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The 3a-Hydroxysteroid Dehydrogenase Inhibitory Active Flavonoids
and Phenylpropanoids from Schizonepeta Spikes

MuNETO MATSUTA,* Rit KaniTa, Yujr Saito and AKIRA YAMASHITA
Kampo Research Laboratory, Kanebo Lid., Tomobuchi-cho, Miyakojima-ku, Osaka 534, Japan
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Dry spikes of Schizonepeta tenuifolia Briquer (Labiatae) exhibited an inhibitory activity on 3a-
hydroxysteroid dehydrogenase. From schizonepeta spikes, five flavonoids (hesperidin, hesperetin,
apigenin, luteolin and ladanein), five phenylpropanoids (caffeic acid, rosmarinic acid, cinnamic
acid, p-coumaric acid and 2,3-di-O-cinnamoyltartaric acid) and eight new caffeic acid derivatives
(schizotenuins A-F) were isolated and their structures were elucidated on the basis of NMR, IR, UV,
MS and other physicochemical evidences. The inhibitory activities of all of these compounds on 3a-
hydroxysteroid dehydrogenase were stronger than that of aspirin. The pharmaceutical effect of
schizonepeta spikes was considered to be mainly due to luteolin, rosmarinic acid, schizotenuins A and
C1, because they have strong inhibitory activities on 3a-hydroxysteroid dehydrogenase, and their
contents were high.

Keywords Schizonepeta  tenuifolia; anti-inflammatory effect; schizotenuins A-F; Ja-hy-
droxysteroid dehydrogenase; caffeic acid; flavonoid

WiF~ Schizonepeta tenuifolia Briquet 13 3V £} Labiatae W2k - THINICHEEZ N, ZRPYDIC, e L F T
ET 2 MEALEEN—FEEARTH S, HARRHR  HELOMICECHENEZ RO C S L C\vo, 270
T 9 LUERE N, EX TE AT WY BT DML, cyclooxygenase BREBMNEA L Y LB
H HHIFFE (schizonepeta spike) ZHLES LT 3D, TV EHEHEL TS
FRABRD MICIGER S 1, W, BT, B8, JURB L FH LI, ?)LJJF{’I H 2R DL 30-HSD HEFH M
UFESLrHOET2HEETH Y, KERBFE WHAYE FRIEETDER 7 ) —=> 2B W, Wifgokiib ¥
BREEF L LT b5 ok, HBiRERT & ol AR CHEER 2 O Z &, BLUBERERNBETH S S
EAEINTWEY, 2O L LT, (—)-pulegone, =CFEOMEMER 2 H T2 2 & 2 R e L 729,
(+) -menthone HN¥EM, €/ T -2 BEHK TH 2 schiz- KHR T, 3a-HSDHEGE*H T M TN
onepetoside A~E, 77K/ A FAKHRTH % hesperiding, 27T KR/ 4 FEBLU7 2= 070,87 4 FRICBLERS
apigenin-7-O-glucoside, luteolin-7-O-glucoside 459 As WEEDLDOTHET 5,
H5D, MIFOBBREIFLIX 25> 22RO 5 &,

Whittle #: C writhing % #1132 #%, % 33 k4 KRB SUER

i3 (+)-menthone TH % L W|HEY I NT W3, F/2, = WD EEFERITF T0%KET & F i L, Bk
DI X ZIEEN~DEEROTH 2T 2 2%, 20FiE 7 TRV L, EERR S OUCNERAI L 72,

PERRAri2 (—)-pulegone TH B & HEDY STV 5, 7w a k)L AR L Y ladanein (1), cinnamic acid

3a-Hydroxysteroid dehydrogenase (LI'F 3«-HSD) i3,  (II) 5 & U* p-coumaric acid (II), FEEZx F LiEEEsE D
5a-dihydrotestosterone %° 58-dihydrocortisone 7¢ & ? 3- hesperidin (IV), hesperetin (V), apigenin (VI), luteo-
TEPATUA FELEATIOBEETHY, 27 a4 F/ARH  lin (VID, caffeic acid (VIII), rosmarinic acid (IX),
CEELREERLL Twvwb, Penning® ik, T 2,3-di-O-cinnamoyl-p-tartaric acid (X) #3 & Uf schizoten-
cytosol 2 LK L 72 3a-HSD o iH:4%, BEfFOH AREZE uin A, Bl, B2, C1, C2, D, E, F (XI~XVIID) 4%
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L7228l & ¥ 8L (Chart 1), Z0fiE % WEetE
(laly), BABIRZ~27 bv (UV), FRIMRPA~T T

o (IR), =AZ~27 b (MS), 'H- b & U BC-HRA
iz ~7 F v (NMR) SofEfict D#LPIC L2,

N~IX I3, FEAX7 P VT —F 2/e L 28R, cin-
namic acid, p-coumaric acid, hesperidin”, hesperetin®,
apigenin”, luteolin®, caffeic acid, ¥ & Ufrosmarinic
acid” X FE®E L 7.

