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HUHNRT v H NV a—2 & UTIRIE SIEREENRESNTWD Z &b, V7 XDk
TTOWTHET LTz, ZORER, AW OER & 0 BREO FREEAR S HE S, ZhaeF
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HZEPHLMNERY, 26 ORRMHMEER
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BT DEEFEMLPE LTSI Z, £
D W dimethyldithiodenafil & ¢
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WFZEIZ TR L7z UPLC-MS 12 X ¥ Sennoside A
BIOBEMS Lo —2 & LTEHLEMEICH
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WEETEMEN S D Z &£ 535, Huperzine A N5
F o MEFEAR N A MR R L 2 BRI R E
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B-2. UL —Y— ORI BT

(0> 7 NS OGRS DOWT] T,
AT AREEHFIZEEND T AT r A ROBRE
FaEBNCS, FT7—7 2 R 7R 51
OWTCHEE, REEIT-72. KOS EIX, 7Y
7 B RIZ CHCL; & NHWOH 212 TR & 9
L, CHCl; % [EIX L7=%H DT\ T, Flash
chromatography (ZfikL TiTo7-. fEEMENTIZ
%, 0 f#EE LC-MS OrbiTrap LTQ XL (Thermo
Fisher) & ONNMR ECZ600 X 1% ECZ800 (Jeol) %
)2z LAYl

F 7o, A F A B iR B O 8RN
B4 2098 Tix, #EHE L THARENIC TR
WL TWepgd TRLE] (7 10—y ZHER),
N OLLBSHE) D Taxus wallichiana Zucc. s. 1.
(hE4L - B ER), £ FA T
Siebold et Zucc. (HF[E% : b HALEX) & H
W, EELUTEU A EER L, RIS TT
Sudan IIT Yefajig°” o a7 )V RIS
KB RAKIEDIED>, Eau de Javell Z V7=
EA, EPbA i L2k, SLrBamEE (FU v
XA BX51) FIZTHIZLT-.

cuspidata



DB R KD TREGAZ | S5 o HLAE
MOREIZOWT] TiE, sktE LChiko
E EmoMmEL D EE I TCHEDIER
(Taxus wallichiana var. mairei KON T.
media) K OVALUEE A CHRE LA F1 (L.
cuspidate) W ONZ H AREPNIZ THitd L Tz
padn [RLEAZ] (T 4 — "y Z7HER) 2 v, 7
J I DNA Z i, FEBLL, FEREA DNA O trnS-
trmQ OERT-RIfEE%, PCR IZ XV HEE L.
PCR FEMIZ KGR L T8, XAV hir—r
AN K0 EHFEAN A RE L, SRS OFEFIT,
ClustalW {2 L V17V, RHHHE, Kimura O 2
RT A —=H—F T W L0 ERK L 7= BB T4
IZHSE, NJIBIC K DR LT,

(TR Gk 8O A F A (Taxus
cuspidata) DFKIENNZ BT H /N7 ) 2+ )L
(PTX) FRIZDOWT ] TIE, #kE LTRR D
ENpE s TALEAR] kOB R CHRAE L
7-A FA (T, cuspidate) &\ NT=. A F A &
Be, B, B, oM, (FER, FET0 6 DDEML
I HEL, TN ENERRZITHIEL, &EML
TEIZAL =R L, BRI T AT
THILFE L, WEEE2E BB ORIBICA Y /) —L
EMZ, AAT T AAZBELTERL,0.45 um
DAVT VLT 4 NE—TAHBLTELDES
Hradkl & Uiz, TRLGAZ ) SRS O 285K = &% X (1T,
AKIZTEIIE L, FEERICHTLE, E&, A
e L CRS L7z, 43 Hrid UPLC-PDA-MS |2 THT
STz,

(RS e L BT WA TS T T
AT Z 7T 8o B FTE & plir o
W Tl EEIEEUER - R - SRR - 38
R &R o & — - ALHREFEER &L 0 GE
VT AT T I XKL T DAY
J X REEERE R, RO, A X —X v FED
Hr7efE & 0 A Lo il Wole, &
ZktE LT, MilFERA St L iR 21T
TZHEEE L THEHINDII AN TS T T X%
vy, 777 5 DNA Zffi U, ITS S OFEfk
A DNA @ tral-psbA FEI % &3 DNA %, PCR T

LV HENE L7z, PCR FEEMZ R L7, HEHEM
B &g L, HEEEAIOFESE, ClustalW i X
D172, F£70, HFlkE I % — I LTk
L, BIRICA X 7 =&z TIRE 5 i A21T
Stz iR EELOL, BiEERERARE LT
LC/MS s3#ricfik L7z,

WEN AW LR A=37 %al e s L)
8] TIX, JeEREE/\EILEMTENT CERE LT
VarXxayHEx0iESE MeOH THIH L, JEHE
PR 2 KICHRE L C, EtOAc T4l L T EtOAc
AR5y &K ARy 2 1572, KEIZEE BT
1-BuOH & 43 L C 1-BuOH 4y %2 45%7=. 1-BuOH
4y % Diaion HP-20, silica gel ¥ 7 A2 1
~ NI 7 4 —THEL, BHonlitEWmi,
BRI AT MVl b2, BT
WX > TEOREZHA LN E LT, R T
YR = RO OIIKG FRIZ D W TE
AB49 HEIZ B KON Leishmania major \Zxd 5
EIETEE R LTz,

[V X7 DAL BT 288981 Ti, i
MR P BHAIAR ST CRE L=V 7 X (S
chinensis) D XS (5. 45 kg) % MeOH THiH
L, EfEREZ/KIZEE LT, EtOAc THEIL
T EtOAc AI¥AEI Sy & K AR 43y 2 15 7. KB4y
1L 512 1-BuOH & 3B L C 1-BuOH [ 57 & 15 7-.
1-BuOH 1j4y % Diaion HP-20, silica gel 717
Lrw~  NIIT7 40—, WREARZ 2~ 7
Z 7 (DCCC), mkiEiks v~ k27 7 (HPLC) T
R L C8 DLW E ST,

(N v a DD T, ~T7 a2y
% 80% AKX ) —)LHTHREYFA XL, Eilk,
AL, n—~FY 2, /L (EtOAc), n-
7% 7 —/v (BuOH) THARSELL, n—~FH
T X% A, EtOAc =% A, n-BuOH =% A, H,0 =
A %7~ . EtOAc — % A% Chromatorex ODS 7
Thrsu~w NI T T 40— ThHEL,
cynandionene A % & #+7-. £ 72, n-BuOH =% &
% Diaion HP-20 h T L7 u~ NJT 7 ¢ —4%
oo L, 2-0- B —laminaribiosyl— 4-
hydroxyacetophenone %4 % £57-.




—%, A3 UA 7<% 80% MeOH 1 THREY
TA XL, ik, §HE L, n—~F¥ >, EtOAc,
n-BuOH CIEM 43 Hd L, n—~F P =% X, EtOAc
T A, n-BuOH =% 2, 1,0 =& A %4472, EtOAc
T % A % MeOH (ZHEfF L, 43 HL TLC [n—~ 42
Ty (1:1)) THEL wilfoside CIN ZE%
(E

FoNIALE® OV T, NMR AT [ L5
DA FEMERR T T — & & SCBRE £ 7213 57
— 2 L OEZELEICL Y EE L.

TLCIZ L DT TIE, B Licns v a v
723 A 3 A r~ZZn i MeOH TEEHE AL
oG o) XL, Al A s B
%, ToLEArEREERE Lz, RUBNA R &
ZTNnNEN S5 ul ARy bL, BEHIEE
(EtOAc:H20:MeOH: K% (200:10:10:3)) THJ 8
cm BB, UV (254 nm) FRST FCHRHI LT,

(R A dn T & WL S U728l ED JRi
HHEBRIR O CERBRE IOV T TIX, Google
Scholar % M v , 7 sildenafil” /
“vardenafil” / “tadalafil” s
“dietary supplement” T bExRx—I 3
MR L, 2017 FLUEOHRE 2l L7,

[Dithiopropylcarbodenafil ¢ LC-PDA-MS
IHTIZDOWT TiE,  ED {BHHE K O OFER%
teEMmzaa T DR, 2 fi, WO
Dithiopropylcarbodenafil DFEHEFIZ-DUWNT,
LC-PDA-MS Z AW THdr skt O at 247 - 72

[ dimethyldithiodenafil & [0)
desmethylpiperazinyl propoxysildenafil @
LC—PDA-MS Z3HTIZDOWT ] TiE, ED IBHIEL T}
Z DFALEWE EGA T DR 2 5, W
[0 dimethyldithiodenafil N
desmethylpiperazinyl propoxysildenafil @
FEHESLIC DT, LC-PDA-MS & FIWCTobrdett:
DgFt & T o 72,

B-3 AKXy EAHEENCEE 9 5
Lo FEBIU NN EHEREMLIC
BT 5 Sennoside DEESHN TiX, HikDH

Fitrt, narvUTEE BT EEGERER
B L UONR T EAEEELZRE S L,
2 P — I )L MM400 (Verder Scientific fHEY)
TR LTk, 15570 ARHEHE 70% MeOH
(CTHIH L, LCMS Zp#rsefhichft L7z, &7,
MARREZBKITERE L, Hin (710° C0) H~
TRXT AT AZ =T = HOTHB LD
D% 50% MeOH [Z¥n L CRlBHAWE & L, [FAlEE
1T LCMS A3HTERMICIT L=, LC-MS 43Hricix
UltiMate 3000 RS LC system 3 LN Q Exactive
Quadrupole-Orbitrap /A 7V v NAUVE &4y
#rEF (Thermo Fisher Scientific f#H8Y) Z FHu»
7c.
[LC-MS &\ /= Cassia AR EUFTBX
Ot FORHNZBT 2098 (2) | T, il
D AR T ROFIE SO NI T LR
REL, IFH—IMTTHELTR, fBoh
T AR B 0% MeOH (2 THAHE L, LC-MS 43
Br&Eichft Uiz, JET — & % A ¥ AR a— L
MY 7 Ko =7 Progenesis QI ver. 2.0
(Waters) THLELL, B—7 O, 7741 A
v R &4TVY, EzInfo (Waters) TF—&~ KV
7 Z%AER L, SIMCA Ver. 14 (Umetrics) % M
WCHIBI T 24T o T2

[hD s R 28 KO Huperzine 4
BEEE & 236 1) & Huperzine A DERSHT) T
X, A ¥ —xy hTHRIESNLTWD b T
N ¥ A F 721X Huperzine & A HEER N2
REL, IFH—I M THELTR, 50
Ty AR5 Bl 2 MeOH (2 THlIHI L, LC-PDF-MS 4y
Bricht L7z,

B-4 RIXS Y R N OIS B AR5
MFEEY A h O RE LIZEAT 5098 T,
IV A OO & BIZTOWT, JEEE
DB HIFERNL, 445, B4 SO E &Ik,
GRS OFEF & O, TEREIRE,
R ER ®, BRBREEZT, BEEY X b I
N END Z EDOZEPEICO W TRHRF L. =
DHH, 11 FHEIZONT, HEU A F~DBIT




FIRET DML 2 DB R LD T

BV R (MDY ) DR ARE R
MED ONFEERICET L #E] T, BV
VT (FTTYN) D 1) OAE (R
OBEE : fiY - Bk, 2) SR
T DWW, 3) MOREOEIRME L TOMA
FRICEAT 216, 4 BAEMRSFOEIMSL L
L COMHAEREICET 2E®H, 5 BRBRIZH
T 5IEHR, 6) ROAREOLEMEIZET 5 ER,
) AR EOREMICET HIER, 8) 84t
ENC R 2 5l & HHNZ BT B I >W\ T,
ik, BREATESCT —FRN—R R LeBE L
L, REEIT-o7.

(R FRE ~DEE)
b bR TR OEREWY A LT
BOT, ST 5FEHITRD.

C. fEk - B
C-1.  REXS ORI EES L M5t

FRICTHELSED & - - KRWIILL T D 16
mETHoT-.

RAF ¥ L, ~—DHRT F A RIC
HATZ2E 7= LEN—TTHY, HibERK
ERZRFSZ ENHLNTND. REHIZONT
W, BROTROZRARZEIE, FRE Vb oo, AR
P DONT DR LITBNT, MOEROENH
D, BT7xro0, ¥l srxy, 7Ttk
FUER) T2 )=V EEGLEOREND D
DHThD. —HT, FEFBRICIE, BrEFRL
E URE/ER, teststerone 5— « -reductase [HZE
EH (/2 ) Yo mitaY), a7 vavy—
EIEERSEO®ENH 5 H DD, RTECS 121,
RHMC NN DT — X IXFAE Lo T, D
55, HEBH 2007-230988 Tik, AfhTF R
MWRLVERIERDZH S L HE L TEY, KK
EPEEE LT, —H&E 1omg/kg T & &N T
W5, $t->T, b MKE 50k g & LT, 500mg
B+ 5 L BERLECRIERRS S LR
X, EEMLE LTOERL XL THLIMES X
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LT EbAREEHEE ST, i, BEOEIEN
ELTLTOMMAERERH D DT TIERVO
T, ZORT, W6 TOmAEE L E X bk,
eiZ L, BMEROHERER L E (N F—
1%), ZO&TITZEMEICHERLS, £/ b
BT 1.2 g /day
Research 22015: 2(4),208-216) TH R
EDOT—HHLHESNTEY, EAMIZEDM
BMThDELBEZ DI,

a XYL, FEANREY) T, Lemna minor
L ThORETHD. £z, ZOF4IE, The
plant list TU %27 % ({%#, Spirodela
polyrhiza) O ) =L oTWHHN, S
polyrhiza ODFIHW (22O TIEL, ip T mouse |2
LT LD50 2% 150mg/kg & 72> TW5A. 7=77
L, i@%, LD50 fEAN T\ 5 & XX, Effect Aifl
X2 TH D _RETEMN, M0 (JREHEM) &7e-
TBY, TOFKRIFIAHTHS. b L, LD50 23
150mg/kg L35 L, W TOFEMNPEELS X
Hb. £, auXx IV ORBED  Lemna
paucicostata Hegelm 72L&, & 51T ip mouse T
LD50 7% 100 mg/kg THRIFIEHEL 72 5. 7272 L,
ZHUT b Effect 238 Y, H30 1L 2 DD 2L,
MIO & 72> TWD BV EERVEmNALETH
5.

A4 > RAEERNE, 727 XFT, BhrEsE
IRREW) T, HUBEIRIE, PusiliE e ICBT o4&
HYEEDRHE SN TWDLR, 71 eThH
Rk THDH. il 5,
linalool, eugenol %73 ERK
ELTRIESI, ZIbHdD 9 b, eugenol D
LD50 fE X, iv mouse 112mg/kg, oral rat
810mg/kg & RORCHRYNAY, 0 H D HIk TR A
X7eneE2x b, £, 7B aA RiZlFE
EINTELT, &RkERE 71 b OMEBEY T
bHZLEEXEDLEDL L, FEELTHL D
DEBEZD. TZEL, AP, HRAREY
WMTOFREDE~T =y A RS 5.

FFl % 21X, £D4AFRTIE, EFEHEZRELL
R CH 05, Y AN OSEX, —xHE

(Glycactive Stress

cinnamyl acetate

cinnamaldehyde ,



i B2E) olREEH(L AN z—) T, ERA
EFEFRHZ DWW T OREENEE L £ 2 5.
T2, TEELTHIE BRBREIVIEEL
EBEZLNDHN, BREROEE, BERIRICLHE
TEEE WD Gy R P SR AR D B CAH bR Sy 72 &
LEEN, TOXRWEE LU CEHEE, EAE,
Kilg, WETHE, V=, U T = DO REE
MTHHRY 7= /) —VEZREIZONTHE
BT LBENENRDHD. (o T, EARIEIZHONT
I, BiHL S 5o TREEHIEE B R L CRIKX
Zigamd DMEMENRH DD LIvZeu,
Polygonum tinctoriumly, “&DRERCELITH,
FIZT TR A RZBORY 7 = ) — VDR
PERT, SHIC—ISORRRE, 7y hOEM
ROEERBROMEEEZ 2 bt s L, FEEL
HET LD, T ThHdHI-D, A HELHR
WET DI H R VLD T, ZOHRITONT
N LELEEZD.

AR R VA ol

<

, oral, mouse T LD50 7%

487Tmg/kg @ lapachol Z&HT5HZ LIZOWT,

S L b b,

XNFFF =T O EE
N =T s AT A HORE, YUY F0
RO 7 = R o7 aA RERERE
T A (BFE) 122\ T, RaOANEHED DWW
EEA RS O, EHES L LT FERE,
ﬁ?fj:% \—Fﬁlgj‘é ﬁﬁﬁﬁ%i @ s l:&?%uu \—nxé
LABWEHIT L CTELXZRNWEBZR L. &
2L, RBEMOTNY =T « HRITIZO
W, R 1443 H 7 BIC TV =T Hil
W) % kLI T 2 R R L (2 BT 5 1
AL OV T (BFE 0307001 S8 %0) 23 % H
S, NEFEHEEAEPEZ 55 OEEME A2 £ R
RHMHAFFICLY, YEELEHHT oHEE
R Hon 09 <179 2 &) FE1HE
HMINTWD., EWERBETIEAT LV =T Ry
F—IZ X R ERRERES TR
S, AR, ANV TIEZ < O E G #
NEEINTEBY, TV =T « AT 4D
EREAS (B Faxy 7 W, Garcinol
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SR T ) UM, T U7 =) I
HN =T « DR TEHBBLTWNWDL I LA
T, TN =T « R DT LRk E
fLEET20END D 0RETILERD
HHDEEDOND.

EFE DJFENCd D~ A T IXHE U A MU
S, WMCBWTHEREZET LH#ME LT
Wb TWnWa., SEBEOH - 7-8N %, PG
FUSNOFEZNRE LGS, Al L RS
ﬁé@ﬂ%ﬂénékim%ﬁmtw,wE%
MO E & LT L THEY X MU
T DT Y TRV EBELT

X = 7 UiHmIc oW TIE, FERoRE O
T8, FRINTE) THoHn, AEXI WG
2T DM ORI R TIE AN EELZ LT,

~IZOWT, T, fE, ARIEBEICIEE
UAMINEH I TWDEN, FiICER O E
ORI HEOREENDH -7, I~ DIER
Ol EEBICRE 32 Bk, BRI & L CTofifsE
RE, ARRBREFICRIT OAHAEM R KLY, EIEMLIZ
FM LW EHI L CELI AR NESZZEL
7-.

BED A MIBER#EO T 7 U a 7IZo0NT
X, BEX Sy RE LICET 2 HEENH - 7273,
EREICBWTIZEAERME L TRHHASR
T, EOEEMAMICEAINTEY, EEIC
HOE ZENBY LEBLELE.

W, HEEREO S > I ESED 5 b,
VAR =, By, =ATTFARA L,
N—F b Rax U@L T T 7Y ‘/G’Ob\

TIE, BARERERD D NTEERRS
AL & L COEHERE, AR _%ﬁéﬁ
BRER LY, BEMEICRBORMBEIT R, EK

MICEEY LW e L TELX AW ES
%Lk.

RAT 7 FINA Y b—IUZHOWTIL,
HEhieTr—27n, RKeEXvitiEL-1r v

NIEBIF AT, AT 7 F VA )
F— L ZRGFER LI OV TR S
bDOTHY, RAT7TFINA )T b—1%F



DHLDIZET BT — X TR, ZDHRO
PNTONT W6 IZBIT 2iml U ETHD &
Ebni.

BT 7NV B FFH AT TIE, BARER S
WD I N FA L EE—DLOTHY, v
S F A ATENTERMEEL L Lo
FEENRHY, BLCHEEY 2 MIE S TWD
720, BT NE T F U ERLIZE LT D
IS Z LR LB LT
Z O, HEY R MIBENEO 7 v E F A
I-THFFv IV~ XUV, y
—F VY )=, SSTT )N ATFH =
[Z2OWNWT, BFEXRLE LIZET 2 H5ERH -
e, INETFY, By, y—FVH ) —
Wy ST T ) VN ATF A=A ONWTHE, H
K> D WITMSMN TIERHEIE SRS & LT
SR DY, BIEX GO REL 21T ) &
MmN EC b Tl o=z, »
TNOHEY X MIEOELS ZLRRELESE
B, 1-T4F%Y ) VU ~A 2250 T,
MFERE SRR, IEVSEImEER A RE SN T
BY, TholTERELE LTHEAITA2MERD
HHDEEZONDTD, HEY A MIEDE
T EeNEYLBLELT.

FHUCRELIRD B > AL FEMESITLLT
D20 mETHoT.

