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Vasorelaxant Activity of Caffeic Acid Derivatives from
Cichorium intybus and Equisetum arvense
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The vasorelaxant activities of chicoric acid (Compound 1) from Cichorium intybus and dicaffeoyl-meso—tartaric
acid (Compound 2) from Equisetum arvense L. in isolated rat aorta strips were studied. Compound 1 is a diester com-
posed of (S,S) -tartaric acid and caffeic acid, and 2 is composed of its meso type. Both 1 and 2 showed slow relaxation
activity against norepinephrine (NE) -induced contraction of rat aorta with/without endothelium. These compounds did
not affect contraction induced by a high concentration of potassium (60 mm K™*), while they inhibited NE-induced
vasocontraction in the presence of nicardipine. These results show that the inhibition by 1 and 2 of NE-induced vasocon-
traction is due to a decrease in calcium influx from the extracellular space caused by NE. In addition, dicaffeoyl tartaric
acids showed vasorelaxant activity, regardless of their stereochemistry.
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7 F} Cimicifuga spp. DIRZE) OEHKT TH 5
fukinolic acid K OB AL & #712 D W TR/ 72 bR
HaEfTh, TOMEEEEREICI DWW THRF LY
TR, (LEVOERITH T t—BRZEZFHDODHD
W ST A AR (R & L HE L, fukinolic acid
RO ETHEMBED N 7 = —BRFEAROIEHZH S
MU, INSOHIEMNS, FITHT7—BRITX
TV O MEERICEKA R 2N/, £ I T, chi-
coric acid (Comp. 1) KMUZFDHHEEMEATH S
dicaffeoyl-meso—tartaric acid (Comp. 2) IZDWT
ML 72O T#ET 2 (Fig. 1).
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Fig. 1. Structures of Comp. 1 and Comp. 2
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5. Comp.2 IZAXAFFICEENTND Z ENH|E
INTNS. 89 ZFFI, NI HEHEY Equisetum
arvense L. DRXEZDRETH 5. FlR, %ik0,
fREL, B2 EDIERD® S, TORTE 7Y)
BEHAEINDD, RBEXZLEMLINDZENDH
5.7

A E OIFZE T, Comp. 1 &8 Comp. 2 & %11
TNOREYIN S B - FER L, = OImEMiRERN %
BEHRRBICHE L. 2T omEicxd 21E
A, v bREIRZE A NTHEBRL 2.
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1. ## F7 I FIIEFEE AR K D
HEHWEZWE, AFHE, mR)IIEgEa A
WTRELZDBOEMHL /2.

2. AZE BRI K G IR D B D % i
L7z,

MeOH, ethyl acetate, EtOH, KH,PO,, HCI, NaCl,
KCl, CaCl, - 2H,0, MgSO, - 7TH,0, NaH,PO, - 2H,0,
NaHCO;, glucose (FNYE#fi#) norepinephrine,
acetylcholine, EGTA (ethylene glycol-bis (S-ami-
noethylether) N, N, N', N -tetraacetic acid) , nicardi-
pine - HCl (SIGMA)

3. {ERRES FRAIIHIA 2 7 O S REEE
THE L, UV AXT MLV EEEE ¢ UV-
250 84, FEJERENE H A3t JASCO DIP-181 B4 T
& L /. Negative FAB—MS |, HAE T IMS-
12 BTHFEL, XhY w7 RELTIITY =)
7I2EHWHZ., NMR A7 MLIZHAS
JMN GX-270 %, JMN GX-500 B TH#lE L, W
#eW B & LU T tetramethylsilane (TMS) % /=,
HNIL0X ST T 7 ¢ —0OHKIT Sephadex LH-
20 (Pharmacia Biotech), Silica Gel ODS Q-3 (F1¢t
MR T A S 2=, TLC I Kieselgel 60
Fys4 (Merck), RP-18 WF,5,s (Merck) % fu 7z,

