BEES S - LU,

= SRR S S PR & RS A Ak LA e ©
g X7z E. distachya 50 g =L 70 %
acetone |ZIEE L. 1AM=RTHIL, A
ETEMHELTL/48E LEEE, KEMXT
HP-20 4 7 AI2fF L7z, 7K. 30 % MeOH, 50 %
MeOH, 70 % MeOH, MeOH THERIEH L1z, &
7o rvavkEEs v T 74— (TLO)
CHCls-MeOH-H:0 = 65:35:10 O F@% AT
B BIUOm#EKEsIa~v NI T 7 40—
(HPLC) (ODS 7 MER) THMT LTAER, #
12, 30 % (30 % MeOH) 3L 50 % FH T Z
73 (50 % MeOH) 122 < DR DIFFEN
MRSz, £ZC. 30 % MeOH 3L 50 %
MeOH 75 7 a3 v inbOESSEEEIT 7=,
e 757y a® HPLC HOREER. 0.1 %
CF;COOH (TFA) &8 IR THBEN BAFIAT
PNDZEDBALNNI 0T, £EZT, M7 77
g v DO&ERE 13 % CHsCN (0.1 % TFA &4)
BRIEE OB R T o 72, DEERESNZE T
Z 7 v avix CHiCN %{8E#%. KEMZ,
HP-20 %7 AZ@ L, KTHOWEL TFA 2%
WHL7-#%. MeOH OIBEHEIT-7-, -, &
LT ALEYTEESTT MS) B L OBHRRE
i (NMR) A7 ML RRZ, 2908 NMR (H-H
COSY, HSQC, HMBC, ROESY) % gEHZ BT
THZLIZ L VEEREEIT o7,

C. HF7eiER

1., FhHRE

Wt LT~ E distahya50 g & 70 % 7& hv
KIZEEL, =ET, 1EMKE Lit, Zo#
VE% 2[EHED R L, B DAV HIHATRI ST T 4
SIEBICEHELTE N2 TEHRVERE, oh
IKEMATTORE Uiz, TOBRAE CT-REmE
W5 HIE L TR\, AIREZZEXAT A4
HP-20 AW T sra~< N5 7 4 —ft
L7z, BANOKTHoICHSE %, 30 % MeOH,
50% MeOH, 70 % MeOH, 100 % MeOH TJIE/K
WH U, FEH7 77 v a COIRERLITO X

7o T,
H=0; 7.0 g, 30 % MeOH; 1.9 g, 50 % MeOH;
1.8 g, 70 %; 530 mg, 100 % MeOH; 130 mg,
N 14g.

%777 var® TLC BLW HPLC /¥
— U ERRTLIRER, 30% MeOH 7573
BLV 50 % MeOH 75 7 ¥ 3 2% < DRkSY
PEENTNDZEPHALNERY, 7573
VONED HBIE - T2DT, ZTNHbDT T
va VERBERIC S REDR G L Lz,

30 % MeOH 7 < 7 3 3 % Mightysil RP-18
GP column (20 x 250 mm, Kanto Chemical co.
1td.), 18 % CHsCN (0.1 % TFA #i0) ¥4 A,
205 nm THH L THBEZ T o7, TORER. 1k
A% 1, (11 mg), 2 (9 mg), 3 6 mg), 4 Gmg), 5+
6 (5 mg) %157, FRRIZSHBERATV N, 50 % MeOH
757 varyhrbidbaE 8 (12 mg), 4 (11 my),
5+6(20mg), 710 mg) %187z, fhHHBEDTTIL
2 11T,

2. SEHEEMOBERTE

{t&% 1 1. HR-ESI-MS T m/z 395.1319
[M + Nal* (Caled. 3895.1318 for C17H2409Na)
Ry A F &2, 20 FRiT
CitH2409 &t HRE SN TZ, 1 ® H-NMR (@n
pyridine-ds) (ZBW\T, FERISHES Lz 285
DA hEvE (6 3.73, 6H, ), 2 @SOS MR
F7a b (65 6.86, 2H, 8), EFEBEEUATF L
NHEENTE N T A F LT 40 (6 6.60, 1H,
dt, J=15.8, 5.0 Hz, § 6.86, 1H, dt, J=15.8, 1.8
Hz), #*F 1> (5 4.73, 2H, dd, J= 5.0, 1.8 Hz)
BT Nvav VEOT ) Ay 7Fa kv
(65.79, 1H, d, J= 6.9 Hz), 7V L&D 547
(63.93, 1H, m) A58 b7z, BC-NMR 2/
W 2B OFER EOA R THE § 56.5),
MHEEEROLBEA LN Tz =VE (G
153.8x 2, 135.6, 133.9, 105.1 x 2), Z /L LEk
[5 104.8 (G-1), 76.0 (G-2), 78.4 (G-3), 71.5 (G-4),
78.7 (G-5), 6.26 (G-OIPBEEI N, I DI
HSQC, HMBC, ROESY % 2%t NMR %
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ME L7/ ®. 1 1% 35dimethoxy4-
hydroxyphenyl-propenol (sinapyl alcohol) (2 2
NV NVEEOREE LTciE L 5 2 bivlz, HMBC
ARG NJUZRBWT, ZNai Vo7 ) A v
27 H(55.79, 1H, d, J= 6.9 Hz) MHEERODHKTE
(6 135.6) IZFHBARFRBD BN Z &b, 1 1%
sinapyl alcohol @ 4-O-B-D-glucopyraniside T
5D syringin &PE LTz,