JINVEZTT 4, JIVHIVIRT F T ()L,
TuRFT T 2=V I NT R FALT ST 40
1% ED 1R E CTH v, PDES DIEMEIEEL
IS L, FEBRICEEEEZ RS &,
ELICMFEETHDLIVNT T 40, X
T4 NMEOEREZBER L TEREINTZHD L
EXONDHZ LMD, GHEEMTEETNE
FROAE L& s L BRI

CAFNVNTCFF I NAIVKRTF T 4 T O
W, ZOBENS VT T 7 o VEROER %
L CTHR SN WE EHERI S 3, £ ORE
MDA ST Phosphodiesterase 5 [HEEM 2 H
DZENTRTEHEHTHY, WFEHKT
BDLYVNT T T 4 NVIHYET O S TH D &

<,
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Ezbh, REfdE Lo BERSES &
LTHBIZITOMERHDL LD EBE LT,

Y ITFT M, FOEENL VLT
T ANVEROEREZ WL CER ST hE &
R S, ToHEE»»S6 ARSI
Phosphodiesterase 5 [HEIEEZFFS>Z N T
PS4, EERIZU AT T 7 4 VDR 3.2 5D 7k
ARV AT T —ES5HEEERSH D Z L0
WESN TV, /- T, AWEIL, sk
THDHINLT T 7 4 NVICHYT IS TH D
EFEZ B, REEAE OB S D EIRE Y
ELTHEIZITOMNERHL LD EBLE LT,

IO OIF®RIE, PR 3143 A 15 |,
Sf L THOH, WI9HI3H, [M12H9
H, Sf2442H 18H, 246 H 16 H, [[
TH14H, W9HAZ2H, [A12H 15H, &
33 A 5 HICBBESINT-REIE W BT 5%
WEE L 2o 7.

ENZ, AavxzA, v VK NEE, A4V
A, =aFUTIRNE/SXIVEFR, Uh
o7 R, Awv s, vOMEREGE S 0T
Vo, =yyax, =aF r7IRVRV K
074 R, FLHHE, TALI7Y, HFXHT
t—¥, IMB-Ca, I3, FrFT %, A
A VHESNVE Y NE, AT RARR T Ve U
R D O WH DRI, B RS
<t L7z,

C-2. T L—Y—rOHEWKRIZET D458
(> 7 SO EHFIINTDONT] T,

4 15 BRIRIZOWT TLC oM 24T - 7o R,
6 FRIAT UV 254 nm (ZWRIXZFFH, 365 nm Hf
FIZEVEFROENEHRTHAR Y N&R
2. TNHDOARy ME, Wiy KT —57
R 7Rt Ch o2, £, 2fikT, B
FLDOARY b & RE HEOELD RT—4F 0 Fv
TG D AR v R LTE, Z0H0
1%, UV RS K DRI w0t 2B o 7.
RZ =7 RV 7REGYE AR v b3 S
NIRBIED 5 HLORE D 7 V—FD 1 DIZo0n




T, HEARy bOSERZTT 72, CHCLs
437122 T, Flash chromatography 43 B & 1T
VY, 6 DDESEEZ. 2D b, bR
DEWE OB I OWT, &oofiEee LC-
MS pHT 24T S o R, 206 OIXIZIFH— DRk
STCHERL ST Y, MHEMAT 2 D o5 R,
I AV T T (- W A QU (=X /K%
braylin & [FAE Sz,

(A F A JRAEY) i R S5 D B I B4
HME9E1 TlE, 4 F A Taxus EBAEW D T
wallichiana s.1. X O T4 T.
BB 5 —pEe e BisE Lo, s T4
TR) O L G Lz L 2 A, ThEEAZ]
WEshix 7. wallichiana s. 1. DM OEAERIEREF
PR E K< —F L, 4 FARBHEMOM AW
HITWD Z e ghoic.

FRLEAZ] PashiE, FEENOESS 2 B h
2, EREE O E EICHHT S L ofFHRN
D, —T, ATFARBIIKEM O aE T
LEDFRbHL. AREIAFLE MFER] pE
s BIX, Y OFEIZZ < TR BV A
AN E ST <BO NPT Enh, T4
SR ORI, KEOA FA BREIAROHM O
MROWHI T E 2B L CTHWETREME S
RIEEIND.

DB R KD TREGAZ | S5 o HLAE
MDETEIZDWT ] IZBWT, FEOHYIE X
RV T2 oOEAR GRBHL, 2) 13, &5
O H[A—DESIZ R L, 2K 1684 bp ThH o7z,
—J, A FA T cuspidata GREF3) 1%, &F
1682 bp, ALGAZELEIE, 1687 bp Th o7z, 4F
(2, A= —HEB OB ENIS, BHEROA
RENZLBO LN, ENENOEFNIR L
T blast search program 2 X AFEEIMMEEE %
Frot-fEd, 1L, 2 OBESNE, Hao 528 T
mairei DEcH|E U THEELL
TWLDbDE—HLIIEN, TOMmD T
mairei DH O L L TEERS
TS 7T OOELSNE 99. ThLL L DFH IR 2 7=
L7z, —J7, @Bk 3 OEHIIE, Hao 5, Wu 523

cuspidata @

wallichiana var.

wallichiana var.

13

T. cuspidata OFH|IE L TEGHKLTWDEHD
el %L, &b, Tofio T
cuspidata DBECH| 5 FE L 99. 76%LL_EDOFHIEE
os LTz, ALEERSOBSIE, Hao B3 T
wallichiana DEEFE L THELTNHHD &
TR L, EDMD 7. wallichiana (var.
wallichiana) OB 5 FE L 99. 82%LL L DOFH[F]
Pea R L7z,

ZZTCHBLMNI LTS Taxus B D troS-
trmQ 1GS BCAINZ, Hao B3, EPFEIEILAELSYT —
#~X—2Z  (DDBJ/EMBL/GenBank; INSD) [Z%%§k
L CW% Taxus B OBCH % N2 TIER L 72
Tk Cix, e, 2 oldAII, EREh, T
— R R—=Z LD T
MHR% 7 7 AX—ICRESNZ. FERIZ, fL
EEELORESL, T
wallichiana DBELHNN GRS 7 T A X —IZHlE
Sz,

PlEDZ e, 3B 21X, 70 media &b L
TREESNT=N, e ERC, I wallichiana
var. mairei (FGHLEAK) Tholz. £, &
B, FEHTIC WAL EAZ RS O KR, HH
FMERBORKENO S THINTZEBEY, T
wallichiana T& % L [FIE

wallichiana var. mairei

wallichiana var.

wallichiana var.
.
[THAL g &) B K A F A (Taxus
cuspidata) DN BT H 87 ) X ¥+ )L
PTX) B EIZDOWVWT T, £7, PIX D LC &
oG 21T > 72, PTIXIE 3 SDOFHRZ G
6/8/6 BERMD LD XXV L EIDT N Th
D, FEFRICHAKEOBMEE TH D Z LD,
BAIOBENFH B lb3 A 439 E L, WHIRER]
DEMEEX S & & B, UPLCHD 7 2R L,
Sep—Pak 1 & % BIALERIC L 0 FRHL U 7= BUEHATE
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Gy M i W o) T oaF o,
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Microscopic examination of crude drug components has been the traditional method to identify the
origin of biological materials. For the identification of components in a given mixture via microscopy, stan-
dard reference photographs of fragments derived from different organs and tissues of individual species are
required. In addition to these reference photographs, a highly observant eye is needed to compare the mor-
phological characteristics observed under the microscope with those of the references and to then identify
the origin of the materials. Therefore, if other indexes are available to be coupled with microscope examina-
tion, the accuracy of identification would be significantly improved. Here, we prepared standard reference
photographs for microscopic examination to identify powdered and fragmented materials in the crude drug
“Quanxie” derived from individual organs of dried scorpion (Buthus martensii Karsch). Since a remarkable
characteristic of scorpion bodies is that they fluoresce under UV light, two methods to identify “Quanxie”
were established, including fluorescence fingerprint analysis and microscopic fluorescent luminance imag-
ing analysis. In the former, at least 0.1g of powered materials was used, which could be recovered after the
measurement, and in the latter, only small amounts of powders were used for microscopic examinations. Both
methods could distinguish powders of “Quanxie” from those of other micro-morphologically similar crude
drugs, namely, “Chantui,” “Sangpiaoxiao,” and “Jiangcan.” The combination of these methods should im-
prove the swiftness and accuracy of “Quanxie” identification.

Key words

Buthus martensii; fluorescence fingerprint; microscopic morphology; microscopic fluorescent

luminance imaging analysis; powdered preparation; Quanxie

The origin of crude drugs should be clearly identified to
ensure their effectiveness as suitable medicines. Currently, in
order to ensure the efficacy of medicines, active components
in crude drugs are extracted followed by their identification
and quantification by chromatographic techniques such as
TLC, HPLC, and gas chromatography coupled with MS.?
Recent progress in molecular biology has allowed for the
use of DNA profiling to extract DNA from dried and pow-
dered crude drugs followed by PCR amplification to obtain
nucleotide sequences, and real-time PCR technologies such
as TagMan and SYBR green have allowed for the possibility
of species-specific quantification in mixtures prepared from
many biological sources.>® Although the recent progress in
chromatographic and PCR micro analysis has provided us
with the means to identify the origin of biological materials
in trace amounts, these methods are tedious, expensive, and
time-consuming. Compared to these instrumental analytical
methods, traditional microscopic examination has economic
advantages for the identification of ingredients in cut and pow-
dered crude drugs,”” because only a microscope is required.
Particularly, fine-powdered materials, which do not need slic-
ing into sections with a microtome, are needed to be placed on
slides, fixed with mounting reagents, stained if necessary, and
covered with a coverslip, before being placed under a micro-
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scope for identification. This makes microscopic examination
significantly less expensive than instrumental methods, as
well as convenient, in situ, and instantaneous. The major dif-
ficulty of microscopic examination is the requirement of high-
proficiency microscopic observation and the prerequisite of
detailed and accurate comparative standard reference photo-
graphs. Other indices or profiles coupled with microscopic ex-
amination are expected to significantly improve the accuracy
in crude drug identification over the sole use of microscopes.
The crude drug “Quanxie” (Scorpion, £48) is made from
dried whole Buthus martensii Karscu (Buthidae, Scorpions,
Arachnida, Arthropoda)® and has been used in China as an
antispasmodic in pediatric epilepsy, an analgesic for headache
and joint aches, and to treat stroke, bronchitis, and paroti-
tis.> ! “Quanxie” is one of the crude drugs in “Usaien,” the
ancient crude drug formulation described in “Korean Wazai-
kyokuho (Taioing Huimin Heji Jufang Zochuhon version)”'?
as being one of the valuable possessions found in the Kunozan
Toshogu shrine, Japan. Microscopic examination of a trace
amount of the dry black preparation remaining at the bottom
of the gallipot for Ieyasu Tokugawa, the first shogun of the
Edo shogunate in Japan approximately 400 years ago revealed
that the medicine contained in the gallipot was “Usaien.”*¥
Buthidae belongs to the largest family of scorpions; in

© 2018 The Pharmaceutical Society of Japan
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total, 1101 species in 90 families have been identified world-
wide."” Studies on scorpions for taxonomical purposes were
conducted long ago and were focused on external macro-
morphological features."*™'® These did not include any studies
on B. martensii. The studies on Buthidae by Pavlovsky'’
provided useful morphological information regarding each
organ system, such as gastrointestinal organs and respiratory
organs, from an anatomical viewpoint, but no description of
B. martensii, specifically, was included.

Scorpion research has been conducted in Japan for many
years and Takashima®?? and Isshiki and Yonezawa? have
both described B. martensii. They reported that B. martensii
lacks a subaculear tubercle beneath the aculeus, that the num-
ber of teeth on the pectene ranges from 16 to 25, and that it
has tibial spur at the top of the tibia of the third and fourth
legs. These characteristics differentiate it from the other Japa-
nese domestic scorpions, Isometrus europaeus and Liocheles
australasiae.

In the pharmacognosy field, the identification of the dried
and powdered scorpion as a crude drug using morphologi-
cal features, especially with microscopic observation, has
rarely been reported other than by Xu?? and Zhang er al.?>*%
Animal-based crude drugs, especially those derived from
insects, are complex and diversified compared to plant-based
crude drugs. Many plant-based crude drugs are prepared from
specific and limited organs and tissues, such as leaves, stems,
roots, and seeds in which the medicinal components are ac-
cumulated. The powdered contents of these drugs become ho-
mogenous fragmented tissues and organs that can be identified
easily with a microscope. In crude drugs derived from insects
such as scorpions, the whole body including whole organs and
tissues are crushed and fragmented. The resultant powder in-
cludes a complex mixture of tissues and organs, which consti-
tute one drug, making it difficult to identify its origin. Confu-
sion in the identification of scorpion has also been caused by
inaccurate identification of the origins of the Buthidae species
and by the inconsistent nomenclature of tissues and organs in
the literature. For example, some literature concerning scor-
pions have reported seven segments in the prosoma,>?” but
other sources have reported six segments,?””® and nomencla-
tures of the legs vary with the author.”’=? In order to give an
accurate name to the tissue fragments observed in powdered
crude drugs, it is a pre-requisite to possess true and correct
original materials along with correct names for fragmented
and powdered tissues and organs found in the drug.

In the case of the identification of elements present in pow-
dered “Quanxie,” while some characteristics of the muscles
and exoskeleton were already indicated in the old litera-
ture,'>*¥ a complete accounting of the characteristics of all in-
dividual parts of organs and tissues that make up the whole B.
martensii body is unavailable. Identification of the characteris-
tics of many B. martensii parts such as the book-lung and the
pectenes, which are organs specific to the scorpions, remains
to be performed. Furthermore, standard reference micropho-
tographs of all B. martensii parts including whole tissues and
organs still need to be produced.

The accuracy of crude drug identification by microscopic
examination would be much greater if it was coupled to
other evidence. It has been reported that scorpions fluoresce
when illuminated with UV light.** Studies on scorpion
fluorescence have revealed that this fluorescence is due to the
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presence of f-carbolines (norharman)® and hymecromone,*®

which are generally thought to be contained in the epicuticle
and hyaline layers.*™*® p-Carbolines, a physiologically ac-
tive class of molecules, act on the central nervous system to
inhibit monoamine oxidase activity and may alter the level
of brain neurotransmitters. They exist in natural materials
such as baked meat, spices, coffee, and tobacco smoke and
recent reports have indicated that they might be mutagenic in
humans.***® Hymecromone has been chemically synthesized
and widely used as a fluorescent marker in enzyme assays
and also as a medicine for seizures and biliary tract diseases,
and has been detected in cuticle of arthropods.>® Since both
p-carbolines and hymecromone are reported to be naturally
contained in the epicuticle and hyaline layers of scorpions, the
existence of these compounds in the fragmented tissues and
organs being observed should help to improve the identifica-
tion of “Quanxie.”

In this study, first, a detailed observation of mesoscopic
morphology was performed in order to identify the correct
origins of tissues and organs in commercially available scorpi-
ons. Later, powders were prepared from each tissue and organ
and observed with a microscope to create standard reference
photographs for the identification of fragmented scorpion parts
contained in drug preparations. In order to improve identifi-
cation of the powders, two fluorescence analyses were used.
One was the fluorescence fingerprint method*-*? where the
fluorescence spectrum was measured after irradiation with a
continuous spectrum, while the other was a microscopic fluo-
rescent luminance imaging analysis in which the distribution
of luminance at different wavelengths was observed using mi-
croscopic fluorescence filters at pin-points in the observation
fields and the results were shown as histograms. These two
methods coupled with microscopic examination may improve
and support the identification of the crude drug powders ob-
tained from scorpions.

MATERIALS AND METHODS

Materials The crude drug “Quanxie” (Uchida Wakan-
yaku Ltd., Tokyo, Japan, NIHS-DPP-20010-92-27), preserved
in the Division of Pharmacognosy, Phytochemistry and Nar-
cotics, National Institute of Health Sciences, was used as the
main observation material. Commercially available, Japa-
nese commercial brand “Quanxie” was gifted by Tochimoto
Tenkaido Co., Ltd., Osaka, Japan (Lot 064014001, NIHS-
DPP-20011), and Takasago Yakugyo Co., Ltd., Osaka, Japan
(Lot 022916, NIHS-DPP-20012) (Fig. 1). Vietnam commercial
brand “Toan yét*” (NIHS-DPP-20013, NIHS-DPP-20014)
was obtained for comparative observation. Other crude drugs
derived from insect origins, “Chantui” (Cicada Slough, ##;8)
(Uchida Wakanyaku Ltd., NIHS-DPP-92-06) and “Sangpia-
oxiao” (Mantis Egg-case, S2#E4#) (Uchida Wakanyaku Ltd.,
NIHS-DPP-92-52) were preserved in the Division of Pharma-
cognosy Phytochemistry and Narcotics, National Institute of
Health Sciences. Cut “Jiangcan” (Stiff Silkworm, F17EZR) was
purchased from Daikoshoyaku Co., Ltd., Aichi, Japan (Lot.
6127, NIHS-DPP-20030).

Observation of Morphological and Microscopic Charac-
teristics under Visible Light The surfaces of crude drugs
were observed using a digital microscope (VH-8000C; Key-
ence Co., Osaka, Japan) with a VH-Z25 zoom lens (Keyence)
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and Olympus SZ stereomicroscope (Olympus Co., Tokyo,
Japan). Microscopic morphology was observed using normal
and polarized light with a BH-2 (Olympus) attached to a VH-
8000C and Axio Scope Al (Carl Zeiss AG, Oberkochen, Ger-
many). For microphotography, a Micrograph Imager Olympus
PM-10AK (Olympus), VH-8000C, and DP-21 digital camera
(Olympus) were used.
~ The fine structure of each material was observed by prepar-
ing sectioned specimens. Rough sections of whole “Quanxie”
were cut approximately 3 to Smm wide using a razor blade.
These sections were then wetted with water for 20 to 30 min at
room temperature until they were swollen, frozen, and sliced
30 to 60um thick using a freezing microtome (Kelk Ltd.,
Kanagawa, Japan). The sections were placed on glass slides
and mounted with a mixture of glycerol and water (1:1), as
mentioned in the “Microscopic examination” section of the
Japanese Pharmacopoeia 17th edition (JP17)” and covered
with a coverslip. A surface view was used in order to prepare
sequential sections that were parallel at the surface (parader-
mal sections). Transverse (cross) and longitudinal (vertical)
sections were prepared by slicing the body in midline and
parallel directions, respectively. For the observation of oils,
Sudan III staining was performed according to the litera-
ture.*¥

For the observation of powdered samples, dried whole
“Quanxie” or individual organ sections cut using a razor
blade were pulverized with a mortar and pestle. Since some
“Quanxie” drugs were obtained from the hard scorpion exter-
nal skeleton or accumulated high amounts of oil, pulverized
materials were sieved through a #50 (300 ym) stainless-steel
sieve to isolate the particles categorized as “moderately fine
powder” to “very fine powder.” In accordance with the pro-
cedure described in the “Microscopic examination” section of
JP17, approximately 1mg of powder was mixed with a drop
of mounting agent on a glass slide using a small glass rod
to prevent the formation of air bubbles, and allowed to stand
until rehydrated. An additional drop of mounting agent was
then added and a coverslip was placed on the slide. Under an
optical microscope, pictures of the microscopic characteristics
of each sample were taken in order to prepare standard mi-
croscopic reference photographs of powdered “Quanxie” for
identification.

In this report, tissues and organs are referred to with the
names used in previously published books.? 4-50

Fluorescence Fingerprint Analysis Fluorescence of
crude drugs was observed after irradiation with UV light at
365nm using a ChromaDoc-It Imaging System (Ultra-Violet
Products Ltd., Cambridge, U.K.). A fluorescence spectro-
photometer (F-7100, Hitachi High-Tech Science Co., Tokyo,
Japan) was used. Measurement conditions were as follows: slit
width of 5nm for both excitation and fluorescence; excitation
and fluorescence wavelengths of 200-600 and 200-750nm,
respectively; sampling intervals of 10 and Snm for excitation
and fluorescence, respectively; photomultiplier tube voltage of
400V; scan speed of 60000nm/min; response set to the auto-
matic mode. The powders were placed into a solid cell prior
to analysis with the spectrophotometer and three-dimensional
measurements were taken. Each measurement took approxi-
mately 2min, and three repetitive measurements were taken.
Whole of “Chantui,” parts of “Chantui” eyes and thorax, and
surface layers of “Sangpiaoxiao” and “Jiangcan” were simi-
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larly treated and the fluorescence fingerprints were measured
under the same conditions as above.

Microscopic Fluorescent Luminance Analysis at Pixel
Level “Quanxie” and its fine powder, excluding the very
fine powder, were observed under an inverted fluorescence
phase contrast microscope BZ-X700 (Keyence). The ex-
citation/emission wavelengths and dichroic mirror wave-
length of the filters were 4',6-diamidino-2-phenylindole
(DAPI): 340-380/435—485, 400nm, green fluorescent protein
(GFP): 450—-490/500-550, 495nm, and tetramethyl-rhodamine
(TRITC): 522.5-557.5/570—640, 565nm, respectively. Data
in the range of 0-255 stepwise gradients for each pixel were
monitored with a CCD 8-bit camera and the luminance bright-
ness distribution within the designated region of the tissue
fragments was shown as a histogram. “Chantui” powder, sur-
face layers of “Sangpiaoxiao” and “Jiangcan,” and a mixture
of powdered “Quanxie” and “Chantui” (1:1) were observed in
the same manner.