4. ¥7=_HF+H5D Comp. 1 D EE 1 HH
13 Hasegawa 5 O HiFEVICHELC Tiro /2. 972bb
Comp. 1 D HEEIZ, F7 =0 F O L& (580 ¢)
ZERTAY /=)L L, BEEZREE ARG S
NETZFAZKIZEN L TREERZEI0D, 2M EEE
TpHLOICHELZ—F )it zfrok. T—7F
JViH % Sephadex LH-20 T#EIH S A7 0% b
75 7 4 —%fT\W, Comp. 1% 30.4mg BEEL /-,

5. ¥ F+HHD Comp. 2 O E Comp. 1
OMBBEICHECKROBOEIELZ. EDOAFF
(25kg) Z=HIBTAY J— )V L, B2 HE
BE%RAE SN2 ITF AT 60%MeOH % Il 2 THkéz
L7. 60%MeOH RI¥EHE & D, ZhhH A S
J =)V &K%, NaHCO; TpH6IZHHEELZ.
SNTKERZE RO — T —7 )V THREL,
Kfg% HCLIZT pH 1.0 IZFABL 2%, BUOIL—7
it L 72, T—F IV Bt nzmE %
Sephadex LH-20, ODSQ-3 /1 S Al X D KEHE L
Comp. 2 % 84.5 mg 157=.

6. 7w PXBROHE - METHITSEH
i, BEICHEC CRBR L. Iabb, EREY
& LT Wistar R v b (KE 250—400¢) %
A U7z, sREIE &SRR EEZ AW,
St % 55 RAYIZ RedR U 7z,

Fv hEI-TI)VRREMRIBIM L, MEERERZ
HLUZ K#FRIZESIH20mm, [ELR2mm OIE
JEREA L LUz, HEA%Z 10ml ® modified Kreb’s—
Henseleit {57 (NaCl 118 mM, KC14.7 mM, CaCl, *
2H,0 1.8 mMm, MgSO, - 7TH,O 1.2 mM, NaH,PO, -
2H,0 1.2 mM, NaHCO; 25.0 mM, glucose 11.1 mM)
Tz LN ANIZEIEL, 37°C THRIEL 95%0,
+5%COIREHAZHER/ L. FEAIZ1.0gDH
miEMF, 1REDA >FaxX—F GELTNS
204y, 4077, 555788IC4 1EIEH) L THhoSFER
#1T> 7/=. Norepinephrine (NE) % 10" M5 L
etg, MENMEAETIREBICELEZEIAT
acetylcholine (ACh) 105M 2 5L, NEIZ X3
ILHE I U 80% LA L i & /v L 72 @ & N Rk
A, MERFONEMEAMTES ZT 0,
NE I 128 U ACh 12 & % 5% KIS0 5 % A i D
© D % N AN RBEREA & U 72,

7. MERKOAE  MENEREREAITHL,
NE Z 10 "M #5 U 72, I8 IE A 1T IR BRI
B L /2 & &2 Comp. 1 @ 3X1076M, Comp. 2 D
1074 M ZZNETNHE L TROIEE A=

