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Evaluation of Taste and Hypoglycemic Activities of Phenylalanine
Derivatives by Introducing Various Organic Compounds
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Koji TApASA, Kouichi UcHIYAMA and Hiroyuki IKEBE

Division of Bio-organic Chemistry, Department of Bioscience and
Biotechnology, Faculty of Agriculture, Shinshu University

Alcohols and amines were introduced into the carboxyl terminal of L-or D-
phenylalanine. Further various organic acids were introduced into amino terminal. The
taste and hypoglycemic activity of the products were evaluated. Perilloyl-Phe-OH,
perilloyl-D-Phe-OH and cumminoyl-D-Phe-OH had strong bitterness. Perilloyl-Phe-
OMe, Z-Val-Gly-OH and Boc-Phe-D-glucosamine slightly elevated the glucose level in
the rat blood.

(Jour. Fac. Agric. Shinshu Univ. 28 : 23-33, 1991)
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Perilloyl-Phe-OMe, Z-Val-Gly-OH J 0 Boc-Phe-D-Glucosamine O W35 &, L
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BEEERER &, B U TERLU AR S EFEREL L VIR RFEETE 2 X 5 s,
MTEnzBEMTHY, EEEEMORM Z2SHEIZB W TEM BHEKRT 2HENE FHE Tk
SNTBY, ZOHEFDLEIEL T0EY, YHRFEICBLTY, [Eha)—, K5aEA
THWEORFE], [7 vy 7 vy EEREERE I X 2 e k2% SRR 2 A E»
5, WEEMRMBEM ZERT LM ETTRoTEBY, BTHT I VBOEHTF NEHELE,
BOTT VY, BIZY VMO FERS Th % Perilla aldehyde OFEER 2L E L,
SR OFR B HE DI 2T o TE 2299,

Balr, BROFFRBISEET O Shinkai » 4%, D&® Phenylalanine (: D-Phe X W&E) ON

/)\
H H
N CO:zH 4 N COH
% X
O

N-Cyclohexylcarbonyl-D-Phe N-Perilloyl-D-Phe

1 Shinkai iz & 0 58\ MFEEIHIRIE S b 5 & s S
N-Cyclohexylcarbonyl-D-Phe & Perillic acid %3 A L 7~
N-Perilloyl-D-Phe

R\é(f\} COuH \n/ 1{

R hmsc £ M Rs
Rz : 7ha—- i N/
R, : 75> y \n/ H

3 P FPIEH
M (73 /ENKRES

2 &O&HE L7z Phenylalanine 054k
Phenylalanine ¢ N1 ’ﬁ%@%%ﬁfix (#6)
Phenylalanine ® CHglc 7V a—iv, 73 U 2EA (f5)
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U2, Cyclohexylcarbonyl £ % & A L 721b&%), N-(Cyclohexylcarbonyl-D-Phe-OH %3
in vivo T2/ D 58 W I EITHZIR 2~ 3 LG L7299, ZOMRREFT THEEH LIz WD
i, HEBROGHRY > vz, ¥ Vs> Th 5 Perilla aldehyde ORI TH %
Perillic acid #& A L 7z55%{4&, N-(Perilloyl)-D-Phe-OH [N-(4-isopropenyl-1-cyclo-
hexenylcarbonyl)-D-Phe-OH] 23& N THE Y, ZDLEY S HLlHI5E > ITURE{E T 5] 20 52
PETZ EHESINTWSETHE, (K1)

ZZTHRRIE, PRTLroOWMRESE 2T, ZOMEENHAEEGEEYE T 21LEY
DBEFHBR TS £ L bz, DIE, LAEDOPhe DCIIZT VI —VBIUO7 S %, TR
TIVBEIURTF REETHALLT Fu—2 (2) 2EEL, Ths0hEERYZ2E50
TEKRRBE K U in vivo TOEBEFERAR Z1T2V, HEOLREBRE 21755 I Lz,
(B2)

T CR—EDIECIE, BOBE T v M OMFEEZINH T 2EEE2RHBL B, Z
DOWFFE TS SIEWIEEEZE T 2HULEME AL, kE»D, To DEWRAREZITR
v, BOHRZE T 2WETHND, HEERMEM L L TrRVERE DL D EH R
5N 5,