{tA% 4 13 ESI'MS C m/z 617 [M + Nal+
WZHHEL A A (CorHa001sNa) & &2 Hivd
I FANBEES, 7RI CerHaoOn &4
ESNTo, TH-NMR AT MUZBWT, 41
FeXy 7z fEeE2zohbdv 771 @
7.24,2H,d, J=8.3 Hz, § 8.75, 2H, d, J= 8.3 Hz),
Ty hALVT 4 H (6659, 1H, 8), 7V
aVNVED25DT ) AY v H(G5.85, 1H, d,
J=9.8Hz, 65.73, 1H, d, J=10.0 Hz) 237BH 5
15, BC-NMR IZBWT, 7T RATEI
TFNVBLIOR2OO I NVva VEIc kA EEZD
NDYTF RO T, LInL2Rb,
HSQC TT7 / AV w7 RF LR SN 7T
JVBS, BHED O 7Ny A ROGEIZEA~D
Y &y 6 76.3, 75.2) 1RO BID T EMb,
C7NadA REHESINIZ, TH-NMR (230
T, 77RO ARIMOT 2 M@ b
NENZ N, TV =006, SAIDRRIC
TN a—ZARfEE LIEELHEI N,
HMBC A7 MUZRBWT, 7T/ AV w7 HEG
5.73, 1H, d, J= 10.0 Hz) I& C-5, 6, 7 (6 160.2,
108.4, 162.5) |ZAREEDS, & 5 —FH DT/ AY v 7
H @ 585 1H, d, J=98 Hz) 1% C7,8, 9 G
162.5, 106.4, 156.3) |[ZAEBISFRD B D Z & 7>
. 2207 N VELT 60 LU 8 ALREIC
FEELTNDZ EDHALMNT o7, BLEDRER,
4 |¥ apigenin-6,8-di- C*B-D-glucopyranoside &
WIE LT,

FDIFEIOAEAPNT DN T b FRED 715 ThEiS
AT ATV, BEEZWRE Lz, k&Y 2 1
coniferyl alcohol @ 9-O-B-D- glucopyranoside T
&% isoconiferin &, {t:E¥ 31X catechin &,

&% 5 & 6 1% apigenin @ 6-C'glucosyl-8-C+
arabinoside BX O/ oV FkET T v
RS- T RMERDR 1 - 1 DIREME L
THLITWD, LB T 13X epicatechin @
3> O-methyl-7- O-B-D-glucopyranoside T & %
symplocoside &WRIE L7z, FE. distachya 7545
bivlcAbaa X 2 1R~ 7,

D. &%

RAUNSF = UFERARIR T S BRIT,
TOTRBEDA T D—>THhD E distachya
ZT70% 7% FoAKTHIIH L HP-20 77 A7 B
~ 8T T 4= E DB BTV, ED—ED
7T a3 ATONT, EhIT, WHERY T AT
&% HPLC H#fEEATol-fER, Rlaik~7=k 5
PRI E & BEERTE LT, 2 DAbaid,
E. distachya 76 DO5RERE 1T < AEWDG
MO TOHHER TH D, LinLni b, BIEET
AKED DB B = DFERIZIINN o2 TR,
HPLC D4R Cld, AlEls T & 7o kA EL
IMTHS < DSBS DTEHENHER STV TV A3,
ER L7APEIN 5 0 g & VD ETH o772,
TNODNEMEBETHZ LIXTE o7,
St LVEL OMEERWTE Y ZL DILEY
ZEERS T DMEN S D EE X D,

E. 5% DFE

E. distachya @ HP-20 5 Z LMD 30 %
MeOH, 50 % MeOH 7 5 7 3 g v ORNFEE S
DEIRDBEEAT S, Fi2, REFD 70 % MeOH
TIU v a v ORGHEEEITY, SbIT, ERE
AR R PR RN LR FEi T S iz
E. distachya %=<0R0%8(200 @ # AFTHZ &
BT, EIORR-5ET, ST
HAE1T o 72 R, 30 % MeOH, 50 % MeOH, 70 %
MeOH 777 v a v #INERLHD T LAHK,
INBT T IV a InBERSOSEEEIT O,

E. W7esesR
SR, FRRERE
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2L

E. distachya (Wakayamya) Dw.559)

70% acetone aq.
at room temp.

Ext soln.
* Mightysil RP-18 GP (Kanto Chemical) xS0t

13% CH,CN(0.1 % TFA) ) teovzgglriteld/survli?;feduced Press.
i) add water of 5 time
iii) applied on HP-20 column

insolblue H,0 30%MeOH 50%MeOH  70%MeOH  100%MeOH
(1.49) (7.0¢) (1.9¢) (1.8g) (530mg) (130mg)
alLC* HPLC*
1 (11 mg) 3 (12 mg)
2 (9 mg) 4 (11 mg)
3 (5mg) 3,6 (20 mg)
4 (6 mg) 7 (10 mg)
5,6 (5 mg)

1 E. distachya 7> 55y O BER ¥ — A

OH Gle
MeO HO O HO 0
""" 0H MGOD/\AO—GIL- "mGOH O | O on
Gle—0 HO OH Gle
OMe 2 OH 3 OH O
4
1
Ara Gle OMe
HO o HO o . Glc = glucosyl
OO0y O =y ol Son (=
Glc Ara "oy
OH O OH
5 6

OH O

2 K. distachya /3B ST Ab &M O E
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JEAETH R AR TR B (RIS HEE T JE 5 26)
W

RIV—ER T I BHEY Ephedra americana DES-HET 2K

WA R HEsE
WroesyisE BAM Hi
SrpbgEE EE A
AL v R AV 2

Whmrges AR FA

WK %
IEF TP SR NES
MRFNSERL K %

PR SCHLR S | SREE5R A
R AN R} A

FrEBu%

eI

~NY—pE A T JBNEY) Ephedra americana D A % ) — VIO BHRY 7 = ) — VR
DGR E B EFEEATV, Filc 21 Mok &% Bt L 7=, —%Rot NMR 12 & A&
FEAT L O CD A L A SR BT 21T o 72 & Z A, Atype 7R T b 7=V 8
&, 7R A RAFE, VZFy - xAV TS 4f, XLV UFEKITE, o-T b
Tu A 1 FEORENRHA LN E oTe, HE—BIRROME, Atype 7uT7 v b7 =
V2L T T H VUV OFLRE 1L ERERAAEMTHY . FUXVUBER 1IEE o-T b
Tu U PE LN KRB TOHEEETHD Z & 23R L,

A BFZEER

BIEABARTCHELIL TS AT (BRHE) 1.
AARZE S Clid. Ephedra sinica Stapf.
Ephedra intermedia Schrenk et C. A. Meyer
XX Ephedra equisetina  Bunge