RESULTS

Morphological Characteristics of Commercially Avail-
able “Quanxie” and Other Drugs Derived from Insects
Observed under Fluorescent Light “Quanxie” is com-
mercially available as dried whole body and as broken pieces
(Figs. 1A-E). A unique characteristic of scorpions is that they
emit fluorescence under illumination with UV light (Figs. 1A-
(2) and E). Such fluorescence could also be observed in parts
of the cicada slough “Chantui,” mantis egg-case “Sangpia-
oxiao,” and stiff silkworm *Jiangcan” (Figs. 1F-H). Crushed
and powdered “Quanxie” can be difficult to distinguish from
crushed and powdered “Chantui,” “Sangpiaoxiao,” or “Jiang-
can.” Since parts of all these dried insects fluoresce under UV
light illumination, the superficial observation of fluorescence
could not be used to distinguish between them. Detailed
morphological and fluorescent observations were therefore re-
quired to identify “Quanxie” from other insect materials.

Mesoscopic Morphological Characteristics of “Quanxie”
as Seen by Microscopic Observation (Fig. 2) The nomen-
clature of scorpion organs, especially the legs, has been used
with contradictory meanings by differing authors, as men-
tioned before. Here, we adopted the nomenclature of the legs
described as the opinion of Couzijn in the literature.>”

Prosoma (Figs. 2A-G) As shown in Fig. 2, the carapace
(@) is accompanied by one pair of shiny reddish-brown ocelli
(median eyes (b)) at the center and three pairs of ocelli (lat-
eral eyes (¢)) on either side. Many reddish-brown tubercular
processes (d) are scattered on the surface and concentrated
around the eyes. The appendages of the first segment are che-
licerae (e) followed by pedipalps and legs. On the ventral-side
surface of the prosoma, coxa (f) and coxal endites (gnatho-
base (g),”® Figs. 2B and C), which are important tissues in the
feeding process, were observed at the bottom of the first two
pairs of legs with numerous colorless short hair (4/). Chelic-
era (e) are accompanied by dark-reddish teeth ({) and densely
brown long hair (4£2) (Fig. 2D).

Pedipal chela (j) (Fig. 2E), accompanied by a regularly-
arranged reddish denticle row (k), brown bristle hair assumed
to be seta (h3), colorless or grayish-white short hair (#4), and
long brown hair assumed to be trichobothrium (45),>**? were
observed.
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Fig. 1. Photographs of Commercial Crude Drug Derived from Scorpions (A-E) or from Insects (F, G) Observed under Visual and UV Light

“Toan yét” acquired from Vietnam (A) photographed under visual light (1) and UV light at 365nm (2). “Quanxie” from Uchida Wakanyaku Ltd. (B): ventral side (1) and
dorsal side (2) metasoma and telson (3). Cut “Quanxie” from Tochimoto Tenkaido Co., Ltd. (C). “Quanxie” from Takasago Yakugyo Co., Ltd. (D). Coarse “Quanxie” pow-
der from Uchida Wakanyaku Ltd. (E), “Chantui” (F), “Sangpiaoxiao” (G) and cut “Jiangcan” (H) photographed under UV light at 365nm. Bar length: 1cm. p: prosoma,
0s: mesosoma, of: metasoma, f: telson.

Fig. 2. Photographs of “Quanxie” Morphological Characteristics

The left panel shows the macro-morphology of the “Quanxie” body with particular areas notes by the letters (A) to (L). Bar length: 1¢m. Dorsal side of the prosoma
(A)-the right hand photograph shows an enlarged observation of the squared area; Ventral side of the prosoma (B); Backside surface of the coxal endite (gnathobase) (C);
Chelicera (D); Pedipalp chela (E)-right and lower hand photographs are enlarged observation of the squared areas; Tip and middle of leg (F and G)-lower hand photographs
correspond to the squared areas; Tergite (H). Genital opercula and pecten (I)-the right hand photograph shows an enlargement of the squared area; Sternite (J); Intraperi-
toneal contents (K); Metasoma and telson (L). Bar length: (A), (B), (E), (F), (G), (1), (K) and (L), mm, high magnification photographs of (C), (D), (H), (J) and those
of right and lower sides of (A), (E), (F), (G) and (I), 0.5mm. a: carapace, b: median eye, c: lateral eye, d: tubercular process, e: chelicera, f: coxa of leg, g: coxal endite
(gnathobase), /! fine and silky hair of gnathobase backside surface, /#2: brown long hair on the chelicera, 43: brown short seta on the pedipalp, #4: colorless short seta
on the pedipalp, /435: trichobothrium on the pedipalp, #6: brown trichobothrium on the leg, i: teeth on the chelicera, j: pedipalp chela, &: denticle row, I ungues on the leg
telotarsus, m: dactyl on the apotele, #: tibial spur on the leg tibia, o: keel, p: genital opercula, g: pecten, r: marginal lamella and median lamella on the pecten, s: pectinal
tooth (comb-like structures of pecten), #: spiracle, u: telson, x: vesicle, y: aculeus.

In each leg segment (Figs. 2F and G), brown bristle hair  (Fig. 2H). Remarkably, three lines of keel (0) were observed
(seta) (h6) was observed. The top of the seventh segment and reddish-brown tubercular processes (d) were scattered
(telotarsus) was accompanied by one or two ungues (/) and on the surface. The ventral side was yellowish brown and
an apotele with a dactyl (m).® Between one and three spurs covered with sternites (Figs. 2I and 2J), which were accom-
(pedal spur, tibial spur (7)) could be observed at the end of the panied by genital opercula (p), pecten (g), and spiracles (7).
fifth and sixth segments. The pecten consisted of marginal and median lamellae (r),

Opisthosoma and Telson (Figs. 2H-2L) The dorsal side fulcra, and pectinal tooth (comb-like structure) (s). There
of the mesosoma was covered with blackish-brown tergites were approximately twenty teeth in total. Pleural membranes

25
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were observed at the boundary of the tergites and sternites (no
image). In domestic market products, come scorpions produc-
ing “Quanxie” contained tissues in the peritoneal cavity. Peri-
toneal tissues were yellowish-white globular substances (Fig.
2K), in some of which embryos initiated cell division, and/or
blackish to whitish-gray fragile tissues. In samples from Viet-
nam, one of “Toan yé&t” were almost empty, while the other
was filled with whitish-gray fragile and sand-like materials in
their peritoneal cavity.

The metasoma (Fig. 2L) consisted of five segments shaped
like a barrel, the inside of which was almost vacant except for
long black tissues thought to be muscles. The telson (Fig. 2L
(w)), followed by the metasoma, was a small, round, brown-
ish vesicle (x) to which a reddish brown hooked aculeus ()
was attached. Under the aculeus, no subaculear tubercle was
found.

The following characteristics were determined by Ta-
kashima to be key to the identification of B. maretensii: 16-25
pectinal teeth, tibial spurs on the third and fourth legs, and a
lack of subaculear tubercle.?’~2? Based on these criteria, it was
concluded that the origin of the “Quanxie” drug samples used
here was B. martensii.

Microscopic Characteristics of “Quanxie” (Fig. 3) Mi-
croscopic examination to determine the origin of crude drugs
involves determining if the powdered materials are “fine pow-
der” tissues and organs, and studying the microscopic mor-
phology of the surface and cross-sectioned sides of each tissue
and organ. Microscopic characteristics observed from every
orientation are given below for the preparation of “Quanxie”
standard reference photographs.

Although the microscopic morphology of the “Quanxie”
has been already reported,’®**?> the names for each tissue in
different reports are not the same. The appropriate names are
given below in the descriptions of our observations.

Prosoma (Figs. 3A-3E) In the surface view of the out-
ermost carapace layer (Fig. 3A-(1)), clear characteristic pen-
tagonal or hexagonal border patterns were observed. Major
and minor diameters of cuticle patterns were 11 to 16 yum and
5 to 8 um, respectively. Yellow shining tubercular processes
(@) were scattered and many pore canals (b) were found on the
surface. At different depths of focus on the outermost layer,
fine pores and a sinuous pattern emerged (Figs. 3A-(2), -(3)
and -(4)). Most trichobothria had been removed and the double
ring-shaped structure of socket cells was found at the base of
the vestigial trichobothria (Figs. 3D-(1) and -(2)). In the trans-
verse carapace section (Figs. 3A-(5) and -(6)), the outermost
layer was an epicuticle (¢) with a brown exocuticle (d), and an
almost colorless longitudinal fibrous endocuticle (¢) appeared
underneath. Numerous parallel pore canals (b) penetrated
through this layer. The outside tissues around the median eyes
(f) and lateral eyes (g) were notable characteristics and the
inside tissues were highly concave (Fig. 3A-(7)). Eyeballs were
shiny yellow with orbicular elements (Fig. 3A-(8)).

The inner surface of the leg coxal endite (gnathobase) (Figs.
3B-(1) and -(2)) consisted of thinner tissue than the carapace
cuticle. The gnathobase cuticle pattern was fuzzy and its sur-
face was covered with numerous colorless hair (Fig. 3B-(1)
(h1)). The diameters of the hair were 0.8 to 1.8 um and their
length was approximately 60 #zm, which was obviously finer
than the hair on other parts.?® The base of the hair was cir-
cular and the vestige after the hair was removed was a small
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pore (Fig. 3B-(2)).

In the surface view of the chelicera coxa (Fig. 3C-(1)), the
pattern of the epicuticle was slightly unclear. Pore canals (b)
and curved hair (h£2) were scattered on the surface. Under a
polarization field, the pore canals (Fig. 3C-(2)) shined in a
cross pattern (Fig. 3C-(3)). The diameters and lengths of the
hair were 6 to 10 um and 300 to 500 um, respectively. Most
hair were removed and the vestiges looked more like slightly
larger circular pores than like pore canals. Chelicera chela
(Figs. 3C-(4) and -(5)), accompanied by seta (%3) and reddish
and round papillary processes (i), were arranged in lines.

On the surface of the pedipalp cuticle (Fig. 3D), a clear
border pattern consisting of numerous pore canals was ob-
served. Trichobothria (h4) were scattered on the surface and
the double ring structures derived from the socket cells were
clear. In a surface view of the procuticle (paradermal section),
a volute pattern was observed around the pores. In longitudi-
nal sections of the chela and movable and fixed fingers of the
sixth and fifth segments, large and small dark reddish-brown
denticle processes, respectively, were lined up on the ventral
sides (Fig. 3D-(3) (j)). Clear pore canals that passed through
the cuticle and muscles (k) were observed (Fig. 3D-(4)). Mus-
cles were colorless or slightly light brown with clear striations.
Individual fibers had a diameter of 17 to 50 um and formed
bundles with diameters thicker than 100 ym.

In the surface view of the legs (Fig. 3E), the surface pattern
on the cuticle was unclear in the first, second, sixth and sev-
enth segments, but was clear from the third, fourth and fifth
segments to the coxa. Trichobothria were densely distributed
and arranged in lines (45) on the sixth and seventh segments.
In the transverse leg section, muscles were clearly observed.
Larger muscles were found in the segments nearer the coxa
(k2). In the interspace between the muscles and the cuticle,
some tissues stained with Sudan III reagent (Fig. 3E-(3)). Un-
gues derived from the seventh segment and dactyls or spurs
derived from other segments showed reddish spire-like and
falciform shapes, and the tibial spurs of the third and fourth
legs had the characteristic morphology of B. martensii.

Opisthosoma—Mesosoma (Figs. 3F and 3G) The sur-
face view of the outermost layer of the tergite, sternite, and
pleural membrane (Figs. 3F-(1), -(2) and -(3)) showed almost
the same characteristics as the prosoma epicuticle. The cuticle
pattern seen in the surface view of the sternites (Fig. 3F-(2))
was slightly unclear although it could be seen that the density
of the tubercular processes was less than that of the tergites.
In the transverse sections of tergites and sternites (Figs. 3F-
@), -(5) and -(6)), circular muscle arranged circularly along
the cuticle (kc) and longitudinal muscle arranged vertically
towards the cuticle (k/) were observed. Sternites (Fig. 3F-(6))
had some spiracles and book-lungs (0) consisting of many thin
tissue layers.

The pleural membrane that connected to the tergites and
sternites was constructed of a soft cuticle®® and the surface
view showed an irregular circular floral pattern (Fig. 3F-(3)).
In the transverse section (Fig. 3F-(7)), the outmost layer was
grayish green followed by a colorless, curved, wavy, longi-
tudinal layer underneath. Adjacent to the pleural membrane,
muscle was observed (Fig. 3F-(7) (k3)). Soft cuticle was
observed not only in the pleural membrane but also in the
genital opercula and in other tissues. In a longitudinal section
of sternites (Fig. 3F-(8)), book-lungs were seen as stacks of
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A

Fig. 3. Microscopic “Quanxie” Morphology

Carapace (A): (1) Surface view of the outermost cuticle layer; (2), (3), and (4) microscopic observations at different depths of the outermost layer; (5) and (6) transverse
sections; (7) longitudinal sections of the lateral eyes; (8) surface view of the median eye. Bar lengths: (1), (5), (6), (7) and (8): 100 um; (2—4): 20 um. Coxal endite (gna-
thobase) (B): (1) and (2) Surface views of the coxal endite backside. Numerous colorless short hair (/) and vestiges (2) were observed. Bar length: 100 um. Chelicera (C):
(1) Surface view of chelicerae coxa; (2) and (3) surface views of pore canals under normal and polarized condition, respectively; (4) and (5) longitudinal chela sections.
Anterior segment had numerous brown bristle hair (assumed to be seta). Bar length: 100 #m. Pedipalp (D): (1) and (2) Surface view of cuticle and procuticle, respectively;
(3) and (4), longitudinal sections of chela, denticle row (7) and muscle (/). Bar lengths: (1), (3) and (4): 100 #m; (2): 20 #um. Leg (E): (1) and (2) Surface views of the
cuticle; (3) transverse section of the leg. Numerous muscles were observed and brownish regions were stained with Sudan III; (4) longitudinal section of the leg muscle;
(5), ungues or dactyls on the leg telotarsus. Bar lengths: (1), (2) and (3) and (5): 100 #m; (4): 20 um. Mesosoma (F): (1), (2) and (3) Surfaces view of the tergite, sternite
and pleural membrane, respectively; (4), (5) and (6), transverse sections of the tergite and sternite; (7) transverse sections of a pleural membrane section; (8) longitudinal
section of the sternite and book-lung; (9), surface view of the book-lung. Bar length: (1), (2) and (3) and (9): 20 um; (4), (5), (6), (7) and (8): 100 um. Pecten (G): (1) and
(2) Surface view of marginal lamella on the pecten; (3) and (4) section of pecten piece. Bar lengths: (1) and (3): 100 #m; (2) and (4) 20 #gm. Metasoma and telson (H): (1)
Surface view of the metasoma cuticle; (2) surface view of vesicle cuticle on the telson; (3) surface view of the aculeus cuticle. Bar lengths: (1): 20 um; (2) and (3): 100 ym.
a: tubercular process, b: pore canal, c: epicuticle, d: exocuticle, e: endocuticle, f: median eye, g: lateral eye, A/: fine and silky hair on the gnathobase, #2: brown long hair
on the chelicera coxa, h3: brown seta on the chelicera, #4: trichobothrium on the pedipalp, A45: trichobothrium on the leg, /46: seta on the pecten marginal lamella, /47:
socket cell in the trichobothrium on the metasoma, i: teeth on the chelicera, j: denticle row of pedipalp chela, kI pedipalp le, k2: leg le, k3: muscle,
kc: circular muscle, /: longitudinal muscle, m: tergite, n: sternite, o: book-lung, p: pleural membrane, g: oil drop.
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many thin tissue layer and the book-lung surface showed a flat
rhomboid reticulate pattern (Fig. 3F-(9)).

On the marginal and median lamella of the pecten (Fig.
3G-(1)), bristle hair (%6), pore canals (Fig. 3G-(2) (b)) and
cuticle patterns were observed. In some regions of these la-
mellae, film-like and flat pentagonal or hexagonal reticulate
patterns (Fig. 3G-(2)) were observed with scattered oil drops
(¢). In a transverse section of pectenal pieces showing comb-
like structures (Fig. 3G-(3)), the top shape was loosely curved
and a series of circular pores along the marginal region were
observed. Teeth had neither hair nor muscles. Since the tis-
sues in the abdominal cavity were easily broken, it was hard
to prepare slice sections for observation. The tissues from the
abdominal cavity were therefore powdered and their morphol-
ogy was observed later.

Metasoma and Telson (Fig. 3H) In the surface view
of the metasoma (Fig. 3H-(1)), a clear cuticle pattern, shiny
reddish-brown tubercular processes, trichobothrium with
socket cells (47), and pore canals were observed. Inside the
metasomal cuticle, muscles were observed. Trichobothrium
and pore canals were observed in the telson vesicle (Fig. 3H-
(2)). The vesicle was vacant and had only a few muscles in it.
The surface of the aculeus tip (Fig. 3H-(3)) was dark reddish-
brown, spire-like, and falciform.

Microscopic Characteristics and Standard Reference
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Microphotographs of Powdered Quanxie (Fig. 4) In order
to prepare standard reference photographs for the identifica-
tion of powdered crude drugs via microscopic observation,
the whole dried body of “Quanxie” (Fig. 1A) was pulverized
using a motor and pestle followed by sieving through stain-
less mesh (No. 50”) and the resulting powders were mounted
on slide glasses to be observed with a light microscope. The
observed parts were grouped into appropriate tissues by com-
parison with the characteristic microscopic photographs of
tissue sections shown in Fig. 3. The photographs of represen-
tative powder characteristics were arranged and summarized
in Fig. 4 as tissue fragments mainly derived from cuticle or
epidermal system (Fig. 4A), seta and trichobothrium (Fig. 4B),
muscles (Fig. 4C), and other parts (Fig. 4D). The parts with
morphologies useful for identification of the origin of the tis-
sue as B. martensii were observed at high magnification, as
shown in Fig. 4E.

Carapace cuticle and its enlarged view are shown in Figs.
4A-a and 4E-a. Observation at high magnification showed
the cuticle pattern (Fig. 4E-a-1), socket cells (Fig. 4E-a-2),
pore canals (Fig. 4E-a-3), tubercular process (Fig. 4E-a-4),
and a fine cuticle pattern (Fig. 4E-a-5). Cuticles derived from
gnathobase (leg coxal endites) were observed as fragments
covered with colorless, fine, straight hair (Figs. 4A-b, 4E-b-1
and 4E-b-2). Cuticles derived from the chelicera were reddish-

Fig. 4. Standard Reference Microphotographs of Powdered “Quanxie”

Fragments derived from cuticle or epidermal systems (A). Hairs (seta and trichobothrium) (B). Fragments derived from muscle (C). Fragments derived from other tissues
(D). High magnified photographs of characteristic and important morphologies useful for identifying the origin of B. martensii-derived tissues (E). Small italicized letters
refer to the tissue origin and hyphenated numbers represent different micro-morphology characteristics in samples derived from the same origin of tissues. Bar lengths:

Loali

(A-D): 200 ym; (E): 50 yum. Fragments derived from a: carapace, b: gnathob c

J: pleural membrane, k: metasoma, /: telson.
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a, d: pedipalp, e: leg, /- g: genital opercula, /: pecten, 7: book-lung,
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brown and had numerous slightly curved hair (Figs. 4A-c-1
and 4A-c-2). Papillary processes accompanied by a reddish-
brown tip (Fig. 4A-c-3) were characteristic of chelicera, which
were observed as single and multiple rows and were derived
from two anterior chela-forming segments. Fragments derived
from the chela tip were dark reddish-brown and appeared in a
falciform shape (Fig. 4A-c-4). Most pedipalp cuticles appeared
in the surface view under microscopic observation (Fig. 4A-
d-1) and some fragments were observed in the cross-section
(Fig. 4A-d-2). Some procuticle fragments were observed as
shiny plate-like layers (Fig. 4A-d-3). Reddish brown processes
derived from denticle rows of the sixth (tarsus, movable fin-
ger) and the fifth (tibia, fixed finger) segments appeared as
single and multiple rows of processes (Figs. 4A-d-4 and 4E-
d-1). Fibrous connections from these processes to other tis-
sues through the cuticle might be sensory tissue (Fig. 4E-d-1).
Cuticle derived from the legs (Fig. 4A-e-1) had trichobothria
arrayed on a straight line. Ungues and dactyls were observed
as reddish spire-like and falciform fragments (Fig. 4A-e-2).
Although the shape of ungues and dactyls were similar to
each other and the powder preparations were difficult to dis-
tinguish, in the external morphology dactyls are less curved
than ungues. The width of the ungues and dactyls (Fig. 4A-
e-2) was generally narrower than that of the chela tip (Fig.
4A-c-4). Cuticles derived from tergites and sternites (Figs.
4A-f and 4E-f~1) had trichobothria with clear socket cells (Fig.
4E-f-2) and some of them included oil drops stained with
Sudan IIT reagent (Fig. 4E-/-3). Characteristics of the tergite
cuticles were similar to those of the sternites, but they were
distinguishable by the slightly unclear cuticle pattern found
in the sternites, a higher density of tubercular process found
in the tergites, and the fact that some sternite fragments were
accompanied by book-lungs. Genital operculum was a tiny tis-
sue associated with soft cuticle with particular pattern (Figs.
4A-g and 4E-g). Some cuticle fragments derived from basal
pectenal pieces showed a slightly flat pentagonal or hexagonal
reticulate pattern, the socket cells derived from which were
smaller than those derived from other tissues (Fig. 4A-A-1).
In the cuticle fragments of cuticle derived from pectinal teeth
(comb-like structure), many circular pores were densely ar-
ranged along the marginal region (Figs. 4A-h-3 and 4E-h).
Epidermal cells in the book-lung, which is an organ specific to
arachnida, were film-like structures with a flat rhomboid retic-
ulate pattern (Figs. 4A-i and 4E-i). The pleural membrane was
made up of amorphous fragments of soft cuticle with irregular
circular and floral patterns (Figs. 4A-j, 4E-j-1 and 4E-j-2). The
genital operculum, pleural membrane, and the intersegmental
membrane consisted of soft cuticles and showed similar char-
acteristics to each other. Fragments derived from cuticles of
the metasoma and telson were darker red than those derived
from other tissues (Fig. 4A-k) and the large socket cells were
found on the surface (Fig. 4E-k-1). The cuticle derived from
vesicle was dark reddish brown (Figs. 4A-/-1 and 4A-/-2). The
tip of the aculeus was also colored dark reddish brown and
was not curved but sharp (Fig. 4A-1-3).