MBS UHE

(1) Phe O N#E~NDEEEEDE A Perillic acid i, Nippon Terpene Chemical #! Peril-
la aldehyde % AgNO,#{ L CTFHEIL 72, K 3 i Perilloyl-D-Phe-OH D& 2T,
AR &%, XEOIC L7z 5> T N-Hydroxysuccinimide [HOSu] % Dicyclohexyl
carbodiimide [DCC] THBEBIZHEAL, ZOEMZATMICT VA )V BUEETICTT7 =
ZNVT TZURFNVERAT VEER S TSGR, AT NVIATVvET AL TERY =15
720

7Fu—27 & LT, Perillic acid ®E#&% Cumminic acid, Phenylacetic acid, Vanillic
acid [4-Hydroxy-3-methoxy-benzoic acid], trans Cinnamic acid, Ferulic acid [4-
Hydroxy-3-methoxy-trans cinnamic acid] % CIZESHAZ - b DEEK LTz, EXNLE
R, M4IRT, 7hua—0FKE, BEOEStozwiz, HOSu Db D ic
Hydroxybenzotriazol [HOBt] Zw7z, o OE#EEEIZ S CHIKOERE Z Wz,

R-COOH Phenylalanine
Perilla aldehyde Phenylalanine _

i |

AgNO; t H Me
/[OKI—COO0H H—t—0Me onmuwm

DCC/HOSu e ﬂMe

FUAY Y AL | TAUT e
OH : 0K

Me:Methyl

4 Perillic acid Dot DFHERE
3 Perilloyl- Phenylalnine & & k&% 70— 7 DR
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Valine Glycine Phenylalanine
7——0H H——0Me
WSCD/HOBt
7 OMe
FIAUSY L
A OH H——0Me
WSCD/HOBt
7 OMe
FTIAYY 4L
7 OH

Z:benzyloxycarbonyl-

5 Benzyloxycarbonyl- Val-Gly- Phe-OH @& R E:

25z, BEEBORDLIZ, Y~<7F K Valinyl-Glycine [Val-Gly] ZEA L7z, &
B2 5 1R, Val-Gly OF A2 iE, HRGEOMEHLDIz0I1Z, DCCD»b Y Iil-
Ethyl-3-(3’dimethylaminopropyl) carbodiimide ¥t [WSCD. HCI] % Hw7z,
PIEDEET, DED 20T LAED Phe 2EOREEIC b D33@EHDOY > IV a2 B, &
B Loz 3 112 % £ ® 5%, Thin Layer Chromatography [TLC] ORI,
Merck #! TLC aluminum sheets slicagel 60 -, 2O EEG (T CMA & CME)
ZRAWTRERML, 3 vHRFEMEICTRIELZRDI,
Rf;, CHCl;: CH,0H: CH,COOH =85:15:2 [CMA]
Rf, CHCI;: CH;0H : CH;COOC,Hs;=95: 5:3 [CME]
Ao RIEICIE, *H, B*C NMR, IR A7 hvZEHWz,

(2 Phe ®CHgADT I DEAN 7 3 Vs LT, D-Glucosamine #EH A L7277
O— 7 B2ER LT, ERRIESERYIZHE > T Isobutylchloroformate [IBCF] 7% v 7z {BEESE
K [MA ] % vz, D-Glucosamine 13, HEALE THEBOEMIEZBEA L THW
77 738, Phe D Nu#iE, t-Butoxycarbonyl # [Boc] TH## L, D-Glucosamine & {54
%, PRREREPER LI IEERBETRo %,

(3) Phe D CHEANTILA—ILNDEA 7NV T —)LEKS & LT, Cumminol Z A\, T
AT IWVEADETIVRIGE LTz, HEE 121, Carbodiimidazol [CDI] % w7z,
7B, G8EE LT, (a) Cumminoyl-D-Phe-OH (b) Benzyloxycarbonyl-D-Phe-O-Cum-
minate [Z-D-Phe-O-Cumminate] O&Z L TIZRT,

EERDEB
(a) Cumminoyl-D-Phe-OH
@ Methanol 100ml i, K¥g ETHE#L %535 SOCI, 26.0ml (100mmol) % F L 7%,
0°C T1043#&#: L, D-Phe 16.50g (100mmol) ZhNZ CTER T—HBHEL 1z, KIGIK % 5K
FEvsHE U CBHA A VIREY 2157-, T % Methanol/ether % TH#SL S ® T, AR
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#1 AR I LOYIHEHE