(Ephedraceae) O FZETHY | BELED
DIZHwT NV I AR [(=m7=RFY v

(CioH1isNO : 165.23) LTV A F=T7 = K
Y (CwoHisNO : 165.23)) % 0.7% Ll E%w5&
LbDEINTND, w4 VIR (Ephedra sp.)
iX~<4vF (Ephedraceae) ME—DETH Y |
2—F T RERICK 40 FE, 77U BT 11 &,
T AV J KEERENCK 80 A LT\ D, £
DT, Ephedra americanalX, BXT T A
WARD =27 7 RADE T AE L FAZPT T
DA DL OFEHE LI F O KI5 LT 5,
Z OFEIE, WHIO R EE O RO KT
DEWEEE A, FIEDIZ b2 HiLs 03,
HRETIEHKRETERWEEIND, KETD &
1.8m LR 2 HERIEARTH Y | FKOEEE e
RESCECODREET —FEPEL DT, 6 AD
T BT THE R 5, FEITMERE A T
LMD D D3, —ODRIZEL HLDIEL
DL HIEEHEENREF>Z &L CRFNTED
N, BEZBIILRY, $l, REZEHR LT
LT EDBHD, REOERZEIT Smm TZERN &
Do HIFEDLDLHBELIEbDEBIE LT
b, A THLERXLNTWS, A TERLE
B, BVENELS, BRICT 2R bEHWEN L
WEND, ZITFEPINETEHBEIETES &

W9, £, E americana ™7 = RV U &E
FNTWRNE ENTWAD, B TIZFOH
LA RMEE L CHERA LTV,

KR TIE, ZO=T7 = RY UZ2EENLTWY
RN E XITWD E americana D RS BLBR
i E, TOMRSRREEDTNSE, 4E, B
A EMOREEEEBERE L, 80% AKX ) —
Jv S OFEE T o 77,

B. B4 HE
1. WFsealel, HEtoHMH LK O HE

B LTUV—BED Ephedra americana
DO L 9.15 kg & vz, FEtORHIZIE A
& ) —n (MeOH) %W, & b7z MeOH
T ITA AR HslE (DIAION HP-20) %
FAWTHE Lz, (RIFEMEREESR)

2. R4y HEERERI

80% A & J —NVEEHESY 81.839 g T A F L
N7 K (DMF) 30 mL (ZIEfEL. 30%
MeOH 70 mL IZ THIRE, =7 4T Al
MU BN (ODS) A—7vhThsrua<
F7Z 74— (OCC;5cm x50 cm) (2L,
30% MeOH (500 mL), 40% MeOH (1 L).
50% MeOH (1 L). 60% MeOH (1 L). 70%
MeOH (1L). 80% MeOH (1L). 90% MeOH

(1 L), 100% MeOH (1 L) TiEH &H,
ODS-TLC IZ31) 55/ R ST 254 nm & #fk
PRI ZERDOMAEA L ARy FETIZLT 14
BD7 57 3 ATSE Lz,

& 51T Sephadex LH-20 %=\ \7= OCC (8
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tH : MeOH) IZ L2 5B 21TV, H#%IZ ODS
ERHWESRERBREI e~ N T T T 4 —
(Prep-HPLC ; B&i#H : 72 h=F VU /1/0.1 %
FER) I X BBRICEIY LA 1 (12.7mg).
2 (56.7mg). 3 (1.4 mg). 4 (69.3mg). 5 (6.0
mg). 6 (2.1mg). 7 (14.9mg). 8 (2.4 mg).
9 (3.7mg). 10 (9.4 mg). 11 (3.9 mg). 12
(12.5mg). 13 (29.8 mg). 14 (1.9mg). 15
(7.8 mg). 16 (8.5mg). 17 (3.3 mg). 18 (2.0
mg). 19 (12.2mg). 20 (7.5 mg) #FNhFh
HBEEL 72,

3. HBEHLAYOEERRYT
NMR BIEIZIZ LT DEE % Az,
AVANCE 700 (Bruker BioSpin)
Unity INOVA 500 (Varian)
£72. NMR OF —Z # Y 7 +Zid MNova
(Mestrelab Research) % f\ 7z,
MS @ E & X QTof micro
(MICROMASS/Waters) # FV>, MassLynx
4.0 (Waters) I TR 21T o7,
UV KO CD % J-820 Spectropolarimeter
(JASCO) & ORDM-401 (JASCO) ZHWT
B E L 77~, IR I FI/IR-6300 Fourier
Transform Infrared Spectrometer (JASCO)
ZHAWTHIE LTz,

C. BHEfER
1. HEHLEWMOEERNT

L& 4 1IIRBEOIERBREME L LTHEDL
L, HR-MS., H KO B3C-NMR X v &+t
CsoH2001 EHEE 172, 7t NMR (COSY,
HMBC, ROESY) DM 4T (R 1) 12k v,
FEXELE A BT Atype 7T v b T =Vv
DEFEENHBA L, £, 79K/ 4 N
BER Gy DIER SLABLEIZ DWW T, CD A |k
NT =B EFBITRE LIZE Z A, [0]ss=+0.4,
[61256=—13.0 £ V. (2549 Th 2 LHEES
M7z, SciFinder |2 X 2 & —ERBORERE.
A EDIFRILEMTHD Z ENHBA L,

{bEY 14 1IEBEOIEREME L LTHED
L. HR-MS., H X 3C-NMR X Y 45>+
EZRFRTIFREEND CaaHasNO1w2 EHEFE SN,
Z ot NMR OFEM 72 fRHT DFER . A-type 7' 1
TURYT =00 A BESIIERY Y v
BORKE LT-EBETHIEHALE (M2), £
72. CD A7 "7 —4% ([0 ]ss=+0.3.
[01s6=—2.7) LV, a7 v o T7T=U0E
3 DFEXSARERE 1L, (28,3549)-1KThH B & H
ESNT=N, ¥rl P/ VBRSSO AERE T

WHETE oz, BE—BRBOKE, KM
EIFHRIEEmTH D Z L ANHBA LT,

{LEW19 RN 20 I3 KBBOIEREDE & L
TEHELIL. mFRTFNLEFR CisHi005 BL
C12H1003 & #EFE S 77, ¥Rt NMR O #EHT (1
3) 12k v, WAL 2-naphthoic acid &
ETHDEHPA LR, EBE—BRBORE, 1L
EW 19 IZFHRILEH TH Y | (LA 20 1T KK
DHEFOTOHEBETH D Z &AL,

L&Y 5 ITFBEDIEEEME L L TELN,
HR-MS. 'H k& 3C-NMR kv, &5+=Ux
C12H1402 & #EE S 372, Rt NMR O 24T (K
3) WLV, a T FIuVETHDIEIRESN
7o, BE—BREROFRR, MEEMIIREND
VD COHEBETH D Z &AL, st
BEIZOWTIISHBBRFTT A TETH D,