Most tissue fragments identified as hair were derived from
the seta and trichobothrium (Figs. 4B and 4E). Some hair
(trichobothrium) accompanied a cuticle attached to a socket
cell with a double ring-like shape. Hair (trichobothrium) of
the carapace was reddish brown and had vertical lines on
the surface (Fig. 4B-a). Two types of hair on the gnathobase
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(Fig. 4B-b) were observed; one was very fine with a sharp top
(Fig. 4E-b-1) and the other was not (Fig. 4E-b-2). Chelicera
hair showed two types of shapes, one soft curved and the
other rectilinear with a difficult-to-see lumen (Figs. 4B-c-1
and 4B-c-2). Pedipalp trichobothrium also showed two types
of shapes, where one was similar to those of the carapace
and the other was a fine seta with a socket cell (Figs. 4B-d
and 4E-d-2). Multiple trichobothria of legs arranged in a line
could be observed (Fig. 4B-e). Most hair on the mesosoma
was brownish with vertical stripes (Figs. 4B-f and 4E-f-2), but
some of them were colorless and short. Hair from metasoma
was similar to those of mesosoma but their lumen was clear
(Fig. 4B-k).

Muscles were derived from almost all tissues and were
observed in large amounts of pulverized fragments (Fig. 4C).
They were colorless to yellowish brown with clear striations
and appeared separately or as bundles. Some muscles derived
from the carapace appeared to be attached to the eye ball or
other tissues (Figs. 4C-a and 4D-qg). Pedipalp muscles were
composed of bundles larger than 100 ym in diameter (Fig. 4C-
d). In the legs, some muscles had striations (Figs. 4C-e-1 and
4E-¢) and some did not (Fig. 4C-e-2). Muscles derived from
the mesosoma developed better in the ventral side than in the
dorsal side and appeared as elongated fragments (Fig. 4C-f).
Some muscles derived from metasoma were almost colorless
(Figs. 4C-k and 4E-£-2).

Other sections appeared as major observed objects (Fig. 4D)
and may have been the tissues in the peritoneal cavity, which
seen to be colorless or yellowish-brown granules with single
or spherical lumps (Fig. 4D-f~1) containing oil drops stained
with Sudan III (Fig. 4D-f-2). Other tubular tissue fragments
(Figs. 4D-f-3 and 4D-f-4) were thought to be derived from
other gastrointestinal organs.

Fluorescence Fingerprint Analysis of “Quanxie” and
of Other Crude Drugs Derived from Insect Origins The
fluorescence fingerprint method involves scanning a sample
for a continuous wavelength of emission light and recording
the luminescence intensity of the fluorescence at a continuous
excitation wavelength. The results are presented as three-di-
mensional graphs of luminescence intensity at varied emission
wavelengths and excitation fluorescence (Fig. 5 x- and y-axes,
respectively). The samples for the fluorescence spectrometer
were mounted as solid materials irrespective of shape such as
fragmented cut bodies and powders. “Quanxie” gave strong
fluorescence upon UV light illumination (Fig. 1A(2)) and its
coarse powders showed remarkable fluorescence (Fig. 1E). In
order to prepare crude drugs for medication, whole or cut bod-
ies of “Quanxie” are pulverized into powders. The representa-
tive fluorescence fingerprint profile of “Quanxie” powders pre-
pared from a whole body is shown in Fig. SA. The graphs on
the left-hand side of Fig. 5 show the contour lines of lumines-
cence intensity, while the upper and lower right-hand graphs
show two-dimensional spectrograms at the peak luminescence
intensities for fixed excitation and emission wavelengths,
respectively. The data given are the maximum luminescence
intensities derived from the fluorescence spectrophotometer at
peak excitation/emission light wavelengths. Powders of whole
bodies of “Quanxie” showed remarkably high emission peaks
at approximately 490nm when irradiated with 400nm (Fig.
5A). Almost identical fingerprint profiles showed a peak at
480—-490nm emission light against 400nm excitation light in
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Fig. 5. Fluorescent Fingerprint of “Quanxie” and Other Crude Drugs Derived from Arthropods

Powder of whole bodies of “Quanxie” (Uchida-Wakanyaku Ltd.) (A). Powder of whole bodies “Chantui” (B): (1) Powder of whole slough; (2) Powder of eye part; (3)
Powder of thorax part. Powder of “Sangpiaoxiao” surface layer (C). Powder of “Jiangcan” surface layer (D). The left-hand diagrams (A-D) show contour lines of lumines-
cence intensity versus emission and excitation wavelengths of x- and y-axes, respectively. The right upper diagrams show the luminescence intensity of excitation spectra
and the lower diagrams show emission spectra at the peak excitation wavelengths. Data represent the value of luminescence intensity output from the fluorescence spectro-
photometer at the peak excitation and emission wavelengths. Contour line interval: (A), 5; (B)(1), (B)(2) and (C), 1; (B)(3) and (D), 2.

powders of different “Quanxie” products obtained from Japa-
nese wholesalers of crude drugs (Supplementary Fig. 1). These
profiles might be reflected by the fluorescence observed for
“Quanxie” (Fig. 1A(2)) and the powders of surface cuticles of
each part of mesosoma or metasoma showed remarkably high
emission peaks at 480-490nm when irradiated with 400nm
(Supplementary Figs. 2A and 2B). Compared to surface side
of outer tissues visible in the outside, we found that the tis-
sues inside the peritoneal cavity in “Quanxie” purchased from
Japanese wholesalers exhibited fluorescence at approximately
550nm after irradiation at 450nm (Supplementary Figs. 2C-
(1), -(2) and -(3)). “Toan yét” acquired from Vietnam exhibited
strong fluorescence image at outside (Fig. 1A) and similar
fingerprint profiles for powders of mesosoma and metasoma
parts to those obtained from Japanese wholesalers; the powder
of sand-like materials in the peritoneal cavity of “Toan vét”
did not exhibit a remarkable fluorescence fingerprint profile
(Supplementary Fig. 2C-(4)), indicating that these materials
might be different the from intraperitoneal tissues inside the
peritoneal cavity of “Quanxie” obtained from Japanese whole-
salers.

Since other insect crude drugs, “Chantui,” “Sangpiaoxiao”
and “Jiangcan” showed fluorescence upon illumination with
UV-light (Fig. 1), powders of these crude drugs prepared
by pulverization of whole bodies were mounted in the fluo-
rescence spectrometer. We succeeded in observation of the
fingerprint profile of the powders of “Chantui” whole bodies
(Fig. 5B), but failed in that of “Sangpiaoxiao” and “Jiangcan”
(data not shown). This might be because “Chantui” consists
of molten skins of cicada without any tissues inside and the
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powders are composed of parts of cicada slough with less
contamination from materials interfering with fluorescence as
observed in Fig. 1F. “Sangpiaoxiao” and “Jiangcan” are egg
cases of mantis and bodies of sick silkworm, respectively,
in which large amounts of internal tissues contaminate the
powder preparation of whole bodies of crude drugs and in-
terfere and/or quench fluorescence derived from surface parts
as observed in Figs. 1G and H, respectively. The fingerprint
profile of whole “Chantui” slough showed an emission peak
at 430nm after irradiation at 350nm, but the luminescence
intensities, 31.31, were smaller than those of “Quanxie,” 87.81
(Figs. 5A and B-(1)). In the body, remarkable fluorescence was
observed at eye and thorax part (Fig. 1F). Characteristic emis-
sion peaks were found in the eye and thorax of “Chantui” at
465nm emission after irradiation at 380 and at 430nm emis-
sion after irradiation at 350nm (Figs. 5B(2) and 5B(3), respec-
tively), indicating that the fingerprint profiles observed for the
powders of “Chantui” whole bodies might be majorly caused
by the fluorescence exhibited by the powder of these parts.
Although remarkable fingerprint profiles could not be obtained
for the whole bodies of “Sangpiaoxiao” and “Jiangcan,” the
parts of surface layer shaved and collected from these bod-
ies, for which the fluorescence could be observed as shown
in Figs. 1G and H, exhibited a typical fingerprint profile of
fluorescence; “Sangpiaoxiao” had an emission peak at ap-
proximately 565nm after excitation at 450nm and “Jiangcan”
had emission peaks at approximately 465 and 535nm after ex-
citation at 370 and 450 nm, respectively, both of which showed
different patterns compared from “Quanxie” and “Chantui”
and lower luminescence intensities than “Quanxie.”
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“Quanxie” Observed with a Fluorescence Microscope and Fluorescent Luminance Imaging Analysis for Brightness at Pixel Level
(sum of sixty scans) of a whole “Quanxie” body with excitation at 340-380, 450—490, and 532.5-557.5nm then observed through DAPI,

GFP, and TRITC filters (A, left, center, and right, respectively). Cross-section of the tergite area (B): images under visual light (left) observed through DAPI, GFP and
TRITC filters (second, third, and fourth photographs, respectively), and a merged photograph (the right end of photographs). Fluorescence brightness was independently
derived from three filters at the point indicated by the pink square (13X13 pix>=B, C, D, F, G, 20X20um?, E, 10X10um?, H, 50X50 um?). Fluorescence was observed
using a CCD camera attached to the fluorescence microscope and the number of counts observed through each filter was plotted to obtain the brightness (DAPI, GFP, and
TRITC filters for blue, green, and red histograms, respectively). Surface view of the pedipalp and sternite (C and D): overlay image of fluorescence with the three filtered
lights (right) and further merged with visible light image (left). Merged image of three fluorescent images of tergite and pectinal tooth cross sections (E and F). Longitudi-
nal section of muscle and fragmented intraperitoneal contents (G and H): images under visible light (left) and overlay of three fluorescent images (right). Bar lengths: (A):

1em; (B) to (H): 100 ym.

Microscopic Fluorescent Luminance Imaging Analyses
of “Quanxie” Powdered Fragments Distinguishable from
Other Insect Derived Materials Since scorpion bodies flu-
oresce after irradiation with approximately 380nm light (Fig.
1A), the emitted light gave characteristic fluorescence images
when viewed through DAPI, GFP, and TRITC filters (Fig.
6A). In the slice preparation, we could observe that the epicu-
ticle fluoresced blue and the procuticle fluoresced green. These
properties were used to characterize “Quanxie” using a fluo-
rescence microscope attached to a 2.38-million-pixel mono-
chrome CCD camera and analyzed using BZ-X Analyzer soft-
ware (Keyence). Figure 6B shows a representative resultant
photograph and histogram of the pleural membrane section.
Observation by visual light (Fig. 6B, photograph furthest to
the left) was used for the identification of micro-morphologi-
cal characters and, in the same view field, observation through
fluorescent light through individual DAPI, GFP, and TRITC
filters (Fig. 6B, the second, third and fourth of photographs
from the left, respectively, and the fifth was overlay of these
three photographs) gave characteristic information about the
tissues. The individual images were taken with a CCD camera
and the fluorescence brightness of specific pixels (shown as
the pink squares in the following figures) was analyzed and
overlaid into a histogram (Fig. 6B right) by the software with

31

blue, green, and red bars corresponding to images derived
from DAPI, GFP, and TRITC filters, respectively. In the ter-
gite area, the pleural membrane was more transparent under
visual light on the lower left side of the specimen (Fig. 6B).
In the observation of these images by individual filters to the
view field, any point of objective area of 20X20 um?, which
corresponded to 13X13 pix? in CCD camera image, could be
selected. Several pixel square points of different areas in an
identical view field were designated to measure fluorescence
brightness. Our detailed histogram-based observations that
surveyed several points of the tergite area revealed that simi-
lar histogram profiles could be observed in separate, individu-
al areas of homogenous cells (Supplementary Fig. 3).

The visual and fluorescence overlay photographs for sur-
face views of the pedipalp and sternite samples are shown in
Figs. 6C and 6D. In these regions, the green color was very
brightness and the histograms at the pixel point showed higher
quantified results for the green brightness than for blue or red.
For the cross-section view of the sternite, the epicuticle in par-
ticular shined bright blue with remarkable fluorescence (Fig.
6E). The histogram, therefore, showed a high value for the
brightness of the blue color. The surface of pectinal tooth was
also observed to fluoresce blue (Fig. 6F). Muscle (Fig. 6G) and
intraperitoneal tissues (Fig. 6H) had high values for brightness
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Fig. 7. Powdered “Quanxie” and “Chantui” Observed with a Fluorescence Microscope and Fluorescent Luminance Imaging Analysis

Powdered “Quanxie” (Uchida-Wakanyaku Ltd.) (A); Powdered “Chantui” (B); Mixture of “Quanxie” and “Chantui” powders (1:1, w/w) (C). A-(1), A-(4), B-(1), C(1),
and C-(4) show powders observed with visible light; A-(2), B-(2), and C-(2) show overlays of merged visible light images with three fluorescence images observed through
DAPI, GFP, and TRITC filters (Excitation: 340-380, 450—490, and 532.5-557.5 nm, respectively); A-(3), A-(5), B-(3), C-(3), and C-(5) show merged images of three fluo-
rescence images. Exposure times were 1/80 and 1/35 s. Histograms show the distribution of the brightness for the fluorescence observed through DAPI (blue bars), GFP
(green bars), and TRITC (red bars) filters in the areas indicated by the pink squares (13X13 pix?*=50X50 #m?). Red and purple framed histograms were determined to be

fragments derived from “Quanxie” and “Chantui,” respectively. Bar length: 200 ym.

of green and red and some were observed as yellow to brown.
In the preparation of the standard reference photographs from
the powdered materials mentioned in the previous section,
intraperitoneal contents were frequently observed, suggest-
ing that this particle-like material might be a good marker to
identify “Quanxie” using microscopic fluorescent luminance
imaging analysis.

In the “Quanxie”-derived powders (Fig. 7A), fragments
shined blue and yellow under the fluorescence microscope.
In particular, many yellowish fragments were observed in
“Quanxie” from Uchida-Wakanyaku Ltd. which contained a
lot of intraperitoneal contents (Fig. 7A). In contrast, there were
many fragments that shone blue in the Vietnam commercial
brand “Toan yét” powder (Supplementary Figs. 4A and B).
In the bluish fluorescent fragments found in the powders, the
distribution of brightness of each color depended on which
tissues each fragment derived from; the fragments showing
strong blue brightness were likely derived from the epicuticle
and those showing strong green brightness could be from the

pedipalp, sternite or muscle.

The powders derived from “Chantui” fluoresced only weak-
ly under irradiation with light that generated a strong response
from “Quanxie.” In order to strengthen the weak fluorescent
brightness of “Chantui” fragments, a long exposure time,
1/35s, was required, as compared to an exposure time of
1/80s for “Quanxie” (Fig. 7B). The brightness histogram after
1/80s exposure showed that the weak fluorescence distributed
at lower range in “Chantui” than that in “Quanxie” (compare
Figs. 7A-(3) and B-(3). A few fragments fluoresced blue and
other major fragments fluoresced almost red in “Chantui”
powder after 1/35s exposure (Fig. 7B-(3)(1/35s)); an abun-
dance of blue-fluorescing fragments was observed in the
thorax sample (Supplementary Fig. 4C). Since “Sangpiaoxiao”
and “Jiangcan” powders fluoresced less brightly, exposure
times of 1/25 and 1/35s, respectively, were necessary to take
photographs with enough quantifiable data to produce histo-
grams. Many fragments that showed strong brightness values
for red and green in the histograms looked as though they
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fluoresced yellow in microscopic photographs (Supplementary
Figs. 4D and 4E).

When “Quanxie” and “Chantui” powders were mixed 1:1
(w/w), they are distinguishable, since the brightness of fluo-
rescence derived from “Quanxie” tissue was apparently higher
than that from “Chantui” (Fig. 7C). In addition, the histogram
pattern by the fluorescent luminance imaging analysis could
provide the even origin of individual fragments as being from
either “Quanxie” or “Chantui.”

DISCUSSION

Recent advances in molecular biological and phytochemical
methods have provided new molecular phenotype markers.
Molecular biological phenotypes using PCR and nucleotide se-
quences and phytochemical phenotypes determined by HPLC,
TLC, and MS are useful to identify the constituent materials
and origins of crude drugs. Microscopic examination methods
have been traditionally used since they are convenient, fast,
and require small amounts of materials to identify the origin
of crude drugs. The specimens that require microscopic ob-
servation are usually chopped, broken, cut, fragmented, or
powdered and then mounted on glass slides, after which the
micromorphological characteristics can be difficult to use to
distinguish between animals and plants, unless the observer
knows individual characteristics. In microscopic observations
of powdered crude drug preparation, many similar figures
that were observed derived from completely different organ-
isms including sometimes both insects and plants. In order to
identify the ingredients found in a preparation of crude drugs
containing plant and animal origins, detailed and accurate
observation of the fragment characteristics is required and the
standard reference photographs must be prepared.

The respiration systems of arachnida consist of trachea
and/or book-lungs. Some arachnida have only trachea and oth-
ers have both trachea and book-lungs, which they use depend-
ing on the environmental conditions.”®**® Scorpions have no
trachea but respire using four pairs of book-lungs attached at
spiracles on the third, fourth, fifth, and sixth sternites,?”23:4%4¢)
Scorpions are known to have evolutionarily conserved rela-
tively primitive organs such as book-lung. The microscopic
characteristics of book-lung tissue observed here and in the
standard reference photographs might be useful for the identi-
fication of scorpions in powdered crude drugs.

Scorpion cuticle is known to emit fluorescence. Fluores-
cence fingerprinting is advantageous over other analytical
methods since that solid materials, such as whole bodies,
exfoliated exoskeletons, and powdered materials, can be ana-
lyzed and recovered after the analysis. Fluorescence was also
observed in the “Chantui,” “Sangpiaoxiao,” and “Jiangcan”
samples, but their fluorescence fingerprint profiles differed
from those of “Quanxie.” Since the fluorescence fingerprint
profiles of separate classes might be expected to differ, the
fluorescence fingerprint method was applied to identify crude
drugs derived from arachnida. Pandinus imperator (emperor
scorpion) fluoresced at 500nm after irradiation at 365nm and
other scorpions showed similar species-specific fluorescence
after species-specific excitation wavelengths.’>*" These facts
added to our results presented here support the conclusion that
fluorescence fingerprinting may be useful for the identifica-
tion of Buthidae. The data presented here are insufficient for
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perfect identification of individual Buthidae species. Signifi-
cantly more fingerprint profile data are going to be measured
to establish macroscale identification methods comparable
to micro-morphological identification. In this study, we ob-
tained preliminary results that a mixture of “Quanxie” and
“Chantui” powders showed different emission values at speci-
fied emission wavelengths. This suggests that the fingerprint
method may be useful to qualitatively and quantitatively iden-
tify crude drugs mixture with powder materials composed of
different species origins.

While the fluorescence fingerprint method could play an ef-
fective role in identifying “Quanxie” at the macro-level when
accompanied by macro-morphology data (Fig. 1), fluorescence
microscopy could be a useful and powerful tool to survey the
observed microscopic field and identify “Quanxie” using mi-
croscopic level data. Coupling fluorescence microscopy with
a CCD camera followed by imaging analysis, the targeted
regions of organs, tissues, and individual powdered fragments
could be analyzed to determine their distinct fluorescences
at three different fluorescence wavelengths. These data were
then quantitatively presented as histograms. The merit of
fluorescence microscopy observation was that fragments that
fluoresced could be detected in a large number of objects
under low-magnification. When one fragment in the powdered
crude drug mixture was detected under the low-power field,
its micro would be observed in a high-power field and then be
compared with standard reference to identify its origin. When
one fragment could be identified as originating from a certain
“Quanxie” tissue or organ, further microscopic fluorescent
luminance imaging analysis could then provide more reliable
identification by comparing to reference histogram profiles, if
they were available. Future detailed experiments to prepare
references standard histogram profiles of all of individual tis-
sues and organs of “Quanxie” should be conducted.