[IZUV, IREIVT7IR/ A FTHBEEZ LR,
THRA A e RAZRZ PV (SIMS) A A E—7
m/z 315 (M+1)*, 'H-BLUXBC-NMR > 7 f k
N 2D A XK, 2MOKBELETL7 7R TH
L2 ¢ -7, 22 TMeOH T UV 27 FLvdd
AlCL, AICL+HCIEMIC & 37 b 2 CEE' & K
L, ladanein & %L 7z,

X i, UVEBLEKFIR 227 } /L% cinnamic acid & JE
FACHPLL Tz, 'H- 8 X 8 *C-NMR 12 B> Tl cin-
namic acid » > 7Lz, AF v RF 1M, SR
ZVRFIMOFEEIRBEE N, L L SIMSIZBW
Tm/z411iIcBA A > =27 M+D*2RTZEn5,
B AL E SRR 2 b L ofEE (X) toEl 7.
F 7o e EESDY —158° TH 5 Z L » 5, tartaric acid i3
DIRTH B EFzZ L2,

XI~XVII» UV 227 b, wind 2008 &
320~ 330 nm AT PR AR DTFAES S FUD 7 — > %
RL 72, 2RI, caffeic acid 2 #& rosmarinic acid &
LB vy —>THY, ZNbid caffeic acid ) =
— s HEE L T2,

SIMS izBwWT, XI~-XVIIizxn £ 717, 731, 731,
537, 537, 357, 539, 553 [M+1l* A 4> v—7%5
2 72. caffeic acid 4 T & 1% 180 72 &, XI~XIII 3
caffeic acid » 4 4k, X1V, XV, XVII 8 Lo XVII i

B, XVIEF28HkThreHELL XI&XIIHB
Wiz X1 > B EHnF=Y, XVI & XVIII B EEE
FIRE 14 ToKEREE 1A 4 P XL RICERLZ2Z L 2R T
EEZ b7z,

XVIit, 3B~ P UE, ABERNVV 7T VR,
trans-propenoic acid iZ2#D{ ¥ 7 an H- B LU BC-
NMR C#EZEE 2N, ZOfAEIEX 'H-*C COSY (corre-
lation spectroscopy) #il5E, 3 & 18 COLOC (correlation
of long-range coupling) 12H T, H-6" & C-8" DfHIC
long-range coupling #58@®H b5 Z &% LY Chart 2D
BiETh b e 72,

XIV, XViZ NMRI2BIFT B X F v iE, AFv o KkE
DFEAE & Y rosmarinic acid & fal#%) phenyllactic acid #*
XVIC 1 FRALEERZA T EHEL 2. 2O
BB OWTIR XIVTIZCY, XVTirCony 7+

LK 2 ppm S 7 P LTWAEZ E, BLUXI &
L7 XIV T2 5.31 ppm 12, XV Ti 5.09 ppm 1< BLA
Twb H-8 »XFlcx 32 &, COLOCizEBwT, XIV
7 H-8 & C-9” »HElz long-range coupling 77832 115
ZEHLY, WL,

XLix, XIV & % \wiE XV 2 & (2 phenyllactic acid %¢
15 FREALBELREL 2.

XII, XIII i XI st 7 ViR > B A A F- )L AT N2
ol fEEEHBLEZ, AFNLZATADMEICDOWTE
XII, XII o 'H-NMR izcBWT, ZNFNIY b b it
L RES L T b H8 Dy I Fuh{EmEsEs 7 b L
TWabZ &, AFNENTat v ZDFITRD H-8 D
Bz long-range coupling BN T2 Z s F L VALY,
iz L.

XVII B L O XVIII»'*H-3 L 0 BC-NMR ic 8w T
4B T7 T BRORLY I, b 1Tl 3 EHR~
TURBIVIERKAHRKRD Y I AFBEI N
XVIIICEE LI HANKBDOAF VT AT IVEHERD S
TFENUDBEINTE, INLDEAMEIC DWW T, 'H-
1BC COSY m## 1 & o COLOC #HIFEiz 8W T H-7" & C-4,
B AFLEnT v b C9 & DIC long-range
coupling 7B EINLZ L% L) Chart 20OEETH B
& aEEm L7,

XI~XVII iz WFTNIFHHRWETH 72N T, £ %
#Uschizotenuin A (caffeic acid M#4%k), Bl, B2 (LLL,
Ao AFnzzTn), Cl, C2 (Ul =Z&M#&K), D (Z
B4R, E (WEHK) BIUOF EDAF LT AT &
i A

FRNDT7TIR /A FBLI 7220708/ 4 FEGD
3a-HSD BHE G IR, “WINIREVMAEERETH
BTAEN AN BT e »72, 7T R/ A4 Fof
TY V& VIID ICs i 6.5 8 L U55.4 ug/ml & 7% 1,
Y5z VIIHZIE G Eh - 72, caffeic acid DB EKOH T
I3 EINER VI ICs, fliAY 139.8 ug/ml L FFWIEHTH
o 7208, B IX 13 48 ug/ml X iEMESTE AL 72,

254z, XI~XVI 6 477 3a-HSD BEEF ML, caff-
eic acid DEAENSWTICH - T k72, FERY
B (XV) X0 yatlel (XIV) o5 E-
AR L2, 2 LT, AL 2l ouEsE S VR > BRAT £
FNIAT M D ESLIZEEr#LL XI, XII B
L OO XIID), XII o 3a-HSD BEE MR, 2.4 pug/ml &4
B HEE L 2P —FRNLDTH - 72,

XVII, XVIII @ 3a-HSD BHEFE ML, £0£4120.3,
29.8 ug/ml TH » 72, 6 L EBRAIIC D% - 72 caffeic
acid 3 BIKTH 2 XV L AEENEETH - 72,

FiFF10kgh & VIL IX, XIB L OXIVAZEN £
1.84, 2.40, 1.73B LV 0.62g BEETE 72, TN HND7T
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Schizonepeta spike (10kg)

extrd. with 70% acetone
concd.

extrd. with CHCI3

[
CHCI3 extr. (233 g)
extrd. with 50% MeOH

1
soluble part (19.5 g) insoluble part (186.2 g)