AUEHEERF O NE Ui 2 il 9 2 & S mE &M
ERELNARIZHEN OB 2G5 L, 1
DA > F2X—2 3 > OH%NE 25 L7z

i 53 U 7z 8 12t U Ca2t 235 e 97 % IUHE 7R A
RO LD IR L 7=, mESLFITE % O modi-
fied Kreb’s—Henseleit {A#E H1 T 40 5D 1 > F 2
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N— bk (2047, 40 73212 1 BIPEH) D%, Ca’t-
free T 0.0l mM ® EGTA % & ¥ modified Kreb’s—
Henseleit 754k (NaCl 119.8 mM, KCl 4.7 mM,
MgSO, - 7H,0 1.2mM, NaH,PO, - 2H,0 1.2 mM,
NaHCO; 25.0 mM, glucose 11.1 mM) (ZEHLL /=,
EIHIZ IS O > FaN— DK, FEDEIE
E K+, Ca2t—free ® modified Kreb’s—Henseleit A&
(KCl 124.5mmM, KHCO; 25.0mmM, MgSO, -
7H,0 1.2 mM, KH,PO, 1.2 mM, glucose 11.1 mm)
DY E (3.8ml) LEHL, NANK' EEZ 60
mM & L7z, ZDIREET, Ca?t (CaCl,) # 10°°M
—1073 M ZRMICHREGLTa> ba—)L & L.
Ca?*—free ® modified Kreb’s—Henseleit 5 T/\ A
Nz %, HOEEE KT, Ca2t—free @ modified
Kreb’s—Henseleit 75 D Y& EEH L /N AN K
EZ60mM &Lz, ZZTitklZ2mA 60 o1
PFaxX—bo%, LRI Catt 2 105 M—
1073 M 2 RZEWiIcE G L Tar ho—)b &gl
7z,

NE #7E F O MBI L, Ca?t ahk 9 2 I
ERTRDO XD IZidBa Uz, Mm% 4R 1358 % @ mo-
dified Kreb’s—Henseleit {A#H T 40 /D1 > F 2
N— bk (2047, 40 73212 1 BIPEH) D%, Ca’t-
free T 0.0l mM ® EGTA 7% & ¢ modified Kreb’s—
Henseleit (AR IC2E#M L . 15 7O > F 2
N — kD%, nicardipine 107M, #i\»T NE 10~°
MZ#HEG L., ZOWEHP TNE DRSS T H9ME
DOIHEIZFEFIEL RVICETHER FIESN TS, &
S 15 MDA > F 2 X— KD, Ca’t (CaCly)
Z1075M—10° M 2 RFEMICHELTO> ho—
JV& L 7=. Ca*t—free @ modified Kreb’s—Henseleit
IR CNANZ TR, HEZA 60 Mo >
FaXN— D%, 4 EFEKIT nicardipine 1076 M,
FENTNE10*MZ#EG L. 1553MOA1 > Fa
NX—h D%, CaXt % 1075 M—1073M & RFEMITHE
HLTarbho—)L &gl 7.

2B, IRTCOREARIOREL, FIVANA
BERORMKRETD 5.

8. frEtaLEE ITRTOFMERIIFHHELSE T
RUTz. 7 —% OfGHIREME, FBEICK 255
WMZEMER L LT, IOV IREICLS =,
p<O0.05DEEHFAEDD LHWL .

] R

1. Comp. 1 D[EFE Comp. 1, mp 206—207°C
(lit. 206°CY), [a]p+343 (c, 0.1032 in MeOH, lit.
la] p+383.54), negative FAB-MS m/z 473 ([M—
H] ), UV A (loge), 217 nm (4.3), 233 nm (4.2),
297 nm (4.1), 327 nm (4.2).

MS KTXNMR ('H BXUEC) Offlg, SCHkfE®
E—H L.

2. Comp.2 O [E%F lalp £ 0
(MeOH), negative FAB-MS m/z 473 ([M—H] ),
UV Amax (log &), 217 nm (4.3), 245 nm (4.2), 298
nm (4.3), 329 nm (4.5).

MS K& X 'H-NMR OB I3 SCHkES & —3 L 7=,

3. Comp. 1,2 %% 5(CLD NEPREICHT S
EH M5 PN R DR TR AR B OV R B REAR LT L
NE Z 107 "M 5 U =1, & INHE S EATIREEIC
L /2 & &2 Comp. 1 ®3X10°6M, Comp. 2 D
104MmzEzENZTNHE L TRNEER]Z. 2O
& &, Comp. 1,2 3WIFNOMEREAITHL TH
W <O &L zifE{ER 2~ U /- (data not shown).