The fluorescence fingerprint and microscopic fluorescent
luminance imaging analysis methods established here are
an important breakthrough to have accurate, prompt, and
convenient identification methodologies for crude drug iden-
tification. These methods will be able to identify crude drugs
originated from many species, including “Quanxie,” when the
necessary databases of the standard references of fluorescence
fingerprint profiles and microscopic fluorescent luminance his-
tograms are ready.
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Eight ent-Kaurane Diterpenoid Glycosides Named Diosmariosides A—H
from the Leaves of Diospyros maritima and Their Cytotoxic Activity
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From the leaves of Diospyros maritima, collected from Okinawa Island, eight new glycosides based on
ent-kaurane-type diterpenoids, entitled diosmariosides A—H, were isolated. The absolute structure of dios-
marioside E (5) was determined by X-ray crystallographic analysis. The structure of diosmarioside H was
elucidated to be a dimeric compound between diosmarioside A and a sugeroside through a ketal bond. An
assay of cytotoxicity towards the lung adenocarcinoma (A549) cell line was performed. Among the com-
pounds isolated, only diosmarioside D (4) and sugeroside 9 showed strong activity. The anti-microbial activ-
ity toward multi-drug resistant strains was also determined, but no activity was observed.

Key words

Diospyros maritima BLuME (Ebenaceae) is an evergreen tall
tree with a height of ca. 10m, distributed in Okinawa, Taiwan,
Malaysia, Micronesia and Australia.” In summer, it bears
green sap fruits of 2 to 3 cm in diameter, which then turn to a
dark orange color in autumn. It is known that the fruits con-
tain a toxic naphthoquinone derivative, plumbagin, and their
constituents were extensively investigated by Higa et al*™
Recently, from the leaves and branches of a related Thai me-
dicinal plant, D. mollis, the isolation of naphthoquinone gly-
cosides was reported.” In our continuing work on Okinawan
resource plants, the constituents of the leaves of D. maritima
were investigated to give eight ent-kaurane diterpenoid gly-
cosides, entitled diosmariosides A-H (1-8), along with a
known ent-kaurane glucoside, sugeroside 9, isolated from flex
sugerokii var. brevipedanculata® and Rubus suaviussmus,)
and an ent-kaurane diterpenoid, (4R,16R)-16,17,19-trihydroxy-
ent-kaur-3-one (10),® isolated from Flickingeria fimbriata
(Fig. 1). The structure and stereochemistry of sugeroside 9,
isolated from R. suaviussmus, was confirmed by X-ray crys-
tallographic analysis.”

Results and Discussion

Eight new compounds (1-8) and two known ones (9 and 10)
were isolated from the MeOH extract of leaves of D. mari-
tima, using various kinds of chromatographic techniques. The
structures of the new compounds were elucidated by intensive
one- and two-dimensional NMR spectroscopic analyses and
chemical conversion. The absolute structure of diosmarioside
E (5) was determined by X-ray crystallographic analysis. The
structures of the known compounds were identified by the
comparison of spectroscopic data with those reported in the
literature.®”

Diosmarioside A (1), [0]2 —63.8, was isolated as colorless

*To whom correspondence should be addressed.

Diospyros maritima; Ebenaceae; ent-kaurane; ent-kaurane glycoside; dimeric ent-kaurane glycoside

plates and its elemental composition was determined to be
C;,H,0,, by the observation of a quasi-molecular ion peak
[M+Na]* using high-resolution (HR) electrospray ionization
(ESI) MS. The IR spectrum exhibited strong absorption bands
at 3460 and 3341, and 1693 cm™! ascribable to hydroxy groups
and a carbonyl functional group, respectively. In the 'H-NMR
spectrum, signals for three singlet methyls, methylene protons
on an isolated primary alcohol [dy 3.95 (1H, d, J=10.8Hz,
H-17b) and 4.47 (1H, d, J/=10.8Hz, H-17a)] and two anomeric
protons (0 4.99 and 5.80) were observed. Thus, 1 was ex-
pected to be a glycosidic compound and sugar analysis of its
hydrolysate using a chiral detector revealed the presence of
p-apiose and p-glucose. The *C-NMR spectrum displayed 31
signals and eleven signals were expected to be the result of
sugar moieties. The remaining 20 signals comprised of three
methyls, nine methylenes, one of which carried an oxygen
atom, three methines, and three quaternary, carbonyl and
oxygenated tertiary carbons. These functionalities implied
that diosmarioside A (1) was a diterpene with five degrees of
unsaturation and the comparison of 3C-NMR data with those
of sugeroside (9) indicated that 1 was an apiofuranosyl sug-
eroside (Table 1). The relative orientation of the C-17 primary
carbinol group was expected to be the same as that of 9 from
the phase sensitive (PS)-rotating frame nuclear Overhauser
effect spectroscopy (ROESY) correlations between H,-17 [y
447 (d, J=10.8Hz) and 3.95 (d, J/=10.8Hz)], and H-1la [dy
1.60 (m)]. The positions of the sugar linkage were determined
by heteronuclear multiple-bond correlation spectroscopy
(HMBC), in which the anomeric proton of p-apiofuranoside
was correlated with the C-6 of glucopyranose and then that
of glucopyranose with C-17 of the aglycone. The mode of
linkage of p-glucopyranoside was determined to be f from
the coupling constant of anomeric proton (J=7.6Hz) and that
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Fig. 1. New (1-8) and Known (9 and 10) Compounds Isolated

of p-aiofuranoside was also to be S by comparison of the
BC-NMR data of authentic samples prepared in our laboratory
[methyl g-p-apiofuranoside: o, 111.6 (C-1), 77.9 (C-2), 80.5
(C-3), 74.9 (C-4), 65.5 (C-5) and methyl a-p-apiofuranoside: d.
104.6 (C-1), 73.4C-2), 77.9 (C-3), 75.1 (C-4), 65.6 (C-5)]*'? Di-
osmarioside A (1) was found to be in the enantio series from
the negative Cotton effect at 289nm (A¢ —2.87) in the circular
dichroism (CD) spectrum.''? Therefore, the structure of dios-
marioside A (1) was elucidated, as shown in Fig. 1.

Diosmarioside B (2), [2]3 —65.4, was isolated as an amor-
phous powder and its elemental composition was determined
to be C;,Hs,0,5. The physicochemical data for 2 were similar
to those of 1, and HPLC analysis of its hydrolysate showed
only one peak for p-glucose, though NMR spectra indicated
the presence of two anomeric signals {0 4.97 (d, /=7.8Hz) on
dc 106.4 and dy 5.08 (d, J/=7.9Hz) on . 105.4]. In the HMBC
spectrum, one (Jy 5.08) of the anomeric protons correlated
with C-6' of the inner glucose unit and the other (é, 4.97)
with C-17 of the aglycone. From a similar negative Cotton
effect at 289nm in the CD spectrum, 2 was also expected to
be in the ent-series. Therefore, the structure of diosmarioside
B (2) was elucidated to be 6'-O-f-p-glucopyranoside of the
sugeroside, as shown in Fig. 1.

Diosmarioside C (3), [a]3 —92.6, was isolated as an amor-
phous powder and its elemental composition was determined
to be C,;(H,;O,. From the NMR spectroscopic data, diosmari-
oside C (3) was found to be an analogous compound to 1 and
2 with three sugar units. Sugar analysis of the hydrolysate of 3
revealed the presence of p-apiose, pD-xylose and p-glucose. D-
Xylose was expected to be the terminal sugar from typical five
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BC-NMR signals (J. 105.8, 74.7, 78.2, 71.1 and 67.2) and its
anomeric proton (o, 4.82) was correlated with C-5" (9. 72.8)
of apiofuranoside in the HMBC spectrum. The anomeric pro-
ton of apiofuranoside was then correlated with C-6" (6. 69.0)
of the inner glucose moiety. From a negative Cotton effect at
289nm in the CD spectrum, 3 was also expected to be in the
ent-series. Therefore, the structure of 3 was elucidated to be
the 5”-O-B-p-xylopyranoside of diosmarioside A, as shown in
Fig. 1.

Diosmarioside D (4), [¢]2’ —83.6, was isolated as colorless
needles and its elemental composition was determined to be
C;Hy0,,, which was the same as that of 1. All the function-
alities available from the NMR spectral data were also the
same as those of 1 and sugar analysis showed the presence
of p-apiose and p-glucose. However, the *C-NMR chemical
shifts of oxymethylene (C-17) and oxygenated tertiary (C-16)
carbons appeared at d. 63.0 and J. 90.2, respectively, which
were shifted by —12.5 and +9.6ppm, when compared with
those of 1. Thus, the sugar moiety must be attached at the
hydroxy group at the C-16 position. HMBC correlation also
supported this fact, with the anomeric proton of the glucose
moiety showing a cross peak with C-16 carbon. The relative
orientation of the C-17 primary carbinol group was expected
to be the same as that of 9 from the PS-ROESY correlations
between H-17a [4.12, (d, J=13.0Hz)] and H-1la [(1.56, (m)].
From a negative Cotton effect at 290nm in the CD spectrum,
4 was also expected to be in the ens-series. Therefore, the
structure of 4 was elucidated, as shown in Fig. 1.

Diosmarioside E (5), [a]2* —96.0, was isolated as colorless
fine needles and its elemental composition was determined
to be C;H;,0,, which was the same as that of 1. Diosmari-
oside E (5) was also analogous to the aforementioned com-
pounds, however, the oxygenated tertiary carbon disappeared,
instead of which, an isolated primary alcohol [3.94 (1H, brd,
J=10.1Hz) and 3.64 (1H, brd, /=10.1Hz)] was newly formed.
Since these methylene protons showed a correlation cross peak
with the carbonyl carbon, the newly formed oxymethylene was
placed on either C-18 or C-19. The significant correlation sig-
nal between H;-19 (9, 1.03) and H;-20 (6, 0.91) in the ROESY
enabled us to place the oxymethylene functional group at the
18-position (Fig. 2). Diosmarioside E (5) was found to be in
the enantio series from the negative Cotton effect at 294nm
(Ag —0.71) in the CD spectrum!"? and the geometry at the
16-position was explored by the PS-ROESY experiment.
Significant ROESY correlations between H-17b (0, 3.47) and
H-14b (J,; 1.06), and H-16 (J,; 2.18) and both of H-11a (d, 1.53)
and H-12b (65 1.32) suggested that the C-17 primary alcohol
was in the a-face, namely, the absolute configuration of the
16-position to be R (Fig. 2). Enzymatic hydrolysis of 5 gave
an aglycone (5a) and the correlations were found to be the
same as those of glycosidic form, 5. *C-NMR chemical shifts
of C-16 and its neighboring carbons were reported for the 16R
and 16S congeneric compounds in the literature.!”> However,
the data showed some discrepancy between those of 5a and
the 16S congener, as well as Sa and the 16R one. Finally, the
structure of Sa was confirmed by the X-ray crystallographic
analysis (Fig. 3) and the results obtained from the ROESY
experiment were verified, namely, that C-16 had the 16R
configuration. The Flack parameter [y=—0.03(3)] verified the
absolute configuration of 5a, as shown in Fig. 3, and the result
from the CD experiment was also confirmed.
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Table 1. C-NMR Spectroscopic Data for Diosmariosides A—H (1-8), Sugeroside (9) and 5a (150 MHz, Pyridine-d)
1 99 2 3 4 5 52 6 7 8

C Ca Cb

1 39.2 392 392 392 393 38.1 38.7 39.1 39.0 1 393 1” 372

2 342 34.3 342 342 342 36.7 354 282 282 2 343 2" 273

3 216.7 216.7 216.7 216.7 216.6 2174 219.0 782 782 3 216.6 3" 1144

4 47.1 473 47.1 471 471 52.6 52.3 394 394 4 472 4" 423

5 543 543 542 54.2 54.2 46.7 48.7 554 554 5 54.3 5" 532

6 219 21.9 21.9 21.9 21.8 223 21.5 20.6 20.7 6 219 6" 20.7

7 41.3 413 412 41.3 41.1 404 40.5 42.4 425 7 413 7 423

8 44.5 445 445 445 446 44.6 445 44.8 44.7 8 44.5 8" 44.6

9 55.5 555 55.5 55.5 55.6 54.5 54.8 570 56.9 9 556 9" 56.7
10 38.6 386 385 38.6 386 382 384 394 393 10 387 10" 39.1
11 18.9 19.0 19.0 18.9 19.1 19.3 19.1 18.8 18.6 11 19.0 12" 18.6
12 26.5 26.6 26.5 26.5 259 312 313 26.2 26.9 12 26.0 12" 26.9
13 46.2 46.3 46.1 46.2 432 38.6 382 434 46.4 13 46.2 13" 46.5
14 372 37.1 372 372 36.8 36.9 373 372 376 14 372 14" 374
15 53.0 529 534 52.9 51.6 455 44 .8 52.0 534 15 531 15" 532
16 80.8 80.8 80.7 80.8 90.2 40.9 433 90.3 80.9 16 80.8 16" 80.7
17 75.5 75.5 76.4 75.5 63.0 74.7 67.5 63.1 757 17 754 17" 75.7
18 273 273 273 273 272 68.6 67.3 28.9 289 18 273 18" 235
19 21.1 21.1 21.1 21.1 21.0 17.6 16.7 16.3 16.3 19 21.1 19" 20.3
20 177 17.8 17.8 17.7 17.7 17.7 173 18.1 18.0 20 17.8 20" 17.8

1’ 106.3 106.6 106.4 106.3 984 104.9 98.5 106.4 1 106.1 1 106.7
2! 754 75.5 752 75.4 753 75.1 75.3 75.4 2! 754 2" 75.5

3’ 78.6 78.8 78.5 78.6 789 78.6 78.9 78.6 3 78.6 3™ 787
4’ 71.9 71.7 71.7 71.7 72.1 71.9 72.1 71.9 4’ 71.6 4™ 71.7

5 713 78.7 772 773 77.1 772 77.1 713 5 76.9 5" 78.5
6’ 69.0 629 70.2 69.0 69.1 69.0 69.2 68.9 6’ 67.7 6" 62.8

1” 111.2 105.4 110.9 111.1 111.2 1112 1112 1" 109.5

2" 77.8 754 78.3 719 77.8 719 71.8 2" 79.0

3" 80.5 78.3 793 80.5 80.5 80.5 80.5 3" 86.4

4” 75.1 71.6 749 75.1 75.1 752 75.1 4" 74.5

5" 65.7 78.5 72.8 65.8 65.6 65.9 65.7 5" 73.9

6" 62.7

1" 105.8

2" 74.7

3" 782

4" 71.1

5" 67.2

a) Data were taken from ref. 6 (100 MHz, pyridine-d;). b) Data for CDCl,.

T Hes218
H-17a 63.99

| HATb 5347

4
H-14b
auk j

Fig. 2. ROESY Correlations of Dismarioside E (5) Sugar Portion Was
Omitted for Clearness

Diosmarioside F (6), [a]3 —57.8, was isolated as colorless
needles and its elemental composition was determined to be
C;H,,0,,. The ketone absorption band in the IR spectrum
observed for compounds 1-5 disappeared, and oxygenated
methine proton [dy 3.42 (1H, dd, J=10.7, 5.3Hz)] and carbon

38

Fig. 3. An ORTEP Drawing of the Crystal Structure of the Aglycone of
Diosmarioside E (5a)

(6c 78.2) signals were found in the NMR spectra. Since the
HMBC correlations are between the gem-dimethyl protons (dy
0.96 and 1.16) and the oxygenated methine carbon, this carbon
must be at the 3-position. The *C-NMR data of the B, C and
D rings were essentially the same as those of diosmarioside E
(4) (Table 1). Therefore, to confirm the structure of 6, includ-
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Fig. 4. 'H-'H COSY and HMBC Correlations of Diosmarioside H (8)

Dual arrow curves denote that HMBC correlations were observed in both direc-
tions.

ing the absolute stereochemistry, diosmarioside E (4) was re-
duced with NaBH,. Hydride must be introduced from the less
hindered si-face of the carbonyl carbon to give a sole product,
4a, which was spectroscopically identical as diosmarioside F
).

Diosmarioside G (7), [a]3! —42.2, was isolated as an amor-
phous powder and its elemental composition was determined
to be C;H,,0,,. p-Apiose and p-glucose were analyzed to
be present in the hydrolysate of 7 and their connectivity was
confirmed from the data of HMBC spectrum. The PC-NMR
chemical shifts of C-16 and C-17 suggested that the sugar moi-
ety was attached at the hydroxy group of C-17. The secondary
alcohol was at the C-3 position and then diosmarioside A (1)
was reduced with NaBH, to give 1a (=7) as a sole product.
Therefore, the structure of 7 was elucidated, as shown in Fig.
1.

Diosmarioside H (8), [¢]2* —49.4, was isolated as an amor-
phous powder and its elemental composition was determined
to be Ci;HgOp. The IR spectrum exhibited a carbonyl
absorption peak (1703cm™") along with strong bands for hy-
droxy groups (3444cm™). Three anomeric signals [0y 5.00
(d, J=79Hz) on d. 106.1, 65 5.04 (d, /=7.8Hz) on J. 106.7
and 6, 5.61 (brs) on J. 109.5] were observed in the NMR
spectra, while only two sugars, p-apiose and p-glucose, were
detected in its hydrolysate. In the HMBC spectrum, one
of the anomeric proton (dy 5.00) of p-glucopyranoside was
correlated with one of the primary alcohol carbon, another
anomeric proton (d 5.04) of p-glucopyranoside with the other
primary alcohol carbon and the anomeric proton (dy 5.61) of
p-apiofuranoside with the 6'-position of Dp-glucopyranoside
(Fig. 4). The remaining 40 carbon signals appeared as 19
sets of close peaks, except for carbonyl (d. 216.6) and ketal
(0c 114.4) carbons. HMBC correlation of the methylene pro-
tons (dy 4.38 and 4.45) of the 5"-position of p-apiofuranoside
with the ketal carbon suggested that diosmarioside H (8) was
a dimeric compound of two kaurane units with 13 degrees
of unsaturation. Upon inspection of the 'H-'H correlation
spectroscopy (COSY) and HMBC spectra (Fig. 4), the bond
connectivity was trailed from C-5" of the p-apiofuranoside
to establish that one of the kaurane units possessed diosmari-
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Fig. 5. ROESY Correlations of Diosmarioside H (8)

Table 2. Cytotoxicity toward A549 Cells (ICs,: um)

>100
>100
>100
511023
>100
>100
>100
>100
2.39+0.27
>100
36.5+7.84

0 2N AW -

-]

10
Etoposide

Etoposide: Positive control. Each value represents the mean*standard deviation
(S.D.) with triplicate experiments.

oside A (1)-like (unit A) scaffold and that was followed from
C-1" of the other p-glucopyranoside to the ketal carbon to
conclude that the ketal derivative of sugeroside (9) (unit B)
comprised of the rest of the structure (Fig. 1). Thus, the ke-
tone of sugeroside (9) must form a cyclic ketal with hydroxy
groups at C-3” and C-5" of p-apiofuranoside of the unit A. The
BC-NMR chemical shifts of C-3" and C-5” in the unit A were
apparently shifted downfield [C-3": d. 80.5 (1)—d. 86.4 (8)
and C-5" . 65.7 (1)=73.9 (8)], when compared with those of
1, proving that these groups were involved in the cyclic ketal
formation. The negative Cotton effect (Ae: —0.73) at 289nm
in the CD spectrum confirmed that the unit A possessed an
ent-series kaurene skeleton'"'? and the stereochemistry of the
ketal region was substantiated using the PS-nuclear Overhaus-
er effect spectrum. Significant cross peaks of H;-18" (9 0.96)
with H,-4" (0 4.21 and 4.44) were able to assign the absolute
configuration at the C-3" position to be R (Fig. 5), as well as.
Since *C-NMR chemical shifts of C-13”, C-14", C-15", C-16"
and C-17" were indistinguishable from those of sugeroside (9)
(Table 1), the unit B was also expected to have an ent-type
framework. The structure of diosmarioside H (8) was eluci-
dated to be a dimeric compound between diosmarioside A (1)
and sugeroside (9).

A considerable amount of diosmarioside A (1) and sug-
eroside 9 were isolated as the mother compounds of 8 from
the title plant. Although these compounds were treated with
d-camphor sulfonic or p-toluene sulfonic acids in dehydrated
dioxne, no reaction was observed.