1
H20 layer

extrd. with AcOEt

LH20 CC. LH-20 CC. ACO‘E[ extr. (80 g) H20 layer (556 g)
50% MeOH 50-70% McOH
Kiesclgel C.C. *
CHCB-MeOH-H20  F T - T T s
30:10:1~10:10:1 1,2 3 4 5,6 7 8-11
9 ! 272
prep. HPLC 1197 227g) @729
D-ODS-5 LH20CC. LH20C.C.
1% HCOOH-CH3CN 30% McOH 60% MeOH
1 .3 LiChroprep Tecry r — . y
m RP-18CC. | MeOH M7l 2 3 4 5
(14mg) 60% McOH @29 (5.05 8)
2 i 1(877 mg) zg:&:";ﬁg}f-a TOYOPEARL C.C.
(152 mg) 50% MeOH
TOYOPEARLCC. | oveppart. c.c.
prep. HPLC 30-50% McOH
D-ODS-5
prep. HPL.C
19HCOOH-CHSCN [ 1) o ¢
5 3 19%HCOOH-CH3CN
LH-20CC. 5 3
50% McOH
v VI Vil
(199 mg) (63 mg) (158 mg)
*
f— HP-20 C.C.
I T T T 1
20% MeOH 40%]|VIeOH 50%I MeOH 70% ]\I/IeOH 1(\14168!;)
f ] 24-29 T
Fel o pro e Fr.10-13 Fr.14-23 @89 #
6579 (15999 (1082 g) (161 g) |
LH20CC. LH20CC. LH-20CC. maoce X
0% MeOH 50% MeOH 50% McOH 50-70% MeOH
Vi VoIX 17 9 1 2 3 4
2.12g)  (1.00g) (2409 @13g) (3.569) (1359 (221g) (3962
prep. HPLC LH-20C.C. TOYOPEARL LH20CC.
D-ODS-5 50% MeOH C.C. 50% MeOH 50% MeOH
1%HCOOH-CHsCN ea
2 ;1 TOYOPEARL prep. HPLC $-343 C.
T 1 C.C. 50% MeOF 1%HCOOH-CHiCN 50% MeOH
XVI X1V X1 prep. HPLC S-343 13 7 VI
(24 mg) (620 mg) (34 mg) (1.73 8) 1%HCOOH.CH:CN L m (1848
P
xvi (82 mg) (29 mg)
(80 mg)
}«K #
}— LH20 C.C. 70% MeOH
LH20CC. I T : .
50% McOH-MeOH . ) 3 .
LH20C.C.
TOYOPEARL G558 @469 ang
C.C. 50% McOH LH-20C.C. H20-MeOH -1 120 C.C. 30-50% MeOH |~ LH-20 C.C. 70% MeOH
prep. HPLC §-343 prep. HPLC prep. BPLC D-ODS-5 prep. HPLC D-ODS-5
1%HCOOH-CHsCN # Bondaspherc 1% HCOOH-CH:CN 1% HCOOH-CHsCN
2 1 1% HCOOH-CHsCN s . 3 5003
XVIIL 5 \ VI
(80 mg) X (42 mg) (67 mg)
(70 mg)
Chart 1.

7R/ A4F,
B AZCHFFLTWD EEL BN D,
= B O

-1

RIS, MIRSUMEITR MP-J3 BSCHlE (R#HIE) L 7.

IR 227 b )vid NICOLET 60SX %, UV 227 } iz

B S UV-250 £ (8455 © sh, shoulder; i, inflection),

BEYHE LT ARS8 DIP - 181 %4, NMR iZ Bruker AM-

3007 & fEH L 72 (W5EE [ s, singlet; d, doublet; dd,
double doublet; m, multiplet; br, broad). SIMS %
HITACHI M-80B &L, =tV 727 ) x>,

T Zov7 a4 PO 3a-HSD B

BN X &/ —E P lE A T e U A F 2T 3
XU A F1ILERE AW Tl L 72, EIMS & HITA-
CHI M-60 0 % Hw 72, JeH ATl AR 8E 8L CHN o
—F—=MT3 %MWk, A5s7ua=t 777 4— (L
T C.C) izix, Diaion HP-20 3 £ v* MCI GEL CHP20P
(Z2Efbak (%) %Y), Sephadex LH-20 (Pharmacia #L#4),
Toyopearl HW-40 (F) (3B — (#k) ) 7 5 0 Kiesel-
gel 60 7734 (Merck #8) %, WM 7 o< | 7774
(TLC) 1213, Kiesel-gel 60F,5, 5715 (Merck £#+%1) %
W B LU REERBRK e 7T 7 4 —
(HPLC) iz1x, Waters 3000, L.C Module 1 33 X ¥ Shima-
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IV : R=rutinose
V :R=H

Ry HO

I :R;=Ry=H
M :R;=H, R;=OH
VII : R{=R,=OH

1H 9
HoOC_ 0CO

2

fcoon
H 4

32 COOH
R \ Ho 4 17 9 4
2 9 g .
COOH / 8\ coo/ﬁ'!kr 1<:§

@—L
\ coo =
coon 6 8 9

I
VI : R=R,=Ry=R,=H
VIL: R;=R;=R3=H, R,=OH

: Ry=R3=CH3, Ry=OH, R4=H

OH
3
&
5

: R=R'=PLA

: R=PLA, R'=PLA-Me
: R=PLA-Me, R'=PLA
: R=H, R'=PLA

: R=PLA, R'=H

: R=R'=H

oon >3
< § XVII : R=H

XVII: R=Me

Chart 2.

|3 YMC-Pack A312, A343, D-
% F v, B UVagonm T

dzu LC-6AD, # 7 A4lZ
ODS-5 % 72 i xBondasphere %
172,

SHBE KRNI CAT L 2sEERERSS FEARBLD
BA) 10kg #, 70% (v/v) K¥ET & > 100 [ T3
S THEBEIEL, RN A 0L ICRMEL 2. ZOR
M % |78 o CHCL, ©5 [l, v T AcOEt T 5 [al #fi i
L, CHCl, = ¥ 2 233g, AcOEt = X 2 80g %1372
¥ Z 40 ug/ml T 3a-HSD R 2 JlET 5 &, CHCl,
X% Z2A927.4% D E, AcOEt =% 20557 1% DMEZ
RS N OKEIR 0BT OB ESTH - 72,