37 w OH % TR OEEIC) RG/RE OIGK(%) %
1 Perilloyl- Phe-OH 313.39 — 0.60/0.40  40.5  WEETREE
2 Perilloyl-, Phe-OH 313.39 108-110 0.60/0.40  80.2 HE R
3 Cumminoyl- Phe-OBzl 401.49 83-85 0.99/0.95  54.8 SRR
4 Cumminoyl-Phe-OMe 325.39 92-94 0.95/0.94  59.0 HEmR
5 Cumminoyl-Phe-OH 311.37 126-128 0.68/0.54 62.0 H o i
6 Cumminoyl-,Phe-OB,1 401.49 91-93 0.98/0.87  54.1 Htu R
7 Cumminoyl-pPhe-OMe 325.39  106-108 0.96/0.84  55.0 HE R
8 Cumminyl-, Phe-OH 311.37 126-128 0.70/0.44  88.0 H & i
9 Phenylacetyl- Phe-OMe  297.34 93-94 0.78/0.76  65.0 SRR ES
10 Phenylacetyl- Phe-OH 283.32 137-138 0.54/0.33  82.3 HEd R
11 Phenylacetyl-,Phe-OMe  297.34 87-88 0.79/0.76  67.2 H R
12 Phenylacetyl-,Phe-OH 283.32 118-119 0.54/0.33  62.9  HE¥HK
13 Vanilloyl- Phe-OBzl 405.44  99-102 0.90/0.72  63.8  ZFEHMERK
14 Vanilloyl- Hhe-OMe 329.34  136-138 0.74/0.55  47.3  ZEUER
15 Vanilloyl- Phe-OH 315.32  114-116 0.35/0.15  55.5  Z&(usR
16 Vanilloyl-, Phe-OBzl 405.44 118-120 0.90/0.72  75.9  FfER
17 Vanilloyl-,Phe-OMe 329.34 134-137 0.74/0.55  80.9 MK
18 Vanilloyl-,Phe-OH 315.32 58-60 0.35/0.15  58.6 A
19 t-Cinnamoyl- Phe-OMe 309.35 97-98 0.91/0.86  74.0 HEmER
19 t-Cinnamoyl- Phe-OH 290.33  165-166 0.50/0.30  77.4  HER
21 t-Cinnamoyl-, Phe-OHe 309.35 93-94 0.91/0.86  72.0 H &R
22 t-Cinnamoyl-, Phe-OH 295.33  157-158 0.50/0.30  70.6  HfuK
23 Feruloyl- Phe-OMe 355.37 160-161 0.74/0.45  52.3 HBk R
24 Feruloyl- Phe-OH 341.35 74-77 0.43/0.15  37.1  HEEMOHEK
25 Feruloyl-,Phe-OMe 355.37 78-79 0.74/0.45  79.4 [SEEHER IS
2 Feruloyl-,Phe-OH 341.35 80-82 0.43/0.15  37.7  wEHMTHE
27 Z- Val-Gly- Phe-OMe 469.52 124-125 0.79/0.26  70.7  HHRK
28 Z- Val-Gly- Phe-OH 455.50  165-167 0.49/0.04  57.8 HE R
29 Z- Val-Gly-pPhe-OMe 469.52  165-166 0.79/0.26  70.7  ZUR
30 Z- Val-Gly-,Phe-OH 455.50 93-99 0.45/0.44  63.7  HTEK
31 Boc- Phe-pGlucosamise  426.50 — 0.80/0.75 91.8  HLE¥HFR
32 Z- Phe-O-Cumminate 431.52 54-56 0.90/0.83 65.3 H R
33 Z- ,Phe-O-Cumminate 431.52 45-47 0.90/0.83  67.4 HEu R

Me: Methyl Bzl: Benzyl Z: Benzyloxycarbonyl

KD D-Phe X F 1 A FIVIERESHE %157,

IN396.0%

® Cumminic acid 1.64g (10mmol) % Tetrahydrofuran 50ml IZ{EfE L, KB ETCHEEE
L7556 HOBt 1.35¢ (10mmol), DCC 2.06g (10mmol) #i1z0°C T 1 KfE##e, D-
Phe X )= X 7 12.16g (10mmol), Triethylamine 1.40ml (10mmol) %0z <, 0°C
T2, R TMBHEL 7o, RISH 2 O U O 2 JREEHE U CEAA A VRO %
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B7-, 2% Ethyl acetate IZ¥sf#E L, f3F1 NaHCO,/KEW, 2N HCI, fufilifaiEik coei
#, MK Na,SO, %Nz THIEEL, DWW ZBERML CEHA A VIRBRK G, Tk
Ethyl actate/n-hexane 2 THEFES L T, HEHFIRO Cumminoyl-D-Phe Methyl ester %
37z, INEE55.0%