Assay of cytotoxicity of compounds isolated toward ad-
enocarcinomic human alveolar basal epithelial cell line, A549
was performed. Among them, only diosmarioside D (4) and
sugeroside (9) showed strong activity at ICy, of 5.11 yum =0.23
and 2.38 um *=0.26, respectively (Table 2). At least, a ketonic
functional group was required at the 3-position for the expres-
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sion of activity, however, further structure—activity relation-
ships are currently uncertain.

The anti-microbial activity toward the following strains,
Acinetobactoer baumannii NBRC 110492 (opportunisti-
cally infectious), Enterococcus faecalis NBRC 100481 (op-
portunistically infectious), Klebsiella pneumoniae NBRC
14441 (opportunistically infectious), Pseudomonas aeruginosa
MDRP610 (multi-drug resistant and opportunistically infec-
tious), Serratia marcescens NBRC 110513 (opportunistically
infectious), Staphylococcus aureus MS-29772 (methicillin
resistant) and Acinetobacter sp. 160 (drug-resistant) was as-
sayed. However, none of the compounds isolated were found
to be active, suggesting that the cytotoxicity of compounds 4
and 9 might be specific to mammalian cells. In future work,
we will comprehensively investigate the biological properties
of these compounds, including the mode of action to the A549
tumor cells.

Experimental

General Experimental Procedures Melting points were
measured on a Yanagimoto micro melting point apparatus
and are uncorrected. Optical rotations were measured on a
JASCO P-2200 digital polarimeter. IR spectra were measured
on JASCO FT/IR-6100 spectrophotometers. 'H- and *C-NMR
spectra were taken on a Bruker Avance III at 600 MHz and
150 MHz, respectively, with tetramethylsilane as an internal
standard. CD spectra were obtained with a JASCO J-720
spectropolarimeter. Positive-ion HR-ESI-MS were measured
with a Thermo Fisher Scientific LTQ Orbitrap XL. Silica gel
column chromatography (CC) was performed on silica gel 60
(70-230 mesh) (E. Merck, Darmstadt, Germany) and reversed-
phase octadecylsilanized (ODS) open CC on Cosmosil 75C,s-
OPN (Nacalai Tesque, Kyoto, Japan) (¢=50mm, L=25cm).
HPLC was performed on an ODS column (Inertsil ODS-3;
GL Science, Tokyo, Japan; ¢=6mm, L=25cm, 1.6mL/min,
Cosmosil Cholester; Nacarai Tesque; ¢=6mm, L=25cm,
1.6mL/min, Cosmosil zNAP; Nacalai Tesque; ¢=10mm,
L=25cm, 4.0mL/min), and the eluate was monitored with
photo diode array (200—-400nm) and refractive index moni-
tors. B-Glucosidase was a generous gift from Shin Nihon
Chemical Co., Ltd. (Anjo, Aichi, Japan). i

Plant Material Leaves of D. maritima were collected in
Taketomi-cho, Yaeyama-gun, Okinawa, Japan, in November,
2003 and a voucher specimen was deposited in the Herbarium
of Pharmaceutical Sciences, Graduate School of Biomedical
and Health Sciences, Hiroshima University (03-DM-Oki-
nawa-1105).

Extraction and Isolation Air-dried leaves of D. maritima
(7.80kg) were extracted with methanol (MeOH) (45L) three
times. The MeOH extract was concentrated to 6L and then
washed with n-hexane (6L, 245g). The methanolic layer was
concentrated to a viscous gum. The gummy mass was sus-
pended in H,0 (6L), and then partitioned with ethyl acetate
(EtOAc) (6L) and 1-BuOH (6L), successively, to give 397g
and 216g of EtOAc and 1-butanol (BuOH)-soluble fractions,
respectively. The remaining water-layer was concentrated
to give a H,O-soluble-fraction (245g). The 1-BuOH-soluble
fraction was subjected to a Diaion HP-20 CC ($=80mm,
L=50cm), and eluted with H,0-MeOH (4:1, 5L), 3:2, 5L),
(2:3, 5L), and (1:4, 5L), and MeOH (5L), 1L-fractions
being collected. The residue (29.2g) in fractions 11-14 of
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Diaion HP-20 CC was subjected to silica gel CC (¢=50mm,
L=54.5cm), and eluted with CHCI; (3L), CHCl,-MeOH
99:1, 3L), (49:1, 3L), (97:3, 3L), (19:1, 3L), (37:3, 3L),
9:1, 3L), (7:1, 3L), (17:3, 3L), (33:7, 3L), (4:1, 3L), (3:1,
3L), and (7:3, 3L), S00mL-fractions being collected. The
residue (3.00g out of 9.08¢) in fractions 5056 was separated
by ODS CC (¢=50mm, L=25cm), and eluted with a linear
solvent system from MeOH-H,O (1:9, 2L) to MeOH-H,0
(9:1, 2L) linear gradient, 10 g-fractions being collected. Nine-
ty three point two milligram of 7 was afforded as crystals in
fraction 220-241.

The residue (64.5g) in fractions 15-19 of Diaion HP-20
CC was subjected to silica gel CC (¢=80mm, L=40cm), and
eluted with CHCl; (6L), CHCl,-MeOH (99:1, 6L), (49:1,
6L), (97:3, 6L), (19:1, 6L), (37:3, 6L), (9:1, 6L1), (7:1, 6L),
(17:3, 6L), (33:7, 6L), (4:1, 6L), (3:1, 6L), and (7:3, 6L),
1L-fractions being collected. Compounds 10 (56.4mg), 9
(114mg) and 4 (344 mg) were obtained as crystals in fractions
28, 42 and 44, respectively.

The residue (3.00g out of 12.3g) in fractions 53—-62 was
separated by ODS CC (¢=50mm, L=25cm), and eluted with
MeOH-H,O (1:9, 2L) to MeOH-H,0 (9:1, 2L) linear gra-
dient, 10g-fractions being collected. The residue (524 mg)
in fractions 216-226 was purified by HPLC (ODS-3, H,0-
MeOH, 2:3) and then the residue (111.0mg) from the peak
at 9.0min was further purified by HPLC (Cholester, H,0-
MeOH, 11:9) to give 22.1 mg of 5 from the peak at 26.5min.
The residue (104 mg) from the peak at 10.2min was further
purified by HPLC (Cholester, H,0-MeOH, 11:9) to give
37.9mg of 2 and 12.4mg of 3 from the peaks at 25.7min and
33.2min, respectively. ODS CC also afforded 9.7mg of 6 and
449mg of 1 as crystals in fractions 199-200 and 227-242,
respectively. The residue (13.6mg) in fractions 311-315 was
purified by HPLC (ODS-3, H,0-MeOH, 3:7) and then the
residue (8.0mg) from the peak at 31.0min was further purified
by HPLC (#zNAP, H,0-MeOH, 1:3) to give 5.4mg of 8 from
the peak at 35.4 min.

Diosmarioside A (1) Colorless plates, mp 203-204°C, [o]3S
—63.8 (¢=0.60, MeOH); IR v, (KBr) cm™": 3460, 3341, 2940,
2867, 1693, 1452, 1174, 1082; '"H-NMR (pyridine-d, 600 MHz)
d: 5.80 (1H, d, J=2.1Hz, H-1"), 4.99 (1H, J=7.6Hz, H-1"), 4.78
(1H, J=2.1Hz, H-2"), 477 (1H, brd, J=11.3Hz, H-6"), 4.61
(1H, d, J=9.4Hz, H-4"a), 4.47 (1H, d, J=10.8Hz, H-17a), 4.37
(1H, d, /=9.4Hz, H-4"b), 4.21 (2H, m, H-3' and 6'b), 4.19 (2H,
m, H,-5"), 413 (1H, m, H-5'), 4.08 (1H, m, H-2"), 4.05 (IH,
m, H-4"), 3.95 (1H, d, J=10.8Hz, H-17b), 2.47 (2H, dd, J=8.3,
6.4Hz, H,-2), 2.42 (1H, brs, H-13), 1.94 (1H, brd, J=11.7Hz,
H-14a), 1.91 (1H, m, H-12a), 1.81 (1H, m, H-1a), 1.80 (1H, brd,
J=11.7Hz, H-14b), 1.76 (1H, d, J=14.2Hz, H-15a), 1.61 (lH,
m, H-7a), 1.61 (1H, d, /=14.2Hz, H-15b), 1.60 (1H, m, H-11a),
1.44 (2H, m, H-11b and 12b), 1.40 (1H, m, H-7b), 1.30 (3H, m,
H-5 and H,-6), 1.24 (1H, ddd, J=13.1, 8.6, 8.6Hz, H-1b), 1.08
(3H, s, H;-18), 1.01 (3H, s, H;-19), 0.96 (1H, brd, /=8.4Hz,
H-9), 0.92 (3H, s, H,-20); “C-NMR (pyridine-d;, 150MHz):
Table 1; CD Ae (nm): —2.87 (289) (c=9.77X10"° M, MeOH);
HR-ESI-MS (positive-ion mode) m/z: 637.3198 [M+Na]*
(Caled C;;H,,0,,Na: 637.3194).

Diosmarioside B (2) Colorless amorphous powder, [o]3
—65.4 (c=0.50, MeOH)); IR v, (film) cm™: 3368, 2933,
2869, 1702, 1456, 1162, 1045; 'TH-NMR (pyridine-ds, 600 MHz)
d: 5.08 (1H, d, J=79Hz, H-1"), 497 (1H, d, /=7.8Hz, H-1"),
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494 (1H, dd, J=11.0, 1.6Hz, H-6'a), 4.78 (1H, dd, J=8.6,
79Hz, H-2"), 4.54 (1H, dd, J=11.6, 1.6 Hz, H-6"a), 4.41 (1H,
d, J=11.0Hz, H-17a), 440 (1H, dd, J=11.6, 5.1Hz, H-6"b),
4.27 (3H, m, H-6'b, 3" and 4"), 4.22 (1H, dd, J=8.8, 8.6Hz,
H-3"), 415 (1H, m, H-5"), 4.12 (1H, dd, J=9.5, 8.8Hz, H-4),
4.08 (1H, dd, J=8.6, 7.8Hz, H-2"), 4.05 (1H, d, J=11.0Hz,
H-17b), 3.95 (1H, m, H-5"), 2.48 (2H, dd, J=8.6, 6.6Hz, H,-2),
2.39 (1H, brs, H-13), 1.97 (1H, dd, J=11.0, 3.6 Hz, H-14a), 1.84
(IH, m, H-1a), 1.82 (1H, m, H-12a), 1.79 (1H, brd, J=11.0Hz,
H-14b), 1.78 (1H, d, J/=14.3Hz, H-15a), 1.71 (1H, d, /=14.3Hz,
H-15b), 1.64 (1H, m, H-7a), 1.61 (1H, m, H-11a), 1.45 (1H, m,
H-12b), 1.44 (1H, m, H-11b), 1.38 (1H, m, H-7b), 1.30 (3H, m,
H-5 and H,-6), 1.26 (1H, ddd, J=13.3, 8.6, 8.6Hz, H-1b), 1.08
(3H, s, H;-18), 1.01 (3H, s, H;-19), 0.96 (1H, brd, J=8.6Hz,
H-9), 0.92 (3H, s, H,-20); “C-NMR (pyridine-d;, 150 MHz):
Table 1; CD Ae (nm): —1.01 (289) (¢=7.27X107°M, MeOH);
HR-ESI-MS (positive-ion mode): m/z: 667.3305 [M-+Na]*
(Caled C,,H,,0;;Na: 667.3300).

Diosmarioside C (3) Colorless amorphous powder, [a]Z
—92.6 (¢=0.31, MeOH); IR v, (film) cm™: 3369, 2932, 2869,
1698, 1457, 1159, 1049; 'H-NMR (pyridine-d;, 600MHz) 4
5.78 (1H, d, /=2.8Hz, H-1"), 5.00 (1H, d, /=7.9Hz, H-1"), 4.82
(1H, d, J=76Hz, H-1"), 4.80 (1H, d, J=2.8Hz, H-2"), 4.75
(1H, dd, J=11.2, 1.6Hz, H-6a), 4.55 (1H, d, J/=9.5Hz, H-4"a),
4.49 (1H, d, J/=10.7Hz, H-17a), 4.45 (1H, d, J=10.4Hz, H-5"a),
4.32 (1H, dd, J=11.3, 5.2Hz, H-5"a), 4.31 (1H, d, J=9.5Hz,
H-4"b), 4.21 (1H, dd, J=9.0, 8.9Hz, H-3"), 4.20 (1H, m, H-6'b),
4.19 (1H, m, H-4"), 4.11 (1H, m, H-5), 4.11 (1H, d, J/=10.4Hz,
H-5"b), 4.11 (1H, dd, J=8.6, 8.4Hz H-3"), 4.09 (1H, dd, J=8.9,
79Hz, H-2"), 4.05 (1H, dd, J=9.2, 9.0Hz, H-4"), 3.96 (1H, d,
J=10.7Hz, H-17b), 3.98 (1H, dd, J=84, 7.6Hz, H-2"), 3.65
(1H, dd, J=11.3, 10.3Hz, H-5"b), 2.48 (2H, dd, J=8.6, 6.2Hz,
H,-2), 243 (1H, brs, H-13), 1.94 (1H, dd, J=11.3, 4.2Hz,
H-14a), 1.90 (1H, m, H-12a), 1.82 (1H, ddd, J=13.2, 13.0,
6.2Hz, H-1a), 1.80 (1H, brd, J=11.3Hz, H-14b), 1.76 (1H, d,
J=14.2Hz, H-15a), 1.62 (1H, d, J=14.2Hz, H-15b), 1.61 (2H,
m, H-7a and 1la), 1.43 (2H, m, H-11b and 12b), 1.42 (1H, m,
H-7b), 1.30 (3H, m, H-5 and H,-6), 1.26 (1H, ddd, J=13.2,
8.8, 8.6Hz, H-1b), 1.08 (3H, s, H;-18), 1.01 (3H, s, H;-19),
0.97 (1H, brd, /=8.4Hz, H-9), 0.91 (3H, s, H,-20); *C-NMR
(pyridine-d;, 150MHz): Table 1; CD Ae (nm): —0.86 (289)
(c=5.16X10"°m, MeOH); HR-ESI-MS (positive-ion mode):
miz: 769.3626 [M+Na]* (Calcd C;HsO,4Na: 769.3617).

Diosmarioside D (4) Colorless needles, mp 238-239°C,
[¢]® —83.6 (c=0.25, MeOH); IR v, (KBr) cm™': 3341,
2936, 2876, 1704, 1458, 1360, 1160, 1056; 'H-NMR (pyridine-
ds, 600MHz) J: 5.73 (1H, d. J=1.9Hz, H-1"), 5.04 (1H, d,
J=7.8Hz, H-1"), 476 (1H, d, J=19Hz, H-2"), 4.67 (1H, d,
J=9.1Hz, H-6'a), 4.61 (1H, d, /=9.4Hz, H-4"a), 4.38 (1H, d,
J=9.4Hz, H-4"b), 4.24 (1H, dd, J=8.9, 8.9Hz, H-3"), 4.22
(1H, d, J/=12.2Hz, H-5"a), 4.20 (1H, d, J=12.2Hz, H-5"b), 4.12
(1H, d, J=13.0Hz, H-17a), 4.08 (2H, m, H-5" and 6'b), 4.06
(1H, d, J=13.0Hz, H-17b), 4.03 (1H, dd, J=8.9, 7.8Hz, H-2'),
3.96 (1H, dd, J=9.1, 8.9Hz, H-4"), 2.71 (1H, brs, H-13), 2.51
(2H, m, H,-2), 2.15 (1H, brd, J=11.3Hz, H-14a), 2.09 (1H,
d, J=14.4Hz, H-15a), 195 (1H, brd, J=11.3Hz, H-14b), 1.81
(IH, ddd, J=12.6, 6.4, 6.4Hz, H-1a), 1.72 (2H, m, H-7a and
12a), 1.70 (1H, d, J=14.4Hz, H-15b), 1.56 (2H, m, H-1la and
12b), 1.42 (2H, m, H-7b and 11b), 1.30 (1H, m, H-5), 1.28 (2H,
m, H,-6), 1.25 (1H, m, H-1b), 1.06 (3H, s, H;-18), 0.99 (IH,
brd, /=7.4Hz, H-9), 0.96 (3H, s, H;-19), 0.96 (3H, s, H,-20);
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BC-NMR (pyridine-d;, 150 MHz): Table 1; CD Ae (nm): —2.14
(290) (c=8.14X107°M, MeOH); HR-ESI-MS (positive-ion
mode): m/z: 637.3198 [M+Na]" (Calcd C,H;,0,,Na: 637.3194).

Diosmarioside E (5) Colorless fine needles, mp 129-131°C,
[2]% —96.0 (c=0.25, MeOH)); IR v, (KBr) cm™': 3257, 2922,
2854, 1703, 1454, 1217, 1069; '"H-NMR (pyridine-d,, 600 MHz)
J: 5.84 (1H, d, J=2.4Hz, H-1"), 4.83 (1H, d, J/=7.7Hz, H-1"),
4.80 (1H, m, H-2"), 4.80 (1H, brd, J=11.3Hz, H-6"a), 4.62 (1H,
d, /=9.4Hz, H-4"a), 4.38 (1H, d, /=9.4Hz, H-4"b), 4.25 (1H,
dd, J=9.1, 8.6Hz, H-3"), 4.25 (1H, dd, J=11.3, 6.5Hz, H-6'D),
4.18 (2H, m, H,-5"), 4.14 (1H, m, H-5"), 4.08 (1H, dd, J/=9.2,
9.1Hz, H-4"), 4.05 (1H, dd, J=8.6, 7.7Hz, H-2"), 3.99 (IH,
dd, J=9.1, 7.0Hz, H-17a), 3.94 (I1H, brd, J=10.1Hz, H-18a),
3.64 (1H, brd, J=10.1Hz, H-18b), 3.47 (1H, dd, J=9.1, 8.9Hz,
H-17b), 2.71 (1H, ddd, J=17.2, 8.8, 3.7Hz, H-2a), 2.53 (1H,
ddd, J=17.2, 8.8, 8.6Hz, H-2b), 2.29 (1H, m, H-5), 2.28 (1H,
m, H-13), 2.18 (1H, m, H-16), 1.84 (1H, ddd, J=13.2, 8.6,
3.7Hz, H-la), 1.71 (1H, brd, J/=11.6Hz, H-14a), 1.53 (1H, m,
H-11a), 1.50 (1H, m, H-15a), 1.47 (1H, m, H-6a), 1.44 (1H, m,
H-1b), 1.41 (1H, m, H-11b), 1.37 (3H, m, H,-7 and 12a), 1.32
(IH, m, H-12b), 1.31 (JH, m, H-6b), 1.06 (1H, dd, J=11.6,
3.8Hz, H-14b), 1.04 (1H, m, H-9), 1.03 (3H, s, H;-19), 1.00
(1H, dd, J=13.4, 5.2Hz, H-15b), 0.91 (3H, s, H,-20); >C-NMR
(pyridine-d;, 150MHz): Table 1; CD Ae (nm): —0.71 (294)
(€=3.26x10"°M, MeOH); HR-ESI-MS (positive-ion mode):
m/iz: 637.3198 [M+Na]" (Calcd C;;H,,0,,Na: 637.3194).

Diosmarioside F (6) Colorless needles, mp 272-273°C,
[@}F —57.8 (¢c=0.32, MeOH); IR v, (KBr) cm™: 3412, 2930,
2869, 1169, 1047; 'H-NMR (pyridine-d;, 600MHz) &6 5.75
(1H, d, J/=2.1Hz, H-1"), 5.04 (1H, d, J=79Hz, H-1"), 4.78 (1H,
d, J/=2.1Hz, H-2"), 4.70 (1H, d, J=8.6Hz, H-6'a), 4.62 (1H, d,
J=9.4Hz, H-4"a), 4.38 (1H, d, /=9.4Hz, H-4"b), 4.23 (I1H, d,
J=13.4Hz, H-5"a), 4.22 (1H, m, H-3"), 4.21 (1H, d, J=13.4Hz,
H-5"b), 4.15 (1H, d, J=12.7Hz, H-17a), 410 (3H, m, H-17b,
5" and 6'b), 4.03 (1H, dd, J=8.8, 79Hz, H-2"), 3.96 (1H, dd,
J=8.6, 8.3Hz, H-4"), 3.42 (1H, dd, J=10.7, 5.3Hz, H-3), 2.74
(1H, brs, H-13), 2.16 (1H, brd, J=11.2Hz, H-14a), 2.13 (1H,
d, J=14.8Hz, H-15a), 2.05 (1H, brd, J=11.2Hz, H-14b), 1.87
(2H, m, H,-2), 1.77 (I1H, m, H-7a), 1.74 (3H, m, H-1la and
H-15b), 1.65 (1H, m, H-12b), 1.54 (2H, m, H,-11), 1.53 (1H,
m, H-7b), 1.49 (1H, m, H-6a), 1.30 (1H, m, H-6b), 1.16 (3H,
s, H;-18), 1.01 (3H, s, H;-20), 0.96 (1H, m, H-9), 0.96 (3H, s,
H,-19) 0.88 (1H, ddd, J=12.7, 12.6, 4.3Hz, H-1b), 0.75 (1H,
brd, J=11.6Hz, H-5); PC-NMR (pyridine-ds, 150 MHz): Table
1; HR-ESI-MS (positive-ion mode): m/z: 639.3355 [M+Na]*
(Caled C;H,0,,Na: 639.3351).