4. Comp. 1,2 Bk 5(C L% NE NHMEICHT D
£ R NE 2 F L9 5 IUHEIc 9 % Comp. 1, 2
DRz X/-. Comp.1 % 3X10-¢M, Comp. 2
Z1074M, 5L T60 7% NE Z 100'M &5 L
TIEZNfES 7/~ ZD&E, Comp. 1t pha-
sic fH D Ui 2 & T4l U 7= 73 tonic #H D IX #fs &
BRIZHIH| U 7=. Comp. 2 |3 phasic #H o i 2 #01
&9 tonic H D ULHE = FHHNTHIHI L 72 (Fig. 2(a),
(b)). 5T Comp.1 % 3X106M—1075M,
Comp. 2 % 3X104M—10~4M, 5L T 60 7%
NE Z 107°M—10" "M R 5 U TEBBE A9 1T A
S/, NE 29 % I, Comp. 1 D 3X
10-6M, Comp. 2 ® 3X 1074 M &% 5 THIH < 1 /=
(Fig. 3(a),(b)).

5. BAIKHFM Ca** F+ )L (VDC) (LT D
43 Ca’* 1%, Ca’t-free TEHIEDEHEE KT
(60 mM) ZEE#R (NaCl 119.8 mM, KCl 4.7 mM,
MgSO, - 7H,0 1.2mM, NaH,PO, - 2H,0 1.2 mM,
NaHCO; 25.0 mM, glucose 11.1 mM) HIZSEEL /=
M SRR UREKRGFNREZEZ L, 20
IVHEIZ L, Comp. 1 @ 3X10-¢M U8 Comp. 2
D10 *MIIEB L RIBMN> Tk (Fig. 4). 1P,

Comp. 2,
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10 min.

Effects of a) 3X10~¢M Comp. 1 and b) 10~4 M Comp. 2 on 10~7 M Norepinephrine (NE) -Induced Contraction of Rat Aortic

Strips and Relaxation Response to 1073 M Acetylcholine (Ach) in NE-Precontracted Aortic Strips with Endothelium

Z D ULHE1 nicardipine @ 106 M T2 IZHIHI X 11
7z¥ (data not shown).

6. ZREMFEHM Ca* F v %)L (ROC) ([CXHT
51H Ca?t —free C nicardipine 10-M & O}
NE10-¢M Z4% 5 U 72 e i i Tl L 72 I8 SR
L, Ca2t (105M—103M) [3IBEKEFEMNRIL
Mz Uiz, ZOHETH L, Comp. 1M 3X107°M
KO Comp. 2 D 10~ M il Z/R L7 (Fig. 5).

% £

1. Comp. 1,2 (C k% NE RF&£$ 5 MEINHE
(Cx T 2IMH#E  Comp. 1,215 v b KEk
FRICHLY-> <D ELMmRIERZRLE. 2O
SAE RONE, N MRS & HIEE L 7RI L CTHE
¥ Td > 7= (data not shown). ZHUEZ DIEMA
WEMIICEKEL RN EEZRLTWD, £z,
Fig. 2(a),(b) IZ/;R9I @D, Comp. 1,2 ZHiEE5L
TNENHET2HEEAD L, ZnsDamid
phasic tH DIHEIZIE & A EFERT tonic D I HE
ZEBITHIHIL THB O, tonic I EMEZEED &

WORMERLUE., £, IS OERITHEKE
MTHo7. X512 Comp. 1,2 13X nicardipine & T
EGTA #1£ I T NE ffi#¢ 5 L 7zBR D Ca?* I3 9
BUIHEZMHI L7z, Z3d Comp. 1, 2 N2 HMAKRIE
Bt Ca2t F v )i 2MENERZRDOZ &%
RLTWS, —5T Comp. 1, 21%, EEE KT (60
mM) TH L 72 & RIS % Ca2t GFil D
e 2 ME L sm-o7z. T4 Comp. 1, 2 AIFENL
KEME Ca2t F v RIVITH§ SR 2 Hi 7z 7a v
ZEERLTWVWS, P2 EMNS, Comp. 1,2
IZ& % NE [0 IElL, ZDRRD—EICZAK
KEME Ca2t Fv RIVDOHENBEET S EE R 5N
7z,