T DD BB AT OV T, Bl R
7 MVEEATIC LY, BEE CTHD T TR ) A
N¥E (k&9 1,2,6,12,18,15). U 7' F ¥ (kb
&% 8,16,17,21), Atype 7’7 by T =Y
VHE (k& 38,7,9,10,11,18) TH D LHEAL
72 (K4, ZhboN, bkE® 181k, 7 IR
JA R 3HTFREE LIEEE /T H2, IR
BEICOWTIIRETE 2o T,

D. B%

Bric iz 22 O &% BB L, &kt NMR
12 K BAEEMEAT KON CD (T &L B ekt Sz ARER B AR
W&EToTE A Atype 70TV b T =0
V8FE, TIRI/ANTHE, VI/Fv - xZV
Tl AFE, FUXVUBHBEER2TE, o-T b
Tu E 1 EOBERHALN L o, #E—
BMBOFEER, Atype 77 Ry 7T =02
BeTFT 72 VU BEE1IBRTFRILAMTHY
FTUEZVHEERK 1B - T IO E L E
DRARDPOYD TORBETH D Z LA L
7o

HEEEIERE LB O 2 B i A-type
TuT T =V ThAHILEY 14 13,
ephedrannin AV ® A B SAZlc 1 U2 ) v
FEELEBEEZFE LD ThHoT-, BEERETF
EELT7 IR A RTIERELEVRESNT
BL9Y, ke, ZEBRTHHTuT MU T
SUVICHEE LEEEIIS EIAID TOHE
L5,

Sk, Wi BDILBEMOBEELITY Lk, B
Bt SN Ab & Okt SLRE B R EIZ DWW T
BT ED B FETH D,
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F. BFgEFEE
A SCIE RS
mL

1) ~YUVv—J€ Ephedra americana %5y HF5E
(2) . EMEZ, B B, BR&F BARE
et 61 BEx (fB[]) 1P-19.
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OH OH o~ : HMBC correlations
»~..» . ROESY correlations
= : COSY correlations

~o~ : HMBC correlations
s ROESY correlations
—— : COSY correlations

{785 859}
p ~

H H \O
7384 128.0)/136.5\122.9 Y{|169.4

% 25.1CHgv, OH

Compound 19 Compound 20 Compound 5

o~ : HMBC correlations
#._« - ROESY correlations
= : COSY correlations

3. {b&W 19, 20 BN 5 @O %It NMR 2 & B AEEmEAT
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HsC._ _CHa
OH OH OH
HO o) @[ HO o) ‘ HO o) O
DR d§ 9@
OH
OH O

OH O OH O
Compound 1 Compound 2 Comp

OH OH °U6”d OH
HO 0 O HO 0 O
0
90T ee
OH ®

OoH O OH O OH O
Compound 12 Compound 15 HyC.. O o
i i LT
CH; OH CH; OH HO
Compound 19 * Compound 20 *** Compoun

d13

o] O 0
O e}
HeC” ?\/N\OH HaC” g\}_‘ HO\@ii"”CHS
0 O
o) e CH
HaC™ ]Q OH HaC jij o 3

Compound 5 ***

HO HO
Compound 16 Compound 17 OH  CHj
O/CHS
OH
(0] CH
HaC™ o” " CH,
H O
HO N
(6]
~
HaC Compound 21
0
“CHg
CHz OH Compound 8

* New compounds
** New compound isolated in previous work
*** The first isolated compounds from nature

X 4-1. HBEHMLE®O#EE (1)
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Compound 7

Compound 9 Compound 11

Compound 14 * Compound 18

* New compounds
** New compound isolated in previous work
*** The first isolated compounds from nature

X 4-2. HEHLAYHOEE (2)
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JRETHBR AR Bh & (RIS HEENT TR 9 28)
Wi &

RAVEERSOERBBETF OB

WrgetiaE
Wrgesy
Wrge sy HE
YAk
N AR
Wrgeim 3
kg %

5
5
e B
AR
/N
Eia
A

T
i
IEPN
E2UN
TR
iy
F53E

RARURERTE 2%

TSR D N S GRS G s

BEFIRA RS #ax

RN R FIEFER e

A RZERFERES(CER

TR R R LR REEBA
DGR ENE AT EDNMIFZERT 7 v—T R

WHIEE E

ATV,

Z O EST data OfEFT #4795 =

AT UDOTFERSTHIZ T2 RYURT VD0 A R
DEGRBESZEBIEFO I a—= 0 7L FOEEMRSRERT 2 BHY &
LIEWFgED—8E LT, EAMOERGTH 5, benzoyl-CoA s B /L
EUBRONEE BT O MRB LT OBRERTo7=, £7. v VEHEY
3TN D mRNA ZHiH L, iy —27 =¥ —% HVC EST fi##h
EST data DR EIT o7, WIZELNTZT —FZ OFRnn, E
HEETF 208 UCHAMZ & R BE B &Y, BMEEERR Y
Tolz, L L, BHORIGERY i TE oo le, BIfE, BEHR
BORGRAF O FRRETOH e BB E T ORBEITo TN D,

LT, =7 = N VEARICEET
DB TFDRIESND BBV D EHFETE 5,

A BIRE®
B16WEHAERTTIL, £F~A
v % . Ephedra sinica Stapf . Ephedra
intermedia Schrenk et C. A. Meyer X L
Ephedra equisetina Bunge (Ephedraceae)
O EXEFHERELIZbDOT, BTV m
AR [(=m7=FVU > (CeHNO : 165.23)
FEOXF A R=T7 = RY 2 (CHNO :
165.23) ] 20.7% ULEZELHOTHD
EHEShTWVD,
EEFTVDEER S THLTT7 = R
VAR, 7= T T = HED benzoyl-
CoA L ELVEVEMPHES Licth, T/
b, B, AF bR TEGHRIND
(B1) . ZHbEARBELESHTH