(1) CHCl; = % 2 D k&84 1 CHCL, = % % % 50% /K1
MeOH 500 ml ¢ 3 EHit L, WEHs L UONEEZ T
Z1.19.5g, 186.2g1872. 50% MeOH wJ## & Sephadex
LH-20 C.C. (¢ =4cm, [=32cm) (2fFL, 50% MeOH T
ZEHL 100 ml 040 HLL 4 i L 72, Higr3 (1.27g) %
Kieselgel C.C. (¢=3.7cm, [=23cm) {2fFL, CHCls-
MeOH-H,0 (30:10:1~10:10:1) THEHL 441 L 72,
fr.3 (90 mg) #%2yH¢ HPLC (D-ODS-5, 1% X #-CH,CN
1:3) lofAtL, e 3.2 11 (14mg) 2137,

.

50% MeOH A8 %, Sephadex LH-20 C.C. (=12
em, /=38cm) (2fFL, HPLC TE=%—L %45, 50%
MeOH, 70% MeOH, 70% acetone TiEH L T 11 4 L
72, [i%r 3 (11.97 ) % Sephadex LH-20 C.C. (¢ =4 cm,
[=47cm) 2fHL, 50% MeOH T L, 4478 L 7.
fr.2 (2.73g) #% Lobar C.C. (LiChroprep RP-18 40~63
2AFL 60% MeOH T L, II (152 mg)
BAR72. 4y 4 (22.7¢) 1© MeOH %2 4 U 72 L% &
L5rBEL, MeOH THFS&E LTI (877 mg) #FF7%2. Hisr
7 (22.7g) %, Sephadex LH-20 C.C. (¢=8cm, /=20
cm) 124 L 60% MeOH TiiH L, 58 L72. 299 b,
fr.2 (22.0g) % Toyopearl C.C. (¢=4cm, [=30cm) iZ
£ L 50~70% MeOH < L 540 L 72, & Toyo-
pearl C.C. (¢ =4cm, [=30cm) o3

um, Merck)

AT L, 44L&
B HPLC (D-ODS-5, 4f41:1%X8-CH,CN 5:3, 11
ml/min) THEFEEM 21450 — 7 2450L, 2512
Sephadex LH-20 C.C. (¢=1.6cm, [=16cm) /L,

50% MeOH TiH L, V (199 mg) #1%7:. fr.4 (5.05 g)
% Toyopearl C.C. (¢=2.2cm, [=40cm) AT 50%
MeOH T L, 25612 Toyopearl C.C. (¢=1.1cm,
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[=30cm) 4% L, 30% MeOH, 50% MeOH T L,
457 L 72, DDV T EE 4y 2 MeOH (2 %% L HPLC
FM1T124, 18.6 0D — 7 %4 L, VII (158 mg),
VI (63mg) #7447z,

(2) AcOEt = X 2 D ¥5 8L AcOEt = % 2 (80g) %
Diaion HP-20 C.Cizf+ L, MeOH ¥/ % B¢ Fenyiz FiF
20% MeOH, 40% MeOH, 50% MeOH, 70% MeOH
X" MeOH TEH L, 354 L 72,

20% MeOH #Hi¥#8 (5.57g) # Sephadex LH-20 C.C.
(p=2.2cm, [=30cm, 50% MeOH, 15ml/fr.) 240,
fr.20~55 2R L VI (2.12g) %1587,

40% MeOH #HIFE (15.99g) % Sephadex LH-20 C.C.
(p=4cm, [=25cm) i2fFL, 50% MeOH, 15ml/fr. T
BEH LU 16~23 28 LIV (1.00g) %, fr.75~140
ZRBLTIX (2.409) #7187,

50% MeOH % ¥ Fr. 10~13 (10.82g) # Sephadex
LH-20 C.C. (¢ =4 cm, [=50cm, 50% MeOH %H) i1+
L, 90l L7, 48 (2.13g) i2owT, #H HPLC
(D-ODS-5, %2 :1% X8 -CH,CN 2:1, 11 ml/min)
AT, REFIER 6.4 47> XVI (24 mg) & 7.540 XIV
(620 mg) #4372, W49 (3.569) DWW TEM2 THl
HPLC %47 R¥F8H 8.8 43 XV (34 mg) * 10.6 5
XI (1.73g) #1757,

509 MeOH ¥ M8 Fr. 14~23 (7.16g) % LH-20 C.C.
(p=4.2cm, [=15cm, 50% MeOH, T 70% MeOll,
Itkic MeOH i) offL 4 i L 72, @42 (1.35¢)
# LH-20 CC. (¢=2.6cm, [=16 cm, 50% MeOH #H),
Toyopearl C.C. (¢ =3.5¢cm, /=7 cm, 50% MeOH #%H)
[T L 7204 (241 mg) 12 DWW T4 E HPLC (S-343, &
#2) ATV, PRERERRT 8.6 270 XVII (80 mg) %157z,
#4533 (2.21g) # Toyopearl CC. (¢ =3.5¢cm, [=9cm,
50% MeOH ix#) 124+ L, 540 (fr.1~5) L 7. fr.4
(1.29g) 122w, 5B HPLC (D-ODS-5, 4 #:2) %
T, PREFREE 16,440 X1 (82 mg) & 18.2 4o XIII
(29mg) %1872, H4 4 (3.96g) % Sephadex LH-20 C.C.
(¢=3.5cm, [=17cm) 24 L 50% MeOH T H L 7
L7z, fr.3 (2.59g) I DWW THEE LH-20 C.C. (5 1)
24TV VIL (1.84¢) #1572,