BxEBET, FHRRERD T =/ —IVHIV IR B D
I8 5t % SR 2 5, RICR IR &2 f2 R LT
%. 9975, Fig. 6 IZ/RTHEIZBNT (1)
benzyltartaric acid #4731Z p-coumaric acid 73T A T
VS U ® O IEE M, caffeic acid 43T
ZATIWAEG L bDImEMmEER 2S5, =L T
(2) benzyltartaric acid E47A° fukiic acid (R;=0H,
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Fig. 3. Effects of a) Comp. 1 and b) Comp. 2 on Concentra-
tion—Response Relationships for NE-Induced Contraction of
Rat Aortic Strips
Symbols: a) -O-: control, A~ Comp. 1 3X 1076 m,-[-: Comp. 1 10~5

M, b) -O-: control, x: Comp. 2 3X10~4m, -O0—-: Comp. 2 10~ M.

Values are the means *=S.E. of 4 determinations. **p<{0.01

R,=H) & piscidic acid (R;=R,=H) £55THh
S THIMEICHT DIERITIIBEABRLIBENWEES HD
TdHh 5.

SEDOEETIZ, Comp. 1 X7 Comp. 2 b I
MERIERZRL TW5, W& tartaric acid &
caffeic acid D TX FILEMTH 5. DK &
D bk % LU T H 5 & benzyltartaric acid E#43r D N >
T UREHMTME MRS L Thiane L
Ll Q) OHEDOIEL X #XFFTHFERITES
TWa., £k, WkaYWoti/n 5, tartaric acid
o DALAKE (S, S) KTH->TH, AVKRT
H > THIMEMBERANFEIRT 2 ENGho .
LAEDKERMMNS, 717 o —B T AT )VHEED ML 5t
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Fig. 4. Concentration—Response Relationships for Contrac-
tile Responses of the Aortic Strips to Ca?* in a Ca?*—Free
Medium Preincubated with High Potassium (60 mMm)
Symbols: -O-: control, -&—: Comp. 13X10-6m, —l-: Comp. 2 10~4 m.

Values are the means +S.E. of 4 determinations. **p<{0.01
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0.7
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Fig. 5. Concentration Response Relationships for Contractile
Responses of Aortic Strips to Ca2* in a Ca2*—Free Medium
Preincubated with NE (10~¢M) and Nicardipines (1076 M)

Symbols: a) -O-: control, -&-: Comp. 1 3X10 6 m, —l—: Comp. 2 10 4 M.
Values are the means =S.E. of 4 determinations. *p<0.05, **p<{0.01
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Fig. 6. Structure—Activity Relationships of Caffeic Acid Derivatives
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L7eni=> T, mEMEREMZIRTICE, 2007
BRI T 2 —BIATIEBEEZFF DI ENEE S
EALNE. IBIT, INS5DEEMITE S NE L
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F v RV DOHENEEGT 2 EEZ 5N

TV LT v R)VHER M, AR, Bk
DMEDIEFICAKHWSNTNS, Z7xPE R
Eoe ROBY PCRIEEMPCINTFTEL, X
INIIVFILE VDC OHFEEEL THSNS. £
2, DPVFT7TELRXRNINI), MUK F v
O E L TSN D =35 > 2)Lid ROC [HEE
ABOFEHD. 100 A2 ROC HEMEM 2 HD
HDELT, SK & F96365 WHI SN BN, 12 Z
MBI ICHW S NS, {HERLE L TO ROC [HE
TERZEIE, RIEHADE ETHS.

RO, BECHRAIIH T = —BFEKREZD
I 5% U P O M & TS PEAHBI I BE 3 B i & 2R L
TWa, SROFMERIL, TOBEEZISICHETS
bOThorz. £, FHEfGENIILEMDEA
W, ZEWIREE LS D AF ¥ FIVHEORE 508
EAONE. LEN->T, RORGHEITCICHEA DN
7 L —RFHBEROMER R L TWITIE, e bkn
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