® @oEY1.63g (bmmol) % Methanol 50ml L, KA ETEHHIL 25, IN
NaOH 5.5ml (1.2eq.) %Wz T, 0°C T 1K, R T L /oo SRS = HE R L
T Methanol 27 U7z, Z8HK50ml 2002 C, ether TH¥EL 7z, KEH]KIZ55% Citric
acid KEW Nz ¢, pH2WEHEiL, Ethyl acetate T, 10% Citric acid, fIfli&iE
KTHH L7z, K Na,SO, 2Nz CHzlEts, DR EBIEREGE L GEA A VMIROBRRE %15
720 Z#% Ethyl acetate/n-hexane 2 CHES L T, BOHKEE,

WL D 1.37 UK 1 88.0% il © 126—128°C

R f @ (Rf;/Rf,) 0.70/0.44

I R : -COOH 1740, 3300-3000cm~!, -CONH- 1640cm™, ©- 700, 750cm™*

NMR : CDCl,4

'H:01.25 [6H,d, (C*H,),CH-], ¢2.98 [1H,7, (CH,).C*H-], ¢3.30 [2H,m,>CH -
C*H,-©], ¢5.09 [1H,q,-CONHC*H<, ¢6.71 [1H,d,-CO-N*H-], ¢9.22 [1H,s,-
C*OOH], ¢7.60-7.28 [9H,m,O-, O]

1BC:623.74 [(C*H;),CH -], ¢34.15 [(CH;),C*H -], ¢37.33 [©-C*H,- CH{],
053.70 [-CONH-C*H<], 6130.90 [©O- 1], ¢135.76 [<O-CONH- 1], ¢126.61-129.50
54 [©-2,3,4,5,6 (34) -©-2,3,5,6 (24)], 0135.76 [-O-CONH- 4], ¢153.46 [-O
-CONH-], ¢167.86 [-C*ONH-], ¢175.00 [-C*OOH]

(b) Z-D-Phe-O-Cumminate

@ D-Phe 16.52g (100mmol) %, 4N NaOH 25.0ml (100mmol) Zkix ETEHIL a3
5 L, Z i, Benzyloxycarbonylchloride [Z - Cl] & 4N NaOH 30.0ml (120
mmol) ZZXAICHFH T L7z, WK %E0C T 1K, R T—BuE#: L, Ether T¥E#, 6N
HCl T pH2IZ#BI L 72, Z O¥W % Ethyl acetate THiH L, 2N HCl, faf1 NaCl KB
TUedE, BAKNa,SO, THEEL, MWEREEEL CEWRA A VIRER 2B, 2%
Ethyl acetate/n-Hexane 32 THEfEMN & ¥ THEMHARD Z-D-Phe-OH %157z, INZK80.8%
@ Z-D-Phe-OH 2.99g (10mmol) %47k Tetrahydrofuran 20ml IZ¥EfEL, XK ETH
HIL7zs % CDI 1.62g (10mmol) 20z, 0°C T 1K f#B#HRL -z, ZDOE#KRIZ, Cumminol
1.50g (10mmol) % ffsK Tetrahydrofuran 20ml I2¥EfES ¥ ThNZz, 0°C T 8 BffE, ZER T
A8FFEIERE U 7o NIRRT & T B HEE:, R Ethyl acetate i1z THEL, 10%
Citric acid AR, fOF1 NaHCO, /K%K, faflgiEkic T¥d L7z, 2N %K Na,SO,
2 TR, 2 BTG L CHAaER 257, 2% Ethyl acetate/n-Hexane THfE
L, BEEERL CHTRE RS,

UG 2,91 8 UK 1 67.4% Rillfi45-47°C

R f : (Rf./Rf,) 0.90/0.83

I R : -OCONH- 3300, 1680cm™, -COOCH,- 1750cm™!, -CH(CH,), 1385cm™, ©-
700, 750cm™!
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NMR : CDCl,

'H:61.25 [6H,d, (C*H,),CH-], ¢2.91 [1H,7, (CH,),C*H-], 63.09 [2H,d,>CH -
C*H,~©], ¢4.68 [1H,q,~-CONHC*H<], ¢5.00 [4H,m,-O-C*H,-©O-, ©-C*H,-0CO
-1, 65.20 [1H,d,-OCON*H-], 66.98-7.50 [14H,m, Aromatic ©-CH,-CH<(5H), ©
-CH,0CO- (5H), -CH,~O-CH<(4H)]