70% MeOH # Hi %8 Fr.24~29 (8.82g) % Sephadex
LH-20 C.C. (¢ =2.2cm, /=43 cm, 50% MeOH, v
70% MeOH, ##4ic MeOH M) o4+ L, 4450 L 7.
70% MeOH # Bl 4> 2 (1.14g) 12D THHE LH-20
CC. (¢=2.2cm, I=16cm) #4T\» 34EL 72, = i
252 (450 mg) 122w Toyopearl HW-40 (F) C.C. (¢
=2.2cm, /=14cm, 50% MeOH # H) %47\, 3470
L #i4r 2 (200 mg) 12 DWW T2 H HPLC (S 343, 1% X8~
CH,CN 3:2, 13.5ml/min) #47v, REEE9.259 9

XVIII (80 mg) #7157=.

MeOH # ¥k (11.84 g) % Sephadex LH-20 C.C. (¢ =
dcm, /=43 cm, 70% MeOH # ) Iof+L, 540 L 7.
21 (3.55¢) # LH-20C.C. (¢=2.2¢cm, /=30cm, 7k-
MeOH) TH5# L 72 4> (450 mg) #% 4+ Bt HPLC (-
Bondasphere ¢ =19cm, /=15cm, 4&#1) IofHL, 4%
R340 »X (T0mg) %7, Ha2 (2.469) %
Sephadex LH-20 C.C. (¢=2.6cm, /=19cm, 30~50%
MeOH) i=ftL, 440 72, fr.2 (166 mg) =2 T4 E
HPLC (D-ODS-5, &M 1) 24T W{RFEM23.45 0V
(42mg) #1372, fr.4 (1.71¢) % LH-20C.C. (¢ =2.6 cm,
(=19.5cm, 70% MeOH) ¥ L 724 (293 mg) 2
WG, [F@ R&EMTaEHPLC 247 W AR FRIE 24.6 5 o>
VI (67mg) #7372,

3a-HSD BREFEMDBIE

(1) B# (3a-HSD) W HF%L: SD RMEMES » b (H
ASLC, AHE 180~200g) DFFEEMHL, 3MHEED 100
mm Y R ) 7 LR (PH 6.0, 250 mm > g B, 1
mM P FA AV A P B LI 1 mm EDTA 2%, LIF
PBS tww9) 22 ThEYF 4 X4, 10,000Xg, 4C
DEAT, 30 E LBl EEZERY, 2512 100,000
Xg, ACHEMHTFTTO0 ML ZFD 2T S A4 |
VOV E Rz, Sk, PBS T2.5BICAmR L TRE
HEERW X L7z,

(2) 3a-HSD B % i% ¥ @ I & © 3a-HSD [ % iF 1 13
Penning® D Z&EFD I2ht » THIE L 72, k% 2.0ml @
PBSIc#EME L, BUEHBERBE0.2ml 2z 10587 v
4> Fa~x—1} L, 9mvM NADPH ## 0.2ml % i 2,
ELICI0GHA ¥ ax—F L/ 25mM4-= b7 %
72T R =) VER 0. 1ml 202 30
# X 10 01212 340 nm TOWBE FBE L, WBE D
DEUEL T2, WRHREOBERILERIT, B DAl
(S1), FEDPAEL T & SOWREDHAME (S,),
BARZMZ v & EDRNEDHAE (C,), ks g
EMZ T & SOBNEDIMAE (C,) %K, FTRIC
P> THHBL 72,

BERBAEER (%) =1—(S—S)/(G—C)) X100

#EF%E Taple iR,

Ladanein (I) A5 (K-MeOH), SIMS m/z: 315
M+1)*, Anal. caled. for C,;H.,04-1/5H,0: C, 64.23
%; H, 4.57%, found: C, 64.13%; H, 4.60%. UV 2Meon
nm (log €):285.3 (4.31), 331.7 (4.38), UV shifts (ratio
to highest peak): 285.5 (0.87), 330.1 (1.00), +AICl;:
263.9 (0.21), 2911 (0.72), 303.1 (0.85), 361.9 (1.00),
+AICL;,+HCI: 264 sh (0.24), 2931 (0.80), 302.5 (0.88),
358.7 (1.00). IR viik cm™': 3395, 1668, 1608, 1584, 'H-
NMR (DMSO-ds): 63.86 (3H, s, CHj), 3.95 (3H, s,
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Tapie I Inhibitory Effects of Flavonoids and Phenyl-
propanoids from Schizonepeta Spike on 3a-
Hydroxysteroid Dehydrogenase

Compounds ICso (ug/ml)

Hesperidin (IV) >200

Hesperetin (V) 6.5

Apigenin (VI) 17.1

Luteolin (VII) 5.4

Ladanein (I) >200

Caffeic acid (VIII) 139.8

Cinnamic acid (II) 152.3

p-Coumaric acid (III) 73.3

Rosmarinic acid (IX) 48.0

2,3-Di-O-cinnamoyl-p-tartaric acid (X) 127.5

Schizotenuin D (XVI) 33.7

Schizotenuin C1 (XIV) 8.1

Schizotenuin C2 (XV) 26.9

Schizotenuin A (XI) 10.2

Schizotenuin Bl (XII) 2.4

Schizotenuin B2 (XIII) 8.5

Schizotenuin E (X VII) 20.3

Schizotenuin F (XVIII) 29.8

Aspirin 1150.0

CH,), 6.82 (1H, s, H-3), 6.87 (1H, s, H-8), 7.07 (2H,
d, J=8.9Hz, H-3 and %), 7.99 (2H, d, /=8.9 Hz,
H-2’ and 6'). *C-NMR (75 MHz, DMSO-d,): ¢ 55.41,
56.16 (—OMex2), 91.02 (C-8), 103.01 (C-3), 105.05
(C-10), 114.38 (C-3 and 5), 122.89 (C-1"), 128.01 (C-
2 and 6'), 146.17 (C-5), 149.59 (C-6 and 9), 154.30
(C-7), 162.14 (C-4"), 163.17 (C-2), 182.09 (C-4).
ko7 —% &Y 13 ladanein'® & R L 72,