EBIXEHINTHDE 00, AERRIZE
B3 AREEEFICELTUIIZEASH
HINZ 722 TR,

FIT, A UEBEMNL=T = R
VEAREBEERTE I n—= T L,
T OFEMREBITETAZ AL
L CARFZRIZETF LTz,

ASENE. Bz, = 7= RYURTID
A NEGRORERETH D, benzoyl-
CoA L ENVEVBROMEE #1T 2 BERElR
FOBRBEEIToT2, TNHEERERT
BEALMNTRDZ LT, WHEESAES
RELEFEEHE L~ T DS FEREN
AEEIZRBD LB DD,
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Fxldo 7= RV VAEEGREER AR
DEGFHLRT 7u—F L LThPE
DNA #FERTO# 710 % & EST data DREEL
fTo7z, Z @ EST data DfENTZITH =
LT, =7 R VAEARRICEET A&
BFOBEE~DREINVIZ/R D EHFET
x5,

B BEAE
1. EBRMEIE TV T
(1) Ephedra sinica :

SR AEFEE CRIERAELTL
2 fEA,
(2) E. distachya :

AR R FEAEY R CHERFL
TV B,
(3) E. gerardiana :

BRFSER R FIEAEME CRHIERF L
TV B ER,

ZNENDOEENSG, RO L S ITHAL
TV T L, ERICHE LT,

E. sinica: 8. Fifd) LHE, i TEC. 8
. HURER, B

E. distachya: i, #fif#_EEE, B TES,
RIRES, iR,

E. gerardiana: &, Eifd] B, ST
BB, HTFER,

2. WKy —2r7 =Y —i2k b EST f&

Hr

Yo7y T LT BEAL D mRNA %
HH L, 29 & DNA BFZERTORFTAE LT
W — 27 =¥ — (illumina HiSeq
1500) 2% % mRNA 3 v hH L —7
TURAEIToT, RWTELNTZEST
— X |Z-DUN T CLC Genomics Workbench
version 5.5.2 (clebiott) ZRAWETE T
NETFH L Tars o Z&2ERL, 5
—HF X=X L LTz,

3. 27 = N VARRICEET 2 EMHE
EFDOBEE

Benzoyl-CoA & B /LB U EEDMEAEERIL
Thiamine diphosphate (ThDP) % i35 & 9
LEERTHDZ ERHER I TNDE (X
2) , £Z T, EST data &AWV T, BE&D
ThDP {K7FEESR T, REF SN TV DES %
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Abstract We investigated the ephedrine alkaloid [(—)-
ephedrine and (+)-pseudoephedrine] composition ratio of a
crude Chinese herbal drug described in the Japanese
Pharmacopoeia ‘Ephedra herb (Chinese name: Mahuang)’.
There were marked changes in the alkaloid composition
ratio of wild plants in areas where both male and female
clusters coexisted. However, in genetically homogeneous
areas with the growth of male or female clusters alone, all
of the coefficients of the regression lines were positive, but
each gradient varied. This suggests that the alkaloid com-
position ratio has a clear tendency in each individual.

A part of this study was already reported in the 131th conference of
the Pharmaceutical Society of Japan [2011.3, Shizuoka (this
conference had to be cancelled due to the disaster)].
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Based on this, we cultivated individuals for vegetative
propagation, and evaluated the alkaloid content ratio.
Those propagated by separating the roots showed a specific
tendency regardless of the cultivation area (Wakayama,
Tanegashima). Those propagated by separating the herba-
ceous stem showed a specific tendency regardless of the
soil or harvest time. In addition, we surveyed the (—)-
ephedrine content ratio of 3- to 6-year-old strains. There
was a high positive correlation coefficient between the
previous and subsequent years. These findings suggest that
the ephedrine alkaloid composition ratio of Ephedra herb
depends on genetic factors, but not on environmental fac-
tors or the growth period.

Keywords Ephedra sinica Stapf - Ephedrine -
Pseudoephedrine - Cultivation - Division - Cuttage

Introduction

The 16th Revision of the Japanese Pharmacopoeia [1]
describes the total ephedrine alkaloid [(—)-ephedrine (Eph)
and (+)-pseudoephedrine (P-Eph)] content of a crude Chi-
nese herbal drug ‘Ephedra herb (Chinese name: Mahuang)’
as >0.7 %. The two components are diastereomer with
similar structures, but their drug efficacy differs; however,
their contents are not described. Concerning their drug effi-
cacy, Eph shows more potent asthma-reducing action [2] [3]
and blood pressure-increasing [4] action compared to P-Eph.
On the other hand, the anti-inflammatory effects of P-Eph are
more marked than those of Eph [5]. Therefore, Ephedra herb
preparations should be selected in accordance with the
content ratio of the two components. Zhang et al. [6] rec-
ommended that Ephedra herb, containing a higher level of
Eph, should be used to resolve coldness through sweating or
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reduce cough/asthma (maoto, makyokansekitou), while
Ephedra herb, containing a higher level of P-Eph, should be
used for anti-inflammatory/analgesic effects (dokkatsukakk-
onto) [7]. Previous studies reported Ephedra class/regional
differences in the alkaloid content ratio. Concerning the for-
mer, the P-Eph content is higher than the Eph content in
Ephedra intermedia, while E. sinica and E. equisetina are the
opposite [8, 9]. Concerning the latter, among commercially
available Ephedra Herb, the P-Eph content is higher than the
Eph content in the Gansu and Qinghai Provinces in China [10].
Among wild plants, the alkaloid content of Ephedra herb and
the P-Eph composition ratio are higher in areas with a low
rainfall [11]. However, in these studies, the relative ratio of Eph
and P-Eph in Ephedra herb was reversed in some cases despite
having the same place of origin. This was possibly associated
with complex factors such as the growth environment/period
and genetic factors; however, the details remain to be clarified.
In this study, assuming that differences in the content ratio are
primarily related to genetic diversity, we first surveyed wild
Chinese plants in genetically diverse areas where both male
and female clusters coexisted and genetically homogeneous
areas with the growth of male or female clusters alone. The
latter refers to areas with clusters consisting of the same indi-
vidual connected at the rhizome, although they seem to be
several individuals on the ground. For example, E. sinica
extensively elongates its rhizome under the ground in com-
parison with other Ephedra plants such as E. intermedia and
E. equisetina, forming such a cluster. In this study, we evalu-
ated clusters in the Hebei Province and Inner Mongolia region
of China.

Second, we cultivated genetically stable clonal strains
through cuttage/division to investigate the influence of
growth environments and the alkaloid content ratio. As the
aerial part is used to prepare a crude drug, Ephedra herb,
the rhizome remains, and it is possible to harvest this plant
every year [12]; however, it is unclear whether the alkaloid
content ratio is stable. We cultivated several genetically
different strains, and investigated 3- to 6-year-old strains
for a follow-up survey for several years.