12C 1 ¢23.90 [(C*H,),CH -], ¢33.92 [(CH,),C*H -], ¢38.15 [© - C*H,- CH<],
654.80 [-CONH-C*H<], 666.95 [©-C*H,0CO-], 667.23 [-O-C*H,-O-], 6126.67-
129.34 84K [©-CH,-O- 2/6,3/5,4 (3&) ©-CH< 2/6,3/5,4 (34&) -©O-CH< 2/6,3/
5 (24)], 6130.63 [© - CH,- CH<], ¢132.41 [©-CH,-0-, ¢135.54 [-©*- CH{!],
6149.40 [-*©O-CH<], ¢15.59 [-OC*ONH-], ¢171.33 [-C*OO-]

EREER

SEEGH LTz &Y > iz onwT, Ishibashi 5D FEIICHE > - BHRRB 21T R >0 T
Tbhbt, BEELEZ 3 AHAEL, ZhZBORE2EEKTREVZRE, #EBY >~ 71 10mg
(E» & 1HEE) 28D, HIKEAT, B, T, HIK, FEK, 54, FEHRH VI
RN DOUWRE &, 38, F, FOWBEICOWTY V7P IVOKRETHIL 72, EWRBREY > 7
WEREHL, OFFEES EWLOIEERREY 22 LB T, 2BORKREZFE L 72,

MFEAEHNEIZNR D EIREMEEAER

#£2 BEY VIO ERKER DR
# > 7 ) No. R = BREREE* ¥ > 7 No. 73 =3 R

1 bitter 3 18 no taste
2 bitter 3 19 bitter 2
3 bitter 2 20 bitter 2
4 bitter 1 21 bitter 1
5 bitter 2 22 bitter 2
6 sour > > bitter 2 23 no taste
7 bitter 3 24 no taste
8 no taste 25 bitter 1
9 no taste 26 no taste

10 bitter 2 27 no taste

11 bitter 1 28 sour 3

12 bitter 2 29 no taste

13 bitter 1 30 sour > bitter 3

14 bitter 1 31 bitter

15 bitter 2 32 no taste

16 no taste 33 no taste

17 no taste

coUREE 18 .38
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B TN DO—ERIZDONT, SDFRT v b (f, AKE360~5408) =MW TROKSIC
£ 2 IEEIMEEOZL 2 RES Uz, HIEIE, SR NCREVWHIE 2172 > Tce ¥~ 7 VO
1%, 0.5% CMC £HBHEKIZ20mg/ml L7522 X)X > IV R BESETHEL:, 7
Zv 7L, 0.5%CMCAEMEAEKEH W,

Zv b R—H6IED 4B, WESHEEE (77> r), RERGHL, 2, 3L,
ZUThOZ v b 220K R S ¥, HFRREL00mg/kg (REZ v ) T, EHlkE
A5 U7z, SRR SE, B L O0E5605r, 00E@%0 7 v b QMK % EEIKRE D
0.3ml ZEML, ~_V U, ZO0o8E (3000rpm/10min) LT, M#FE%2H7z, Tz
MO MR OIMPEE %2, MEEEERE (Glucose-B test Wako : FIE#i# %L Lot No. DR
150) ZMWT, GOD iz & v #llE L 72,

ERE S UEE

(1) =8k

RI1CTE LDV INVIZOWT, BRFHBREIT R o TeREE 2 1TRT, SEEKL
Te Y iL, RS 2 WIZEEREFE D TR, G EEROWITLTHY, WS hiH
R, HESHRIIESNLLh o7,

ZNiE, F 3 Phenylalanine {840 Phenyl ¥, ZONBIZEA LIz HFEHRY VR VB
DAVES EBUKEIICMNZ T, Cli2 T ATV EETHRELTH L0, ORTYH > s
B9, BIEROPBELICSVWEIEZ OGNS, RIZ, HEROFEF X, o b e HE
(AH), v bt 25 8E (B), 8L UBUKEEA (X) 23, 9F ETZEnZhdEy) i
BIChHD I EPRETHL EINY, SEOEEY > 7VICETEDTHS E, AH E2F
EYTHR% L % 536, (AH, BE) WEFEERL T, WRHZWIIEKE 225503 F 2 5
na,