Cinnamic acid (II) &K, EL-MS m/z: 148 (M),

I1 {3 cinnamic acid (RE#EE) X UV, IR, MS, 'H-
NMR, BC-NMR, HPLC & #EH (tz), TLC D Rf
o iz & L 7z,

p-Coumaric acid (III) #EEKEH, I3 p-coumaric
acid (#5472 7) £ 'H-NMR, “*C-NMR, HPLC
D tg, TLC @ Rf i iz & Y WxEL 72,

Hesperidin (IV) &K & (k-MeOH), mp 257TC
(decomp.), [al®® —64.0° (¢=0.13, pyridine). IV g,
hesperidin? * ®» mp, lal,, IR, UV, 'H-NMR, 2C-
NMR o te#zic & D EZ L 7.

Hesperetin (V) #Hffk, [«]f —36° (¢=0.5 pyr-
idine), SIMS m/z: 341 (M+K)*. V (I hesperetin®
[a]p, SIMS, IR, UV, 'H-NMR, #C-NMR o Bk &
Ealbigic k) EEL 7o,

Apigenin (VI) #&BEK, SIMS m/z:271 (M+H)",
309 (M+K)*. VIii apigenin” & o SIMS, UV, IR, 'H-
NMR, #C-NMR o Mgz & 0 L 7.

Luteolin (VII) #&E#EE. VI luteolin® & 7 UV,
IR, 'H-NMR, BC-NMR ol#gic k) FEEL 7=,

Caffeic acid (VIII) 4Ef¥K, caffeic acid (EFHAL

3 E) Lo UV, IR, 'H-NMR o H#ic L ) FlE L 7.

Rosmarinic acid (IX) #E@EK, [«]F +113° (c=
0.52, EtOH). IX (% rosmarinic acid® & [a]y UV,
IR, 'H-NMR iz L 0 EEL 72,

2,3-Di- O-cinnamoyl-p-tartaric acid (X) #EEHE,
[«]2 —158 (¢=0.51, MeOH). SIMS m/z: 411 (M+
1)+, 433 (M+Na)*, 449 (M+K)*. Anal. caled. for
CyH,504-4/3H,0: C, 60.83%; H, 4.80%, found: C,
60.84%; H, 4.86%. UV 142" nm (log &): 275.7 (4.66).
IR vXEC cm~': 3458, 1726, 1636. 'H-NMR (DMSO-d,):
65.76 2H, s, H-2 and 3), 6.76 (2H, d, /=16.0 Hz,
H-8 x2), 7.46 (6H, br.s, H-3' X2, 4X2, 5X2), 7.75
(2H, d, /=16.0 Hz, H-7x2), 7.78 (4H, br.s, H-2
x2 and 6’ x2). BC-NMR (75 MHz, DMSO-d,): ¢ 71.04
(C-2 and 3), 116.74 (C-8X2), 128.54 (C-2’X2 and 6" X
2), 128.90 (C-3' X2 and 5 X2), 130.76 (C-4'X2), 133.65
(C-1'x2), 146.13 (C-7'x2), 165.16 (C-9'X2), 167.40
(Cland ). LlEn7—% L1, X iz 2,3-di-O-cin-
namoyl-p-tartaric acid & F%E L 7z,

Schizotenuin A (XI) @K (K), mp 156~157C,
(a]® +63.2° (¢=0.59, MeOH), SIMS m/z: 739 (M+
Na)*, 717 (M+H)*, 519, 322, 321, 197. Anal. calcd.
for CseH.5016°2H,0: C, 57.45%; H, 4.29%, found:
C, 57.48%; H, 4.15%. IR vEBL em™': 3407, 1699, 1616.
UV 1Y% nm (log e): 203 (4.94), 230sh (4.55), 292
(4.50), 318 (4.56). 'H-NMR, ®*C-NMR » 7 — % %
TapLe 11 B & f Tasre [TIZRT,

Schizotenuin Bl (XII) #Efmfh& (K), mp194~
196°C, [@]? +61° (¢=0.51, pyridine). SIMS m/z: 769
(M+K)*+, 753 (M+Na)*, 731 (M+H)*. Anal. calcd.
for C3;H30016-4H,0: C, 55.36%; H, 4.77%, found: C,
55.56%; H, 4.58%. IR viB% cm™': 3443, 1701, 1626, UV
AMeoH ym (log e): 203.5 (4.89), 220sh (4.59), 230sh
(4.56), 292 (4.53), 317 (4.59). 'H-NMR, "*C-NMR &
7 — %% TapLe II 3 £ O Tasre I IZRT.