Materials
Ephedra sinica Stapf (wild plants)

Collection area: Chifeng 1 in Inner Mongolia (male and
female clusters coexisted, altitude 330 m and 430 m in
2010 and in 2011, respectively). Sample nos. 100623-3,
100623-4 (several individuals in the same cluster),
110725A1-1~Al-4, and 110725B1-2~B1-5. Dates of
collection: June 23, 2010, July 25, 2011. No. of samples:
14. Deposit site: Kracie Pharma, Ltd.

@ Springer

Collection area: Chifeng 2 in Inner Mongolia (male and
female clusters coexisted, altitude 680 m in 2010 and in
2011). Sample nos. 100623-1 (several individuals in the
same cluster), 110726A1-1~ Al-4, and 110726B1-1 ~B1-
7. Date of collection: June 23, 2010, July 26, 2011. No. of
samples: 14. Deposit site: Kanazawa University.

Collection area: Chengde in Hebei Province (male
cluster consisting of a single individual, altitude1,350 m).
Sample no. 02139. Date of collection: June 10, 2002. No.
of samples: 9. Deposit site: Kanazawa University.

Collection area: Baotou in Inner Mongolia (gender:
unclear, cluster consisting of a single individual despite its
appearance involving different individuals on the ground,
altitude 1,380 m). Sample no. 100720-10. Date of collec-
tion: July 20, 2010. No. of samples: 5. Deposit site:
Kanazawa University.

Collection area: Xilinhot in Inner Mongolia (gender:
unclear, cluster consisting of a single individual despite its
appearance involving different individuals on the ground,
altitude 1,060 m). Sample no.7081801. Date of collection:
August 1, 2007. No. of samples: 5. Deposit site: Kanazawa
University.

Uncertain species (cultivated plants)

The EP-13 strain, which was introduced as Ephedra di-
stachya, was used. Cultivation area: Wakayama or Ta-
negashima Division, Research Center for Medicinal Plant
Resources, National Institute of Biomedical Innovation.
Cultivation method: division/outdoor cultivation. Date of
collection: Wakayama, December 15, 2011, Tanegashima,
December 13 and 14, 2011. No. of samples: Wakayama 9;
Tanegashima 26. Deposit site: Kracie Pharma, Ltd.

E. sinica (cultivated plants)

Collection area: Medicinal Plant Garden of Kanazawa
University. Cultivation method: cuttage/cultivation with
wagnerpots for 2 years (annual transplantation). Soil: river/
mountain sand, loamy soil (small, hard grains); Kanuma
pumice (small grains); volcanic gravel in Kiryu, or com-
mercially available soil (‘Soil for Planters’; Akimoto
Tensanbutsu Co., Ltd.). Date of collection: (1) November
22, 2011, (2) September 18, 2012. No. of samples: (1) 12,
(2) 11. Deposit site: Kracie Pharma, Ltd.

Collection area: Medicinal Plant Garden of Kanazawa
University. Cultivation method: seedlings were planted in
1/5,000 or 1/2,000 wagnerpots, and cultivated from 2004
(Autumn) until 2010. Soil: river sand (the inferior layer of
the soil was mixed with a chemical fertilizer [Futsukasei
no. 8, Fujikawa Egg, N:P:K = 8:8:8, 10 g/pot]) or one of
the following 5 types: (1) commercially available soil
(‘Soil for Planters’; Akimoto Tensanbutsu Co., Ltd.), (2)
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loamy soil, (3) commercially available soil + loamy soil
(volumetric ratio: 28:18), (4) commercially available
soil + alkaline agent, or (5) loamy soil + alkaline agent
(alkaline agent: 10 g/pot of magnesium-lime carbonate or
nitrogen-lime). Watering conditions: diluted artificial sea-
water was given once a week, and groundwater once a
week (composition of artificial seawater: NaCl [special
class] at 86.8 g, MgSO4/7TH,O [first class] at 20.8 g,
MgClL,/6H,0 [special class] at 15.7 g, CaCl,/2H,0 [first
class] at 4.5 g, and KCI [special class] at 2.2 g were dis-
solved in groundwater to prepare a volume of 3 L). Dates
of collection: September 2007, September 2008, Septem-
ber 2009, and September 2010. No. of samples: 100 (some
of the samples were blighted during the study: 5-year-old
plants 95 samples, 6-year-old plants 90 samples). Deposit
site: Kanazawa University.

Methods
Quantification of alkaloids

Quantification was performed as described below. Some
tests were conducted in accordance with the quantification
method described in the Japanese Pharmacopoeia. In some
samples, we compared differences in the Eph/P-Eph ratio
between the two methods, and confirmed that the rate of
difference was <5 %.

Preparation of sample solution: the mobile phase of
HPLC at 5.0 mL (described below) was added to each
sample powder at 100 mg, and placed at room temperature
for 20 min. Subsequently, ultrasonic extraction was per-
formed for 25 min. Each solution was centrifuged at
3,000 rpm for 15 min. The supernatant was filtered using a
0.45-pm membrane filter (Minisart RC25; Sartorius Ste-
dium Biotech), and used as the sample solution.

HPLC conditions: an L-2130 pump, L-2200 autosam-
pler, L-2400 UV detector, D-2500 integrator (Hitachi), and
Handy ODS column (4.6 mm I.D. x 250 mm, no. 14562)
(Wako Pure Chemical Industries, Co., Ltd.) were used.
Column temperature: room temperature. Flow rate:
1.0 mL/min. Detection wavelength: 210 nm. Mobile
phase: 27 mM sodium lauryl sulfate (SDS) solution/
MeCN/H3PO4 (305:195:0.8).

Result
Correlation coefficient of Eph and P-Eph in wild plants
In two areas where both male and female clusters coexisted

(Inner Mongolia Chifeng), all of the coefficients of the
regression lines were negative (apart from the regression

equation in Chifeng 1 (2010) which was y=
—0.85639x + 0.5013 (r = —0.9335) and in Chifeng 2
(2011) which was y = —0.8817x + 1.4036 (r = —0.7605);
regression equation: y = ax -+ b, a: regression coefficient);
however, there were individual differences in the alkaloid
content ratio (Fig. 1). In samples obtained in 2010, the
alkaloid content was lower than in 2011. This was possibly
because samples were collected earlier (late June) in 2010,
and seasonal variations occur in alkaloid contents. A study
reported that the alkaloid content of samples collected in
June was lower than in July [13].

