Tyr-Tyr-His (0.96 uM), Tyr-Tyr-
Phe (4.4uM) %, %7, SP-IIEAS > 5 Asp-Gly-Ala-
Pro-Pro-Pro (5.6 uM), Tle-Gly-Phe-Pro-Leu (7.3 4M),
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lle-His-Val-Pro-Pro (16.4 #M), Ile-Thr-Pro-Pro-Pro
(6.8 4M), Ile-His-Val-Pro-Asn (16.2 #M), Ala-Ile-
Leu-Pro-Pro (6.3 ¢ M), Val-Gly-Tyr-Pro-Pro (14.7
uM), Lys-Ala-Val-Pro-Gly (81.3¢M), Leu-Pro-Pro-
lle-Ala (8.7uM), Leu-Pro-lle-Ala (13.6 uM), Leu-
Pro-Val-Pro-Pro (3.9uM) Ex4,HHE - FAEL TE /"
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D, ZOFFWNSZFEL KBV, —F, Tho7
o 57— E5EN» 5850 5 ACERE <7 F F 0E|IY
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T F NOKREBISEERET T 2 BBV H >7eo £ITH
|, ©HDEUKHYIL» 5D ACEHE T 7 F 05 H -

BRERN UL T3, Fu77—EoRkL o EINRC
Bh, HOEERTFFELLTDACEBREY T F F %
ZLEUOPDRTF F 2B, SHEEREL EUERE
Moy NI EBLURTF RS %185 i 3Bkt
BEMESFIEES NS0, BE#E~<7F FEB3ENIK
BHERBEEEER 5,

Cheung et al.¥ i&, # W KF ¥ VEREIC Trp, Phe,
Tyris EOFERT 3 /B EPro%, i, 73/ EKEE
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ET2ZHRFRETH 5, 40, FEESMEDEFVE
BEYTH 5SHREH VT, HEHACEREEEOS, -
7zlle-Tyr, Phe-Tyr, Tyr-His® & ULys-TyrDMERT
e % # 720 lle-Tyr, Phe-Tyr, Tyr-His® B[E#5.5EE
T, ¥E5R3IFHTMEME (SBP, MBP, DBP) &
EZ2RL, Z0%, HReEEEMICS - 725, Lys-Tyr
#E5cik, REReKHMTMEOKEELZRL, 0K,
WaIEIE LIz, OB, ERZRGERICBVTHHE
BRoERER LKL, $48b5, lleTyr, PheTyr,
Tyr-HisD @ 5EBR T, #EFRE% 1 B/R cmEE

(SBP, MBP, DBP) W&E%E/RL, ZD%, #AicH
BEMITH > 7288, Lys-Tyri5 ¢k, %5 2:8MTlE
i (MBP, DBP) WHEERL, ZO%RIBEL-TH
BERIOMEME (SBP) ZEE L 7A - foo Lys-Tyrbhith
DACEME Y <75 F (le-Tyr, Phe-Tyr, Tyr-His)
WHANRTACEREEESEVIC b b 5T, in vivold
B BEELEL - &, TROBMERTEANKE
Mot WH T &, Lys-Tyrbiftho 3 BHEO ACEHE
VRFF FICHART, HEE 7o 77— EESED & v
A5,
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