Schizotenuin B2 (XIII) #EEHK, [«]2 +57° (c=
0.51, MeOH). SIMS m/z: 769 (M+K)*, 731 (M+
H)*. Anal. caled. for Ci;;H30046-4.5 H,O: C, 54.75%;
H, 4.84%, found:C, 54.91%; H, 4.65%. IR viik cm™:
3458, 1692, 1626. UV AMe%¥nm (log ¢): 203.5 (4.89),
220 sh (4.49), 292sh (4.44), 320 (4.54). 'H-NMR, “*C-
NMR &5 — % % TasLe II 33 & Of TasLe III 125”7,

Schizotenuin C1 (XIV) #&Ef#RE (K), mpl6d~
162°C, [a]® +55.4° (¢=0.52, MeOH), SIMS m/z: 559
(M+Na)*, 537 (M+H)™*, 339, 322, 197, 185. Anal.
caled. for C,;H,0.,-H,O: C, 58.49%; H, 4.00%,
found: C, 58.15%; H, 4.14%. IR vE3L cm™': 3422, 1702,
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Tasre 1. '"H-NMR Data for Compounds XI-XVI

Proton XVI X1V XV XI X1I X1
H-2 7.53d (1.8) 7.54d (2.1) 7.53br.s 7.53d (2.2) 7.41s 7.54br.s
5 6.88d (8.3) 6.89d (8.4) 6.89d (8.2) 6.89d (8.4) 6.89d (8.3) 6.89d (8.2)
6 7.46dd (1.8, 8.3) 7.44dd (2.1, 8.4) 7.46d (8.2) 7.43dd (2.2, 8.4) 7.42d (8.3) 7.43d (8. z)
7 7.63d (15.9) 7.65d (15.9) 7.71d (15.9) 7.71d (15.9) 7.61d (15.9) 7.73d (16.4
8 6.34d (15.9) 6.37d (1‘) 9) 6.41d (15.9) 6.42d (15.9) 6.25d (15.9) 6.46d (16. )
H-2 6.69d (1. 6.72hr.s 6.67d (2.1) 6.61br.s 6.68s
6.73d (1.9 6.70br.s 6.72s
5 6.64d (8.0) 6.67d (8.0) 6.63d (8.0) 6.64d (8.3) 6.63d (7.9)
6.67d (7.9) 6.68d (7.9) 6.70 m
6 6.52dd (1.7, 8.0) 6.58d (8.0) 6.50dd (2.1, 8.0) 6.47d (8.3) 6.526.56m
6.58dd (1.9, 8.1) 6.54d (7.9 6.52-6.56m
7 3.07dd (9.1, 14.4) 2.96dd (8.5, 14.5) 2.94-3.11m 2.89-3.13m 3.02-3.20m
3.18 m 3.04dd (4.2, 14.5)
8 5.31dd (4.2, 9.1) 5.09dd (4.2, 8.5) 5.12dd (4.6, 8.1) 5.06dd (3.4, 8.8) 5.19m
5.31dd (4.6, 8.6) 5.48dd (3.4, 9.2) 5.31m
Cl,- 3.73s 3.68s
H-2”  7.09br.s 7.13br.s 7.14br.s 7.16br.s 7.11br.s 7.18br.s
6  7.64br.s 7.62br.s 7.68br. s 7.63br.s 7.52br.s 7.71br.s
The numbers in parentheses are J values in Hz.
TAmI . C-NMR Data for Compounds XI-XVI
Carbon XVI X1V X\/ X1 XII XIT
C-1 119.9 119.7 119.9 119.5 119.2 119.4
2 116.5 116.7 116.6 116.58 116.5 116.3
3 144.8 145.1 144 .8 145.1 144.9 145.00
4 148.0 148.6 148.1 148.6 148.5 148 .4
5 115.3 115.60 115.3 115.48 115.29 115.3
6 121.4 122.0 121.5 121.9 121.5 121.7
7 144.7 144.8 146.1 146.1 145.1 146 .4
8 117.9 118.4 116.1 116.4 116.3 116.0
9 167 .4 167.9 165.5 165.7 165.6 165.5
C-1 127.8 127 .4 127.3 127.5 126.0 128.4 126.5 127.6
2 116.3 116.7 116.2 116.6 116.2 117.0 115.8 116.7
3 145.3 145.0 145.04 145.20 144.8 144.9 144.9 145.03
4 144.2 144.0 144.15 144 .17 143.7 144 .4 143.9 144.2
5 115.64 115.4 115.52 115.6 115.33 115.5 115.3 115.4
6 120.4 120.1 120.29 120.34 119.9 120.0 120.0 120.1
7 36.3 36.1 36.1 36.3 35.9 36.7 36.2 36.2
8 74.3 73.2 73.4 73.8 73.1 74.6 73.0 74.2
9’ 171.3 170.8 170.9 170.9 169.8 171.8 169.8 171.1
C-1” 131.0 131.5 130.7 131.1 131.1 130.7
27 110.0 110.2 110.0 110.2 110.4 110.1
37 142.5 142.9 142.6 142.8 142.6 142.6
4" 143.0 143.2 143.3 143.4 143.0 143.3
57 129.5 129.1 129.7 129.0 128.5 128.9
6” 113.6 114 .1 114.1 114.4 113.5 114.5
7" 160.5 161.9 160.6 162.0 161.8 161.4
8” 107.7 106.6 107.9 106.4 106.0 106.5
9”7 164.7 163.0 164.7 162.8 162.6 162.7
CH,- 52.1 52.0

1619, UV A¥e2% nm (log €): 203 (4.70), 218sh (4.37), IR vEB em™!: 3400, 1685, 1619, UV A¥¢" nm (log e):
240 sh (2.31), 290 sh (4.37), 316 (4.41). '"H-NMR, **C- 220 sh (4.45), 290sh (4.51), 315.3 (4.58). '"H-NMR,

NMR »7"— 7 % TapLe 11 8 L0 Tapee 1T IC7RT, BC-NMR 7 — % % TaprLe 11 3 L OF Tapre 1L IC 339,
Schizotenuin C2 (XV) ZEMA, (o] +47 (c= Schizotenuin D (XVI) #fi5R, SIMS m/z: 357