Diosmarioside G (7) Colorless amorphous powder, [a]3*
—42.2 (¢=0.32, MeOH)); IR v, (film) cm™: 3421, 2930,
2847, 1167, 1048; 'H-NMR (pyridine-d;, 600MHz) &: 5.80
(IH, d, J=2.2Hz, H-1"), 499 (IH, d, J=7.5Hz, H-1"), 4.79
(1H, d, J=2.2Hz, H-2"), 470 (1H, d, J=11.5Hz, H-6"a), 4.61
(1H, d, J=9.3Hz, H-4"a), 4.48 (1H, d, J=10.8Hz, H-17a), 4.37
(1H, d, J=9.3Hz, H-4"b), 4.21 (2H, m, H-3' and 6'b), 4.20
(1H, d, J/=13.4Hz, H-5"a), 4.18 (1H, d, J/=13.4Hz, H-5"b), 4.13
(IH, m, H-5), 4.08 (IH, dd, J=8.2, 7.5Hz, H-2"), 4.04 (1H,
dd, J=9.3, 8.6Hz, H-4"), 3.95 (1H, d, J=10.8Hz, H-17b), 3.42
(1H, dd, J=11.1, 5.0Hz, H-3), 2.42 (1H, brs, H-13), 1.93 (1H,
m, H-14a), 1.91 (2H, m, H-12a and 14b), 1.86 (2H, m, H,-2),
178 (1H, d, J=14.3Hz, H-15a), 1.74 (1H, brd, J=13.3Hz,
H-1a), 1.67 (1H, brd, J=12.5Hz, H-7a), 1.64 (1H, d, /=14.3Hz,
H-15b), 1.56 (2H, m, H,-11), 1.50 (2H, m, H-6a and 12b), 1.47
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(1H, ddd, J=12.5, 12.5, 3.4Hz, H-7b), 1.31 (1H, m, H-6b), 1.19
(3H, s, H;-18), 1.00 (3H, s, H,;-19), 0.97 (3H, s, H;-20), 0.92
(1H, brd, J=7.5Hz, H-9), 0.86 (1H, ddd, J=13.3, 12.7, 3.7Hz,
H-1b), 0.75 (1H, brd, J=11.5Hz, H-5); *C-NMR (pyridine-d,,
150MHz,): Table 1; HR-ESI-MS (positive-ion mode): m/z:
639.3355 [M+Na]" (Calcd C,Hs,0,,Na: 639.3351).

Diosmarioside H (8) Colorless amorphous powder, [o]3¢
—49.4 (c=0.36, MeOH); IR v_ . (KBr) cm™: 3444, 2932,
2869, 1703, 1456, 1054; 'H-NMR (pyridine-d;, 600MHz) &:
5.61 (1H, brs, H-1"), 5.04 (1H, d, J/=7.8Hz, H-1""), 5.00 (1H, d,
J=79Hz, H-1"), 4.61 (1H, dd, J=11.1, 1.7Hz, H-6"a), 4.59 (1H,
dd, J=11.7, 2.3Hz, H-6"a), 4.54 (1H, d, J=10.3Hz, H-17a),
4.49 (1H, d, J=10.7Hz, H-17"a), 4.45 (1H, d, /=8.9Hz, H-5"a),
4.44 (I1H, d, J=8.6Hz, H-4"a), 443 (1H, dd, J=11.7, 5.3Hz,
H-6"b), 4.38 (1H, d, J=8.9Hz, H-5"b), 4.33 (1H, brs, H-2"),
4.26 (1H, m, H-4"), 4.25 2H, m, H-3' and 3"), 4.21 (1H, d,
J=8.6Hz, H-4"b), 4.16 (1H, dd, J=11.1, 5.8Hz, H-6'b), 4.10
(2H, m, H-2" and 2"), 4.09 (1H, m, H-4'), 4.05 (1H, m, H-5"),
4.00 (1H, d, J=10.3Hz, H-17b), 4.00 (IH, m, H-5"), 3.93 (1H,
d, J=10.7Hz, H-17"b), 2.52 (2H, dd, J=8.6, 6.4Hz, H,-2), 2.47
(1H, brs, H-13), 2.44 (1H, brs, H-13"), 1.99 (1H, m, H-12a),
1.97 (1H, m, H-14a), 1.94 (IH, m, H-14"a), 1.89 2H, m, H-1a
and 14"b), 1.88 (1H, m, H-12"a), 1.86 (1H, m, H-14b), 1.84
(IH, m, H-2"a), 1.80 (1H, d, J=14.3Hz, H-152), 1.78 (1H, d,
J=14.3Hz, H-15"3), 1.77 (IH, m, H-2"b), 1.67 (1H, m, H-11a),
1.66 (2H, m, H-7a and 7"a), 1.66 (1H, d, J=14.3Hz, H-15b),
1.61 (1H, d, J=14.3Hz, H-15"b), 1.56 (1H, m, H-1"a), 1.53
(IH, m, H-12b), 1.52 (2H, m, H-11b and 11"a), 1.50 (2H, m,
H-7"b and H-12"b), 1.47 (1H, m, H-11"b), 1.45 (1H, m, H-7b),
1.43 (1H, m, H-6"a), 1.35 (3H, m, H-5 and H,-6), 1.33 (1H, m,
H-5"), 1.30 (1H, m, H-1b), 1.28 (1H, m, H-6"b), 1.16 (1H, ddd,
J=13.2, 13.2, 3.4Hz, H-1"b), 1.11 (3H, s, H;-18), 1.03 (3H, s,
H;-19), 1.02 (1H, m, H-9), 1.00 (I1H, m, H-9"), 0.98 (3H, s,
H;-20"), 0.96 (3H, s, H;-18"), 0.95 (3H, s, H;-19"), 0.91 (3H,
s, H;-20); *C-NMR (pyridine-ds, 150MHz): Table 1; CD Ae
(nm): —0.73 (289) (c=1.86X10">m, MeOH); HR-ESI-MS (pos-
itive-ion mode): m/z: 1101.5973 [M+Na]* (Caled Cy,H,, O, Na:
1101.5969).

Sugar Analysis About 500 ug each of 1-8 was hydrolyzed
with 1M HCI (0.1mL) at 90°C for 2h. The reaction mixtures
were partitioned with an equal amount of EtOAc (0.1mL),
and the water layers were analyzed by HPLC with a chiral
detector (JASCO OR-4090) on an amino column [InertSustain
NH,, CH,CN-H,O (4:1), ImL/min]. A hydrolyzate of 2 gave
a peak for p-glucose at 10.9 min, ones of 1, 4-8 gave peaks for
p-apiose and D-glucose at 6.1min and 10.9min, respectively,
and one of 3 gave peaks for p-apiose, p-xylose and p-glucose
at 6.1, 7.3 and 10.9 min, respectively, with positive optical rota-
tion signs. The peaks were identified by co-chromatography
with authentic samples.

NaBH, Reduction of Diosmariosides D (4) and A (1) to
Diosmariosides F (6) and G (7) To a solution of diosmari-
oside D @) (20.3mg) in 1.0 mL of MeOH was added 10.4mg
of CeCl;-7H,0 and then 1.6mg of NaBH,, the reaction
mixture being stirred for Smin at 25°C. Excess NaBH, was
quenched by the addition of 1mL of (CH,),CO and then the
reaction mixture was evaporated to dryness. The residue was
purified by preparative TLC (developed with CHCl,-MeOH-
H,0, 15:6:1, and then eluted with CHCl,~MeOH, 1:1) to
afford 2.7mg of 4a (=6). Diosmarioside A (1) (20.0mg) was
similarly reduced to give 6.7mg of 1a (=7). 4a: [a]Z* —52.2
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(¢=0.27, MeOH); NMR data were identical with those of
6; HR-ESI-MS (positive-ion mode): m/z: 639.3351 [M+Na]*
(Caled C;Hi,0,,Na: 639.3351). 1a: [aly! —37.3 (c=0.34,
MeOH); NMR data were identical with those of 7; HR-ESI-
MS (positive-ion mode): m/z: 639.3352 [M+Na]* (Calcd
C;,H,,0,,Na: 639.3351).

Enzymatic Hydrolysis of Diosmarioside E (5) Diosmari-
oside E (5) (8.2mg) was treated with f-glucosidase (4.0mg)
in 1mL of H,O at 37°C for 48h. The reaction mixture was
partitioned with 2mL of EtOAc and the aglycone (Sa) (2.0mg)
was recovered in the organic layer. Aglycone (Sa): colorless
crystals, mp 168-170°C, [¢]2® —73.0 (c=0.10, CHCL,); IR
v, (lm) em™': 3391, 2927, 2857, 1694, 1456, 1375, 1044;
"H-NMR (CDCl,, 600MHz) é: 3.94 (1H, d, J=11.2Hz, H-18a),
3.42 (2H, m, H,-17), 3.40 (1H, d, J=11.2Hz, H-18b), 2.62 (1H,
ddd, J=16.6, 12.4, 7.2Hz, H-2a), 2.34 (1H, ddd, J=16.6, 6.2,
2.9Hz, H-2b), 2.12 (1H, m, H-13), 2.10 (1H, ddd, /=134, 7.2,
29Hz, H-la), 1.97 (1H, ddddd, J=13.4, 7.9, 7.9, 79, 7.9Hz,
H-16), 1.87 (1H, brd, J=11.7Hz, H-14a), 1.66 (IH, m, H-5),
1.64 (2H, m, H,-11), 1.59 (2H, m, H-12a and 15a), 1.57 (1H, m,
H-7a), 1.49 (1H, m, H-12b), 1.48 (1H, m, H-6a), 1.47 (1H, m,
H-7b), 1.45 (1H, m, H-6b), 1.34 (1H, ddd, /=13.4, 12.4, 6.2Hz,
H-1b), 1.19 (3H, s, H;-20), 1.14 (1H, brd, J/=7.6Hz, H-9), 0.96
(1H, brd, J=11.7Hz, H-14b), 1.01 (3H, s, H,-19), 0.95 (1H, dd,
J=13.5, 54Hz, H-15b); C-NMR (CDCl,, 150MHz): Table
I; CD Ae (nm): —0.84 (290) (c=3.16X10"°m, MeOH); HR-
ESI-MS (positive-ion mode): m/z: 343.2245 [M+Na]* (Calcd
C,oH;,0;Na: 343.2244),

X-Ray Crystallographic Analysis of 5a The colorless
plate (0.200X0.1500.010mm?), obtained from methanol, was
immersed in Paraton-N oil and placed in the N, cold stream at
100K. The diffraction experiment was performed on a Bruker
D8VENTURE system (PHOTON-100 CMOS detector, CuKa:
1=1.54178 A). Absorption correction was performed by an em-
pirical method implemented in SADABS.! Structure solution
and refinement were performed by using SHELXT-2014/5"
and SHELXL-2018/3.'9

C,oH3,0;, M,=320.45; Orthorhombic, space group P2,2,2,,
Z=4, D_,,.=1254g-cm™>,  a=7.2244(6), b=11.015509),
c=21.3219(17) A, V=1696.8(2) A®, 22546 observed and 3556
independent [/>20(])] reflections, 335 parameters, final
R,=0.0329, wR,=0.0912, $=0.972 [I>20¢(])]. Flack parameter:
x=—0.03(3). All non-hydrogen atoms were refined anisotropi-
cally. The hydrogen atoms were refined isotropically on the
calculated positions using a riding model except for hydroxy
hydrogen. The largest difference peak and hole were 0.525
and —0.367eA™>, respectively. Supplementary X-ray crystallo-
graphic data for 5a (CCDC 1851583) can be obtained free of
charge via www.ccde.cam.ac.uk/conts/retrieving.html (or from
the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or de-
posit@ccdc.cam.ac.uk). .

Cytotoxic Activity toward Lung Adenocarcinoma, A549
Cells Cytotoxic activity toward lung adenocarcinoma cells
was determined by colorimetric cell viability assay using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT). Lung adenocarcinoma cell line A549 was purchased
from the JCRB Cell Bank, Japan. A549 cells were cultured in
Dulbecco’s modified Eagle’s medium supplemented with 10%
heat inactivated fetal calf serum, and kanamycin (100 zg/mL)
and amphotericin B (5.6 ug/mL).
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In a 96-well plate, 1uL aliquots of sample solutions and
the cancer cells (5X10° cells/well) in 100 uL medium were
added to each well, and then the plate incubated at 37°C under
a 5% CO, atmosphere for 72h. A solution (100 4L) of MTT
(0.5mg/mL) was then added to each well and the incubation
was continued for a further 1h. The absorbance of each well
was measured at 540nm using a Molecular Devices Versamax
tunable microplate reader. Dimethyl sulfoxide (DMSO) was
used as a negative control and etoposide as a positive control.
The cytotoxic activity was calculated as:

% inhibition = [1 - (Atest - Ablank )/ (Acontrol - Ablank )] X100

where A, is the absorbance of the control (DMSO) well,
4., the absorbance of the test wells, and A4y, the absorbance
of the cell-free wells.

Anti-microbial Activity Anti-microbial activity toward
bacteria was determined by the conventional paper disk (§ mm
in diameter; ADVANTEC, Japan) diffusion method. Assay
plates were prepared by pouring 25mlL of Miiller—Hinton
agar (Difco, U.S.A)) inoculated with a 250-uL aliquot of an
overnight broth culture of the test organisms into a culture
dish. Acinetobactoer baumannii NBRC 110492, Enterococcus
Jaecalis NBRC 100481, Klebsiella pneumoniae NBRC 14441,
Serratia marcescens NBRC 110513, Pseudomonas aeruginosa
MDRP610, Staphylococcus aureus MS-29772, and Acineto-
bacter sp. 160 were used as test organisms. NBRC strains
were obtained from the National Biological Resource Center,
Japan. Other strains were provided by Laboratory of Bacterial
Drug Resistance, Gunma University Graduate School of Med-
icine. Compounds 1-10 were dissolved in MeOH (1 mg/mL)
and a paper disk containing each of the compounds (70 ug)
was placed on the assay plate seeded with each of the test
organisms. Growth inhibition was examined after 24h incuba-
tion at 37°C. Arbekacin, levofloxacin and piperacillin were
used as positive controls.
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Abstract: A new phenolic compound, 2-O-f3-laminaribiosyl-4-hydroxyacetophenone (1), was isolated
from Cynanchi Wilfordii Radix (CWR, the root of Cynanchum wilfordii Hemsley), along with
10 known aromatic compounds, including cynandione A (2), bungeisides-C (7) and -D (8),
p-hydroxyacetophenone (9), 2’,5'-dihydroxyacetophenone (10), and 2’,4’-dihydroxyacetophenone
(11). The structure of the new compound (1) was elucidated using spectroscopic methods and
chemical methods. The structure of cynandione A (2), including a linkage mode of the biphenyl parts
that remained uncertain, was unambiguously confirmed using the 2D 3C-!3C incredible natural
abundance double quantum transfer experiment (INADEQUATE) spectrum. Additionally, health
issues related to the use of Cynanchi Auriculati Radix (CAR, the root of Cynanchum auriculatum Royle
ex Wight) instead of CWR have emerged. Therefore, constituents present in methanolic extracts of
commercially available CWRs and CARs were examined using UV-sensitive high-performance liquid
chromatography (HPLC), resulting in common detection of three major peaks ascribed to cynandione
A (2), p-hydroxyacetophenone (9), and 2’,4’-dihydroxyacetophenone (11). Thus, to distinguish
between these ingredients, a thin-layer chromatography (TLC) method, combined with only
UV irradiation detection, focusing on wilfosides C1N (12) and KIN (13) as marker compounds
characteristic of CAR, was performed. Furthermore, we propose this method as a simple and
convenient strategy for the preliminary distinction of CWR and CAR to ensure the quality and safety
of their crude drugs.

Keywords: Cynanchum wilfordii; phenolic glycoside; 2-O-[3-laminaribiosyl-4-hydroxyacetophenone;
cynandione A; thin layer chromatography; Cynanchum auriculatum

1. Introduction

Cynanchi Wilfordii Radix (CWR), the dried root of Cynanchum wilfordii Hemsley (family
Asclepiadaceae), is a crude drug listed in the Korean Herbal Pharmacopoeia [1]. CWR has been
used in Korea as a substitute for Polygoni Multiflori Radix, the dried root of Polygonum multiflorum
Thunberg (Polygonaceae), which is used for its restorative effects and is one of the important crude
drugs listed in the Japanese, Korean, and Chinese Pharmacopoeias. Recently, the use of Cynanchi
Auriculati Radix (CAR), the dried root of Cynanchum auriculatum Royke ex Wight, instead of CWR
has led to health problems in Korea [2,3]. Although CAR resembles CWR closely in appearance,
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CAR, a crude drug that differs from CWR in China, is currently treated as a toxic plant by the U.S. Food
and Drug Administration (FDA) [4]. Therefore, standards and methods to distinguish CWR from CAR
should be established to ensure the quality and safety of the crude drugs. We recently reported a survey
on the original plant species of crude drugs widely distributed as CWR in the Korean and Chinese
markets. This study revealed that CAR was incorrectly used in eight of the 13 products distributed
as CWR, including possible confusion of CWR and CAR [5]. Previous phytochemical investigations
of CWR identified the presence of pregnane glycosides, acetophenones, and humulanolides [6-11].
Although there are several reports on ingredient research using materials of CWA and CAR available
on the market, they may not be of the precise species. Therefore, detailed phytochemical information
on the raw material with defined origins is necessary to ensure the quality and safety of crude drugs.

Several studies have assessed the quality of CWR and CAR and have aimed to distinguish
between them using high-performance liquid chromatography (HPLC) [12,13], and many methods
used to identify crude drugs ensure reliability. However, in this study, the characterization of
phenolic constituents in authentic original CWR plant species is identified using DNA sequences [5],
and a simple and convenient thin-layer chromatography (TLC) method for the distinction of CWR and
CAR to ensure the quality and safety of their crude drugs.

2. Results and Discussion

2.1. Isolation and Characterization

A homogenate of CWR in 80% methanol (MeOH) was concentrated and further extracted
with n-hexane, ethyl acetate (EtOAc), and n-butanol (BuOH) to obtain the respective extracts and
water (HpO) extract. HPLC analysis was used to monitor the ultraviolet (UV)-sensitive compounds
(phenols) in the EtOAc and n-BuOH extracts, which were separately chromatographed using a Diaion
HP-20, YMC GEL ODS-AQ, and Chromatorex ODS with MeOH-H,O in a stepwise gradient mode.
The fractions showing similar HPLC or TLC patterns were combined and further purified using
column chromatography to obtain compound 1, cynandionene A (2) [14], uridine (3), guanosine
(4), adenosine (5), tryptophan (6) [15], bungeiside-C (7), bungeiside-D (8), p-hydroxyacetophenone
(9) [16], 2’ 5'-dihydroxyacetophenone (10) [13], and 2’,4’-dihydroxyacetophenone (11) [16]. The known
compounds 2-11 were identified by direct comparison with authentic specimens and by comparing
their spectral data with those reported in the literature (Figure 1).
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Figure 1. Structures of compounds 1-11.
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Compound 1 was isolated as a light brown amorphous powder. Its molecular formula
was assigned as CpoHpgOq3 based on its high resolution-electrospray ionization (HR-ESI)-mass
spectrometry (MS, m/z 475.1473 [M-H]~; caled. for CpoHpgOq3-H: 475.1457) and I3C-NMR
(20 13C signals) spectra. The UV spectrum showed absorption maxima at 228, 269, and 301 nm.
The proton ('H)- and '3C-NMR spectra of compound 1 exhibited the following signal characteristics
of the 2/,4’-hydroxyacetophenone moiety. The 'H-NMR spectrum (Figure S1) assigned based on the
'H-'H correlation spectroscopy (COSY) (Figure S2) exhibited signals due to an acetyl group (5y 2.62,
3H) and ABX-type proton signals due to a trisubstituted benzene proton, 6y 6.69 (d, ] = 2.0 Hz),
6.50 (dd, ] =2.0,8.5 Hz), and 7.68 (d, | = 8.5 Hz), and two sets of sugar protons.

This acetophenone unit was also supported by eight carbon signals, 6c 121.3, 160.9, 103.7,
164.9, 110.8, 133.3, 200.3, and 32.1 (C-1-8), in the 3C-NMR spectrum (Figure S3) assigned based
on heteronuclear single quantum coherence (HSQC) and heteronuclear multiple bond connectivity
(HMBC) spectra (Figure 2, Figures 54 and S5). Additionally, an aglycone of compound 1 was chemically
substantiated by acid hydrolysis followed by HPLC analysis, which showed the production of
2’ 4'-dihydroxyacetophenone. The presence of two sugar units in 1 was indicated by two anomeric
proton signals at &y 5.05 (d, | = 7.5 Hz) and 4.58 (d, | = 7.5 Hz) and others assigned based on
COSY, as shown in Table 1. Thus, the sugar residues were presumed to be hexoses, as revealed by
12 aliphatic carbon signals (8¢ 102.1, 110.8, 74.1, 75.5, 88.2, 77.9, 69.7, 71.6, 78.0, 78.2, 62.4, and 62.6) in
the 3C-NMR spectrum.