Phenylalanine SR IC B W THAZEW®R 2B 57- 012, PUKMEEZETER>OEA, AH,
BELZD S 2 EREOHA L ZDAMEORNSE, ALHWE ORI ZED T2,

£3 Y rVEROBSHOMEEEDIEE

AR IMBEE (F#, mg/dl)
n = #E % G IEHT 6053 90531

control 6 119.9 112.0 114.7
+28.0 +26.3 +17.6
VNIt 6 89.7 90.0 97.3
Perilloyl- Phe-OMe +11.8 +14.4 + 7.1
P72 6 87.7 132.2 125.5*
Boc- Phe-p,Glucosamine +8.9 +51.6 +27.4
P73 6 75.2 69.5* 88.7**
Z- Val-Gly-OH +4.6 +4.2 + 6.6

*: P<0.05, *+: P<0.01THE, Boc: t-Butoxycarbonyl-
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(2) IM¥EEHDHIZIR

BAE, R1DF>INDIb, UTOV Y 7V OWTEHEDBKRT LzDT, FEPE3
BXUKGE, K7, M8IZRT,

@ Y7V No 4 Perilloyl-Phe-OMe

® ¥~ 7 No3l t-Butoxycarbonyl-Phe-D-Glucosamine

® Y7 Z-Val-Gly-OH

A iEEE, BE@ (Perilloyl-Phe-OMe) 12 DWW T, 5O MAEE % ML U 7245

200
B -- 737
= 160 -B- H#lEy TN
~
AN
)
g 120
s
= L
40
| ! |
0 0 30 60 Q0
el [min]
6 Perilloyl- Phe-OMe % #:5. L7-ED J v  OIMEEOZAL
200
: i : - @ - 7'5)7
TPOF . -m- mmewra
% . e
E 120 _ T
=
S
ot 80
40
. | 1
° o 30 680 o0
B [(minl

7 Boc- Phe-pGlucosamine 28 5. U7z 7 v + O IFEHEDZEL
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200 —
L -@- J5v7
: 160~§ -B- BuEYCIL
AN L
%]
5 120 {
m e iy
g SO0 rg--— S, ISt
= _% L
40
1 Il t
O 0 30 60 (e]8}
W [(min]

X8 Z- Val-Gly- OH ##5 L 7K 7 v b D lliffE D21k
&2, BERREFHERS LG -7, (M6) ZoFENS, MEEEINHIENIRE S LT
% Perilloyl-D-Phe-OH DY BRMEED T AT N TH 5%, FRBBLI ENbro T,
IS, HFEHICE DD, TATNMZLY) B2 A#E L2 LICX 2 b DO»IETHT
b5,

DXz, HE®@ (t-Butoxycarbonyl-Phe-D-Glucosamine) Tif, 55l b~ IMHEE
DEFEWIFERIESNTz, (p<0.05THE) (K7Z8) D-Glucosamine i&, *7 >,
F MYV ORENKSEY T, ISHAFIEORA ZLVEGRMETH 20, SEZNICT I /8
BEALIY VY TV OWT—EER 2T 5 2o SEOEMEX, HERTHWS 0T, EH
MPHECTEE R EE L2 FIET O TR R o h, SHRIMEEE2 BT 2 EHEH AR D
DERDZTHLIL, ¥F¥, F MV OBIMAIHOEATY, HIREOHE W2 2, 51,
TR 7 I /BB LO_7F R 2HA L7 D-Glucosamine FHEKIC DWW T, EXREHK L 4H
EHEARBR 2 TR o TV FETH 5,

AE® (Z-Val-Gly-OH) 122w TiE, FEIERH L 72 No27~No30D <7 F F Ok
DV, HEHRBREIT R ST RTH 55 (K8), 600EBDOERL (p<0.01) IMFEEDIE
T, BLOW0SEO LA (p<0.05) PEHEIS D, BEELEE L ZHW T oz,

Z £ X B

1) H&EBP#E, HE A A4ERI89/90, 1990, p 396

2) Hiroshi Kayahara et al., Peptide Chemistry 1986, 257 (1987)
3) Hiroshi Kayahara et al., Agric. Biol. Chem., 52, 289 (1988)

4) Hiroshi Kayahara et al., Agric. Biol. Chem., 54, 1325 (1990)
5) Hisashi Shinkai et al., /. Med. Chem., 31. 2092 (1988)
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