0.5, MeOH), SIMS m/z: 559 (M+Na)*, 537 (M+ (M+H)* 339 (M—OH)*, 321. Anal. caled. for
H)*, 356, 339, 321. Aunal. caled. for C,;H,004,-5/2H,0: CisH,,04-5/7 H,0: C, 58.56%; I, 3.67%, found: C,
C, 55.77%; H, 4.33%, found: C, 55.74%; H, 4.12%. 58.61%; H, 3.96%. IR vXBicm™': 3423, 3182, 1718,
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Tapre IV. 'H-NMR Data for Compounds XVII and TasLe V. “C-NMR Data for Compounds XVII and
XVII XVIII

Proton XVII XVIIL Carbon XVII XVIII

H-2 7.20d (1 7)* 7.20-7.24m C-1 128.5 128.8

5 6.68d 3) 6.68d (8.2) 2 115.9 115.9

6 7.04<jd\1. 7, 8.3)** 7.03-7.09 m 3 147.04 147.0

7 7.51d (15.9) 7.50d (16.0) 4 146.99 146.7

8 6.37d (15.9) 6.36d (16.0) 5 114.3 114.2

H-2 6.70s 6.69br.s 6 120.6 120.6

5 6.65d (8.3) 6.65d (8.2) 7 145.0 145.0

6 6.54dd (1.7, 8.3) 6.54d (8.2) 8 115.5 115.6

7 2.92dd (8.3, 14.4) 2.91dd (8.5, 14.2) 9 165.7 165.8

3.02dd (4.4, 14.4) 3.01dd (4.0, 14.2) Cr 126.9 127.6

& 5.06dd (4.4, 8.3) 5.04dd (4.0, 8.5) 2 116.7 116.8

H-2” 7.22d (1.7)* 7.20-7.24 m 3 145.2 145.0

57 6.73d (8.3) 6.74d (8.2) 4’ 144.0 144.0

6" 7.07dd (1.7, 8.3)** 7.03-7.09m 5 115.3 115.5

7" 7.24s 7.28s 6’ 120.1 120.1

CH;- 3.69s (3H) 7 36.1 36.3

*** Agsionments may be interchanged. 8 73.0 73.3

The numbers in parentheses are J values in Hz. o’ 170.8 171.0

C-1” 123.1 123.4

27 117.3 117.5

1679, 1618. UV 1% nm (log &): 201.3 (4.41), 220sh 37 145.3 145.3

(4.28), 240.9 (4.26), 290sh (4.48), 312.5 (4.49). 'H- : o e

NMR, “C-NMR ?» 5 — % % Taste I 8 & 0 Tasre HI 6” 123.8 123.5

2R 7" 127.3 127.8

. " 8” 137.6 136.5

Schlzotenuin E (XVII) U)é,ll&:ﬁbkﬂ\*, [a/]%o +-44° (C 9” 164.3 163.4

=0.5, MeOH). SIMS m/z:539 (M+H)"*. Anal. calcd. CHs- 52.2
for CprH,0.,-2H,0: C, 56.45%; H, 4.56%, found:
~ [ .’“ o/ . s ) o) . Kgl; -1. R )‘ , 1 X

C, 56.72%; H, 4.27%. IR vkiy cm™': 3409, 1703, 1609 3 B % W

UV AN nm (log &): 287.9 (4.27), 332.1 (4.24). !

NMR, “C-NMR » 7% % TapLe IV & & OF TapLe V 1) HARSEG SR, T TYOE 3RS RS, R
'E{J[Ei, /f’\,,f&, 1991, p. D- 264.

IR, ; S
o _ ) ) 2) AL @, N, RIFINAS, WUk, AHIE, PER
Schizotenuin F (XVIII) #8655 (OK), mp 120~ Fde, CAREREET) S 2, BRI, AUR 1982, p. 141
122°C, [al® +46.9° (¢=0.55, MeOH). SIMS m/z: 575 3) FEHIE—, SR, #EE 100, 950 (1987); Y. Oshima,
(M4Na)*, 553 (M+11)*. Anal. caled. for Coslly01,e S. Tdkata H. Hikino, Planta Med., 55, 179 (1989).
’ o . i 4) lu,J (e, FAHIAH], V-7, AL, e —
9H,0: C, 57.13%; H, 4.48%, found: C, 57.14%; H, 5% 100, 713 (1980). l \

4.80%. IR vEBx cm™': 3413, 1701, 1633, 1609. UV AR 5> T. M. Penning, J. Pharm. Sci., T4, 651 (1985).
m (log e): 202 (4.72), 214sh (4.47), 230sh (4.34), 6) gifﬁi/EEﬁiL?, fﬁll(%;%), %ﬁ;&éﬁrﬁm;g%%%{s, )Er
‘ AN 34 [A4E S (KBK) ARTREERAE, p. 16 (1987).
1 > 130N —
290 (4.40), 332 (4.47). H"N}YH\’ CNMR #T—F % 7) K. R. Markham, Tetrahedron, 32, 2607 (1976).
Tasre IV 8 L F TasLe VIZRT, 8) H. Wagner, V. M. Chari, J. Sonnenbichler, Tetrahedron
Lett., 21, 1799 (1976).

S 3 Rosmarinic acid M2 M5 S vk L 22 [1L 9) I(-Il.glgz)kul, K. Yazaki, M. Tabata, Phytochemistry, 23, 2398

K ALAHE REE BN, BRI ER RS WEY 10) B. Voirin, Phytochemistry, 22, 2107 (1983).
IR, R — BT (B IR REIR A e R B 11) T. M. Penning, I. Mukharji, S. Barrows, P. Talalay,
F) IR 2T, Biochem. J., 222, 601 (1984).
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