On the other hand, in individuals obtained in an area with
male clusters (Hebei Province) and the herbaceous stem of
the same individual connected at the rhizome (two areas in
Inner Mongolia), all of the coefficients of the regression lines
were positive, but each gradient varied. The regression
equation in Baotou was y = 2.2874x — 0.0703 (r = 0.9544),
in Xilinhot was y = 0.0707x—0.0007(r = 0.9597), and in
Hebei was y = 0.9931x — 0.084(r = 0.8603) (Fig. 2). In
those from Hebei Province, the correlation coefficient was
markedly lower than in those from Baotou and Xilinhot.

Eph-to-P-Eph content ratio in cultivated plants
(division, outdoor cultivation, cuttage, cultivation
with wagnerpots)

There was a high correlation coefficient in the alkaloid
content ratio even when Ephedra plants were cultivated
using the division method in the two distant areas of Wa-
kayama and Tanegashima (the regression equation was
y = 0.1318x + 0.0002 [r = 0.9799]) (Fig. 3). When the
cuttage method was used, there was also a high correlation
coefficient in the alkaloid content ratio, although the type

1.5, OChifeng 1 (2010)

o Chifeng 1 (2011)
e OChifeng 2 (2010)
5 = mChifeng2 (2011)
' 2104
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Fig. 1 Relationship between ephedrine content of wild Ephedra
plants (Ephedra sinica Stapf) increased by sexual production and
pseudoephedrine. Regression equation: Chifeng 1 (2010) (n = 6)
y = —0.85639x + 0.5013 (r = —0.9335); Chifeng 1 (2011) (n = 8)
y = —0.2811x + 0.195 (r = —0.2841); Chifeng 2 (2010) (n = 3)
y = —0.2242x + 0.5465 (r = —0.6687); Chifeng 2 (2011) (n = 11)
y = —0.8817x + 1.4036 (r = —0.7605)

@ Springer

- 152 ~



66

J Nat Med (2015) 69:63-67

1.5 7 BBaotou
4 Xilinhot
O Hebei

1.0 -

FO
A

0.0 kA

0.0 0.5 1.0 15
Alkaloid content of ephedrine (%)

0.5~

Alkaloid content of pseudoephedrine (%)

Fig. 2 Relationship between ephedrine content of wild Ephedra
plants (Ephedra sinica Stapf) increased by asexual reproduction
(genetically homogeneous areas with the growth of male or female
clusters alone) and pseudoephedrine. Regression equation and
correlation  coefficient:  Baotou  (filled square) (n=25)
y = 2.2874x — 0.0703 (r = 0.9544); Xilinhot (filled triangle)
(n=15) y=0.0707x — 0.0007 (r = 0.9597); Hebei (open circle)
(n=19)y=09931x — 0.084 (r = 0.8603)

of soil and harvest time differed (the regression equation
was y = 0.9837x — 0.0233 [r = 0.9799]) (Fig. 4).

In several 3- to 6-year-old genetically different seedlings,
there was a high correlation coefficient in the content ratios
(Eph/Eph + P-Eph) of individuals between each year and the
previous year over 4 consecutive years despite different soil/
water compositions. The regression equation between 3-year-
old and 4-year-old was y = 0.9519x + 0.0666 (r = 0.9534),
between 4-year-old and 5-year-old was y = 0.9284x + 0.0687
(r =09719), between 5-year-old and 6-year-old was
y = 0.9565x + 0.0373 (r = 0.9835), and between 3-year-old
and 6-year-old was y = 0.8786x 4+ 0.1421(r = 0.9564)
(Fig. 5). There was also a high correlation coefficient in the
alkaloid content ratios (Eph/Eph 4+ P-Eph); however, the
coefficient of the regression lines was slightly lower and the
intercept was higher than those between each year and the
previous year. This suggests that the Eph content ratio slightly
increased in comparison with the previous year.

Discussion

In areas where male and female clusters coexisted, the
alkaloid content ratio varied (Fig. 1); this was possibly
because several individuals with different genetic infor-
mation through sexual reproduction coexisted in such
areas. This is also supported by the results of a study
investigating serial changes in cultivated plants (Fig. 5).
The test strains were genetically different seedlings. The
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Fig. 3 Relationship between ephedrine content of cultivated Ephedra
plants (uncertain species, EP-13) (dividing roots/raising outdoors) and
pseudoephedrine. Wakayama (filled circle) (n = 9); Tanegashima
(open circle) (n = 26)
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Fig. 4 Relationship between ephedrine content of cultivated Ephedra
plants (Ephedra sinica Stapf) increased by dividing shoots/cultivating
in wagnerpot in Kanazawa and pseudoephedrine. Collection dates:
November 22, 2011 (filled circle) (n = 12) and September 18, 2012
(open circle) (n = 11)

alkaloid content ratio (Eph/Eph + P-Eph) ranged from
0.2—1.0. On the other hand, there was a high positive
correlation coefficient of the regression line in areas with
the same individual male clusters alone (Fig. 2), which
suggests that the alkaloid composition ratio has a clear
tendency in each individual. In the area of Hebei Province
surveyed in this study, almost all strains had male flowers,
whereas there were no female flowers or flower-free indi-
viduals. In areas with male clusters, plants undergo asexual
propagation. Therefore, a cluster may be derived from a
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Fig. 5 Relationship between alkaloid rates (content of ephedrine/the
total content of ephedrine and pseudoephedrine) of 3-year-old (n =
90) cultivated Ephedra plants (Ephedra sinica Stapf) in Kanazawa
and 6-year old plants (n = 90)

single individual elongating its rhizome. However, the
correlation coefficient was markedly lower than those of a
single individual or cultivated clonal strain. This may be
associated with the possibility of multiple strains and
growth period-related changes in the content ratio in the
same individual. Concerning growth period-related chan-
ges, a 4-year follow-up survey showed that the Eph content
ratio (Eph/Eph + P-Eph) slightly increased in comparison
with the previous year (average Eph content ratio of 0.72 in
the 3-year-old strain; 0.75 in the 4-year-old strain; 0.76 in
the 5-year-old strain; and 0.77 in the 6-year-old strain.
Even in the same individual, there may be a variation
between two points with an interval of >10 years. A long-
term survey should be performed every 10 years. The scale
of the area with male clusters in Hebei Province was rel-
atively large, but it was very rare autogenesis ground. The
scale of areas with the cluster of a single individual was
extremely small. Based on these findings, it may be diffi-
cult to continuously obtain Ephedra herb in which the
component content ratio is stable, from wild or seed
propagation-mediated cultivated plants. On the other hand,
the alkaloid content ratio in cultivated plants multiplied
through division or cuttage was constant despite different
cultivation areas/conditions (Figs. 3, 4). Briefly, the alka-
loid content ratio depends on genetic factors, but not on the
environment or growth period. We can obtain target
Ephedra herb by selecting a strain with an alkaloid content
ratio at which the target pharmacological activity is more

potent than those of other alkaloids, and cultivating clonal
strains using the vegetative propagation method.

On the other hand, as a limitation, the ephedrine alkaloid
contents (Eph + P-Eph) of genetically equivalent clonal strains
cultivated in the same area ranged from 0.1—1.0 % (Figs. 3, 4).
Even among wild strains connected at the rhizome, the ephed-
rine alkaloid content of the aerial parts differed (Fig. 2), sug-
gesting the influence of differences in growth. However, it is
very difficult to standardize growth of all individuals and a
method to increase the average content should be investigated.

Using these methods, it is possible to obtain a stable
crude drug, Ephedra herb.
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A study of alkaloid contents in the herbal stems of Ephedra equisetina
Bunge and E. sinica Stapf cultivated in the same field for 8 years.
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FEOHFBY A VIIVERREETICBNWT, FRFMMICSEMER L ZEphedra
equisetina Bunge & E. sinica Stapf DEEZED 7 )V REBERE LR, fiENE
BizEh-o7. ThbbE7ILAnS RERIIEETIERELT, RERTTIRARL,
BOEVWHGEZEZ L TWAARMEIRB I N, BE, FAREOREI—RICEET
TabnTn2H, BREET TEEREZEB AT T2HICE T IVIOA FEEMEN
EEICH D ZENHMONTNS, 5%, HERICBWTEREL THRIOEBEKICHE
BTET7INAHOA FEROBVWREZERT2DIKE, INETRESRETHS &
SNTEE. equisetinaDIRIELERFHTE I LBEETH 5.

Abstract

We collected the herbal stems of Ephedra equisetina Bunge and E. sinica Stapf cultivated in the
same conditions for 8 years in Pole, Xinjiang autonomous region, China. Comparing the alkaloid
contents of them, those of E. equisetina were apparently higher than those of E. sinica. The result
indicated that not only the habitat but also the species affected the alkaloid content of Ephedra

plants. Generally, E. sinica is cultivated in China, but it is said that the alkaloid content of wild
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Ephedra plants in a rainy or high humidity area is lower. The result of this study suggested that

cultivating E. equisetina is worth to harvest high quality Ephedra in alkaloid content in Japan,

though it has been thought to be rather difficult than E. sinica.

Frai
IR TR BEBL6MERAERFITBW
C, Ephedra sinica Stapf, E. intermedia Schrenk
et C.A. Meyer, E.equisetina Bunge 0 3 FaSRE
ENTNWBY, 3FEDSBD E. equisetina 13,
7NV AhOoA4 RER (ephedrine &
pseudoephedrine DEFEDEEN AMUD 2FL D
HEVNENIERVPEBHE SN TNDH2ID
2, INSORRIIHEREZHELZBODT,
ThAHOA RERICEEERITESEALN
HEFH, EFFER, EFRELEOEFSR
HER—FTRARW., FBIREZHEIES
HEFHEL, AETORENRETHDI L
M5, RERORSFRIIDOVWTREEAE
FEIhTWAW, BHIROE. sinicak T}
E. intermedia & %8 % B U 72270008,
KAV D E. distachya, E. gerardiana &L
HMERBDHY, 6 FEREKITBIT D
E. equisetinaD T )04 REEM, ¥l
BAE LD E. distachya RO T EEREEHKD
E.gerardiana £ 0 HE Mo /25
(E. equisetina 1.15 %. E. distachya 1.85 %.
E. gerardiana 1.59 %). #B|IEHiE, EFEHEMN
—ETRABWI &LITmX, MEOHEMEDRE
EWI00mB FTHoZEiIHL,
E. equisetina Ti3350 em&ZF L < KE{LL7=H
OTHD, EYHRORZEZIDENAT VAN
1 REBIEELTWDAEEDEISND.
EBHAEDE. sinica ITBWT, 71 RE
BRIIBAKEREOEFTREICEEZRZT, B
KEODEWEERTRT IV O REEHN
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BWERSH D I EMESMIEINTINDSS,
4D E. equisetina V3K 73 BREEDSE W ELEH <
BHLECOBBELTWSEY 2, FEOTIVA
04 REREMN E. sinical2 EL D BBNDIETAE
EFEREOEWVHRERTHSREEND D, B
HETHhHDENEELRABICIN TN,

AE, PEHFEY T IVEBRRERTICS
WC, E. equisetina & E. sinica D3R FTHIM DIFE
—HIRRE LR EAF LD, IhE5D
oIV OWTT VO RERZHLEL
TR DWTHET 5.

#

Ephedra equisetina Bunge 6 #k.IEXHE
1306256A-1~A-2,130625A-8~
A-11. Ephedrasinica Stapf 7 ¥k . B2 4A B 5
130625A-3~A-7, 130625A-12~A-13.Z
NoREBHRABICTHEEFRICLD &,
2005 ICHEER S FRHIBEE L /- (20068F
I, BOCERE) BRh oG EEER
TH5.

REh  FIEUA IV EERE BEN

(alt.950 m). #¥H(H : 2013 £6 H25H. &
BHERIISIRKELFLRAFNRE.

¥z, TNHLOBRBEERBERIIDONT, &K
BEEEMNSBEERELUTICRET. 2005 £
WWARICRIESRE SN, B SEMRIN
FETEARCENVILIICEELTERL,
EEHEZIBACSEREEZERL ZERICE
FEL 7=, {EBRIEK, HE, BRERSIZEE
AETTIRDOTIZ2012HE X TRGEL TREL