The sugar unit obtained following acid hydrolysis of compound 1 was identified as D-glucose
by the HPLC analysis of derivatives prepared by the reaction with L-cysteine methyl ester and
o-tolyl isothiocyanate according to the previously reported method [17]. The linking position
of each unit was determined by correlations among the glucose H-1" (5 5.05)/C-2 (5 160.9) of
the acetophenone moiety and glucose H-1" (6 4.95)/glucose C-3 (6 88.2) in the HMBC spectrum.
Moreover, the nuclear Overhause effect spectroscopy (NOESY) results showed a correlation between
the glucose H-1' (6y 5.05) and H-3 (5 6.69) (Figure 2). p-Glycosidic linkages at each glucose core
were assigned by a large coupling constant (J = 7.5 Hz). Therefore, compound 1 was established as
2-O-f-laminaribiosyl-4- hydroxyacetophenone.

Table 1. 1H- (500 MHz) and 13C-NMR (126 MHz) data of compound 1 measured in MeOH-d.

Positions 8¢ Sy (J in Hz)

1 121.3

2 160.9

3 103.7 6.69 (d, ] = 2.0)

4 164.9

5 110.8 6.50 (dd, ] = 2.0, 8.5)

6 133.3 7.68 (d, ] = 8.5)

7 200.3

8 321 2.62 (3H, s)
Glucose-1/ 102.1 5.05(d, ] =7.5)

2 74.1 3.74 (m) 4

3 88.2 3.67 (t, ] =9.0)

4 69.7 3.54 (t, ] = 9.0)

5/ 78.02 3.52 (m) d

6 62.4°  394(dd,]=15,12.0)¢, 3.75 (m) ©4
Glucose-1” 105.3 458 (d,J=7.5)

2”7 75.5 3.30 (m) 4

3” 7794 339 (t, ] =9.5)

47 71.6 3.30 (m) 4

5" 7822 3.35 (m) 4

6” 62.6°  3.89(dd,]J=20,115)¢,3.63 (m) <4

abc Assignments may be interchanged. 4 Overlapped signals.
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Key HMBC correlations

A

O H Key NOESY correlation

Figure 2. Key heteronuclear multiple bond connectivity (HMBC) correlations and nuclear Overhause
effect spectroscopy (NOESY) correlation of compound 1.

Cynandionene A (2) is a characteristic biacetophenone derivative with a biphenyl structure,
which was revised from 4,3'-diacetyl-2,3,2’,6'-tetrahydrohydroxybiphenyl by 6,3'-diacetyl-2,5,2’,6'-
tetrahydrohydroxybiphenyl after the structural elucidation [14]. It was difficult to confirm the
present structure based only on the HMBC spectrum because a connection between C-1 and C-1/
could not be confirmed. Therefore, in this study, we attempted to prove the connection of the
biphenyl carbon—carbon bond using two-dimensional (2D) incredible natural abundance double
quantum transfer experiment INADEQUATE) for the first time. All C—C correlations were observed
as shown in Figure 3. Compound 2 was shown to have C-C correlations between C-1 and C-1".
Therefore, the present biphenyl structure of compound 2 was supported by the 2D-INADEQUATE
data. The positions of two acetyl groups were also confirmed using HMBC.

X 109foud|

o
w
o)
w

o
aQ
o)
u

150.0 140.0 130.0 1200 110.0

160.0 100 200
X : parts per Million : Carbon13 (thousandths)

Figure 3. Two-dimensional incredible natural abundance double quantum transfer experiment
(2D-INADEQUATE) spectrum of compound 2.
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2.2. Preliminary Quality Evaluation of CWR and CAR Using TLC

CAR resembles CWR closely in appearance as shown in Figure 4. In this study, CWR and CAR
(four and nine samples, respectively) identified using DNA sequences [5] were used as the test samples
(Table 2 and Figure 4). HPLC chromatograms of MeOH extracts (CWR-Ex and CAR-Ex) obtained from
these samples are shown in Figure 5.

(A)

b e

e i ey B s e 7 a0 wciake i e

Figure 4. Crude drugs identified: (A) Cynanchi Wilfordii Radix (CWR, the root of Cynanchum wilfordii
Hemsley) (Product C), and (a) Cynanchi Auriculati Radix (CAR, the root of Cynanchum auriculatum
Royke ex Wight) (Product h).

Table 2. The Korean and Chinese market samples used in this study.

Products Crude Drug Locality Market
A Cynanchi Wilfordii Radix (CWR) Korea Korea
B Cynanchi Wilfordii Radix (CWR) Korea Korea
C Cynanchi Wilfordii Radix (CWR) Yeongcheon Korea
D Cynanchi Wilfordii Radix (CWR) Yeongcheon Korea
a Cynanchi Auriculati Radix (CAR) Jiangsu China
b Cynanchi Auriculati Radix (CAR) Jiangsu China
c Cynanchi Auriculati Radix (CAR) Jiangsu China
d Cynanchi Auriculati Radix (CAR) Jiangsu China
e Cynanchi Auriculati Radix (CAR) Jiangsu China
f Cynanchi Auriculati Radix (CAR) Jiangsu China
g Cynanchi Auriculati Radix (CAR) Jiangsu China
h Cynanchi Auriculati Radix (CAR) Korea Korea
i Cynanchi Auriculati Radix (CAR) Korea Korea

In all the HPLC analyses of CWR-Ex samples, three main peaks corresponding to cynandione
A (2), p-hydroxyacetophenone (9), and 2’,4-dihydroxyacetophenone (11) were detected. In CAR-EXx,
products b—e and g—i, but not a and £, were also mainly detected, suggesting that it would be difficult
to distinguish these crude drugs by detecting these three compounds as reference compounds. On the
other hand, CAR exhibited a peak corresponding to wilfosides K1N (13), which was not clearly detected
in those of CWR. Because it was difficult to distinguish the species using HPLC analyses, a TLC
method was developed. The TLC chromatogram of CAR-Ex with an EtOAc/water/MeOH/acetic
acid (200:10:10:3, v/v/v/v) solvent mixture (A) as the mobile phase provided well-separated spots
under UV light (254 nm) including a clear spot with approximately Rf 0.5 (Figure 6). This spot was
revealed to be due to two compounds with almost the same Rfs. These two compounds were isolated
by preparative TLC with the other solvent system, n-hexane-acetone (1:1), leading to clearly separated
spots and were identified as wilfosides C1N (12) and K1IN (13) [18].

Several previous studies have reported strategies for distinguishing CWR and CAR. For example,
one method evaluated seven compounds in each sample, whereas another study used conduritol F
as a marker compound, which is a characteristic constituent in CWR [12,13]. However, one method
was complicated because it required the analysis of numerous constituents in samples using HPLC,
and the other involved detection using a spray reagent using TLC. Additionally, the identification
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of the type of samples is vague, although the appearances are similar. The method proposed in the
present study is extremely simple because the sample was extracted with MeOH, followed only by
a TLC method with UV irradiation detection. Thus, this method could be useful as a distinguishing
tool among the preliminary TLC methods for comparison of CWR and CAR.

o] A 1| 2
9
25
ol
T T T T T T T
00 50 100 150 200 250 300 35.0 400 45.0 min
‘BJ‘UB
1064
507
J S . MM
T T T T T T T
00 50 100 150 200 250 300 35.0 400 45.0 min
wAU
A C
o
T T T T T T T T T
00 50 100 150 200 250 300 360 400 40 nin
mAU
25JNMM
o}
T T T T T T T T T
00 50 100 150 200 250 300 360 400 40 nin
108
a 13
50
o
T T T T T T T T
% 50 100 150 200 250 300 360 400 40 nin
n
o b
28]
JEE P
T T T T T T T
00 50 100 150 200 250 300 360 400 40 nin
mAU
08 G
50§
I M
T T T T T T T T
9 50 100 150 200 250 300 360 400 40 nin
n
106] d
i ~ ,\NJLV\‘,\
o} .
T T T T T T T
%y 50 100 150 200 250 300 360 400 40 nin
200] e
100]
o A
T T T T T T T T
%y 50 100 150 200 250 300 360 400 40 nin
100] f
50
0
T T T T T T T T
[ 50 100 150 200 250 300 360 400 40 nin
50§ g
25
o
T T T T T T T T T
0 50 100 150 200 250 300 360 400 40 nin
wAU
d h
50§
o T
T T T T T T T T
% 50 100 150 200 250 300 360 400 40 nin
P
106 |
50§
o 0 |
T T T T T T T

o
S
o
S
=
=4
=
=4
o
5
=S
o
&
b=
w
a8
=4
P
&
=4
=
S
&
=
E

5

Figure 5. HPLC chromatograms of the crude drug extracts identified as Cynanchi Wilfordii Radix
(CWR) (A-D) and Cynanchi Auriculati Radix (CAR) (a-i). The number on the chromatogram
corresponds to the compound number. HPLC conditions are described in condition 1 of Section 3.
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A B C D a b c¢c d e f g h i 12 13

Figure 6. TLC chromatograms of the crude drugs Cynanchi Wilfordii Radix (CWR) (A-D) and Cynanchi
Auriculati Radix (CAR) (a-i). TLC plate illuminated with UV 254 nm. 12: wilfoside C1N, 13: wilfoside
K1N. Conditions are described in Section 3.

3. Experimental Section

3.1. General

Optical rotations were measured using a JASCO P-1020 digital polarimeter (JASCO Corporation,
Tokyo, Japan). The UV spectra were recorded using a Shimadzu UVmini-1240 (Shimadzu Corporation,
Kyoto, Japan). The HR-ESI-MS spectra were obtained using a mictrOTOF-Q (Bruker Daltonics, Billerica,
MA, USA) mass spectrometer with acetonitrile as the solvent. The NMR spectra were recorded using
a Bruker AVANCE500 instrument (Bruker BioSpin, Billerica, MA, USA; 500 and 126 MHz for H and
13C, respectively) and chemical shifts were expressed as parts per million (ppm) relative to those
of the solvents [MeOH-d, (6y 3.30; 6¢ 49.0), and dimethyl sulfoxide (DMSO)-dg (511 2.50; 5¢ 39.5)]
on a tetramethylsilane scale. The standard pulse sequences programmed for the instrument (AVANCE
500) were used for each 2D measurement (COSY, HSQC, and HMBC). The 2D-INADEQUATE spectrum
was recorded using a JEOL ECA800 instrument (JEOL, Tokyo, Japan). Column chromatography was
carried out using the Diaion HP-20, MCI-gel CHP-20P (Mitsubishi Chemical Co., Tokyo, Japan),
Chromatorex ODS (Fuji Silysia Chemical Ltd., Aichi, Japan) and YMC GEL ODS (YMC Co. Ltd.,
Kyoto, Japan), respectively. Preparative TLC was carried out using TLC Silica gel 60 F,s4 glass plates
(Merck, Darmstadt, Germany). TLC was performed with CAMAG HPTLC equipment (CAMAG,
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Muttenz, Switzerland) including a Linomat V applicator (CAMAG) and visualizer documentation
system (CAMAG). The samples were spotted on HPTLC Silica gel 60 Fys4 glass plates (20 x 10 cm,
Merck), and the spots were detected using UV irradiation at 254 nm. The reversed-phase (RP)
HPLC conditions were as follows. Condition 1: column, L-column ODS (5 um, 150 x 2.1 mm i.d.,
Chemicals Evaluation and Research Institute, Tokyo, Japan); mobile phase, solvent A was 0.1%
formic acid in water, and solvent B was 0.1% formic acid in acetonitrile (0-30 min, 0-50% B in A;
30-35 min, 50-85% B in A; 35-40 min, 85-85% B in A); injection volume, 2 pL; column temperature,
40 °C; flow-rate, 0.3 mL/min; and detection wavelength, 200-400 nm. Condition 2: column, YMC-pack
ODS-AQ-3C2 (5 pm, 150 x 2.0 mm i.d., YMC Co. Ltd., Kyoto, Japan); mobile phase, 10 mmol/L
phosphoric acid (H3PO4)-10 mmol /L monopotassium phosphate (KH;PO,)-acetonitrile (8:2); column
temperature, 30 °C; flow-rate, 0.25 mL/min; and detection wavelength, 280 nm. Condition 3: column,
YMC-pack ODS-AQ-3C2 (5 um, 150 x 2.0 mm i.d., YMC Co. Ltd., Kyoto, Japan); mobile phase,
50 mmol/L phosphate buffer-acetonitrile (75:25); column temperature, 35 °C; flow-rate, 0.3 mL/min;
and detection wavelength, 250 nm.

3.2. Materials

The CWR products used in the phytochemical investigation were purchased at a crude drug store
at the Gyeongdong Market (Seoul, Korea). CWR and CAR for HPLC and TLC analyses were obtained
from the Gyeongdong or Chinese markets and were provided by Japanese crude drug wholesalers.
The identities of all the crude drugs were confirmed using DNA sequences [5]. All other reagents used
were of analytical grade.

3.3. Extraction and Isolation

The CWR product (300 g) was homogenized in 3 L 80% MeOH [MeOH-H,O (8:2)], the homogenate
was filtered, concentrated to approximately 300 mL, and then extracted with 3 L each of n-hexane,
EtOAc, and n-BuOH to obtain extracts at yields of n-hexane (492.9 mg), EtOAc (7.0 g), n-BuOH (13.2 g),
and water (43.2 g), respectively. The EtOAc extract (500 mg) was chromatographed using the YMC
GEL ODS with MeOH-H,O (10:90—20:80—30:70—40:60—50:50—100:0) in stepwise gradient mode.
The fractions showing similar HPLC patterns were combined and further purified using column
chromatography with the Chromatorex ODS or preparative TLC with n-hexane-acetone (2:1 or 1:1),
or both to obtain p-hydroxyacetophenone (9, 13.8 mg), 2,5~ dihydroxyacetophenone (10, 1.0 mg),
2’ 4'-dihydroxyacetophenone (12, 3.8 mg), and cynandionene A (2, 9.6 mg). The n-BuOH extract
(12.5 g) was similarly separated using column chromatography over Diaion HP-20 with MeOH-H,O
(0:100—10:90—20:80—30:70—40:60—50:50— 100:0) in stepwise gradient mode. The H,O eluate (3.0 g)
was separated using column chromatography using the Chromatorex ODS with aqueous MeOH
to obtain uridine (3, 6.3 mg), and adenosine (5, 2.3 mg). The 10, 20, 30, and 40% MeOH eluates
(120, 130, 89, and 52 mg, respectively) were purified using column chromatography with YMC GEL
ODS using aqueous MeOH to obtain guanosine (4, 21.8 mg), tryptophan (6, 20.6 mg), bungeiside-C
(7, 13.7 mg) plus compound 1 (2.4 mg), and bungeiside-D (8, 7.0 mg), respectively. These compounds
were identified by direct comparison with authentic specimens or by comparing their spectral data
with those reported in the literature. The physical spectral data of the new compound 1 are as follows.

2-O-B-Laminaribiosyl-4-hydroxyacetophenone (1): A light brown amorphous powder. UV Apax (MeOH)
nm (log ¢): 228 (3.01), 269 (3.14), 301 (2.94). [a]p?* -14° (c 1.0, MeOH). 'H-NMR (500 MHz, MeOH-dy)
and 3C-NMR (126 MHz, MeOH-d,) data are shown in Table 1. HR-ESI-MS m/z: 475.1473 ((M-H],
Calcd. for C20H28013-H: 475.1457).

Cynandione A (2): "H-NMR (DMSO-dy, 800 MHz) § 12.86 (1H, s, 2/-OH), 10.31 (1H, s, 6'-OH),
9.31 (1H, s, 2-OH), 8.49 (1H, s, 5-OH), 7.68 (1H, d, ] = 2 Hz, H-4'), 6.72 (1H, d, ] = 8 Hz, H-3), 6.67 (1H, d,
] = 8 Hz, H-4),6.43 (1H, d, ] = 8 Hz, H-5'), 2.50 (3H, s, 8-CH3), 2.19 (3H, s, 8/-CHj3). 3C-NMR (DMSO-d,
200 MHz) & 203.7 (C-7'), 203.6 (C-7), 163.0 (C-2), 162.8 (C-6'), 148.5 (C-2), 147.5 (C-5), 132.7 (C-4'),

51



Molecules 2018, 23, 656 9of 11

130.7 (C-6), 118.7 (C-1), 117.9 (C-3), 116.3 (C-4), 112.8 (C-3'), 112.0 (C-1'), 108.0 (C-5'), 31.2 (C-8),
26.7 (C-8).

The CAR product (103 g) was homogenized in 80% MeOH (1 L), and the homogenate was filtered,
concentrated to approximately 100 mL, and then extracted with n-hexane (300 mL), EtOAc (300 mL),
n-BuOH (3 L), and water to obtain the solvent extracts at yields of 4929 mg,7.0g,13.2g,and 43.2 g,
respectively. The EtOAc extract (100 mg) was dissolved in MeOH and subjected to preparative
TLC [n-hexane-acetone (1:1)] to yield wilfoside CIN (12, 8.0 mg) and wilfoside K1N (13, 10.5 mg).
These compounds were identified by comparing their 'H- and '>*C-NMR data with those reported in
literatures and were used as standard samples.

3.4. Partial Acid Hydrolysis of Compound 1

A solution of compound 1 (0.2 mg) in H,O (0.2 mL) and 1 mol/L hydrochloric acid (HCI, 0.1 mL)
was heated in a boiling water bath for 8 h. After removing the solvent, the residue was analyzed using
HPLC (under Condition 2), and 2’ 4’-dihyroxyaetophenone was detected.

3.5. Determination of Sugar Configuration of Compound 1

The sugar configuration was determined using a previously described method [17]. Compound 1
(1.0 mg) was hydrolyzed by heating in 1 mol/L HCI (0.2 mL) and neutralized with Amberlite IRA400.
After evaporation, the residue was dissolved in pyridine (0.2 mL) containing L-cysteine methyl ester
hydrochloride (1.0 mg) and heated at 60 °C for 1 h. o-Tolyl isothiocyanate (1.0 mg) in pyridine (0.2 mL)
was then added to the mixture and heated at 60 °C for 1 h. The reaction mixture was directly analyzed
using RP-HPLC (under Condition 3). The peak coincided with that of the derivative of the authentic
D-glucose sample.

3.6. Preparation of Test Solution of the Crude Drugs for HPLC and TLC

A sample of each product obtained from the open market was pulverized (0.2 and 1 g for the HPLC
and TLC analyses, respectively), extracted with MeOH (1.0 mL) by sonication for 5 min, centrifuged,
and the supernatant obtained was used as the test solution. The HPLC was performed under Condition
1 described in Section 3.1. For the TLC, aliquots (5 uL) of each test solution were applied to the HPTLC
plates, which were developed in a TLC chamber saturated with EtOAc/water/MeOH/acetic acid
(200:10:10:3, v/v/v/v) mixture as the mobile phase. The spots were detected under a UV lamp at
254 nm.

4. Conclusions

In the present study, a new phenolic compound, 2-O-3-laminaribiosyl-4-hydroxyacetophenone
(1), was successfully isolated from CWR, in addition to 11 known compounds. Cynandione A (2),
which is one of the main constituents of CWR with a biphenyl moiety, was identified using its
2D BC-13C INADEQUATE spectrum; the carbon—carbon connection of the biphenyl moiety was
clearly confirmed for the first time. The component distributions of MeOH extracts of CWR using
a UV-sensitive HPLC analysis revealed three peaks of cynandione A (2), p-hydroxyacetophenone (9),
and 2’ 4’-dihydroxyacetophenone (11), which were the main detected constituents. The emerging use
of CAR in place of CWR has led to the need for a differentiating method, and therefore, we proposed
and developed the present TLC method for the preliminary distinction between CWR and CAR.

Supplementary Materials: The following are available online at www.mdpi.com/1420-3049/23/3/656/link,
Figures 51-S5.
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Rapid and efficient high-
performance liquid
chromatography analysis of
N-nitrosodimethylamine impurity
in valsartan drug substance and its
products

Sayaka Masada, Genichiro Tsuji, Ryoko Arai, Nahoko Uchiyama, Yosuke Demizu,
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In July 2018, certain valsartan-containing drugs were voluntary recalled in Japan owing to
contamination with N-nitrosodimethylamine (NDMA), a probable human carcinogen. In this study,

an HPLC method was developed for the quantitative detection of NDMA simultaneously eluted with
valsartan. Good linearity with a correlation coefficient (R?) > 0.999 was achieved over the concentration
range of 0.011-7.4 pg/mL. The limits of detection and quantification were 0.0085 pg/mL and 0.0285 pg/
mL, respectively. When the recalled valsartan samples were subjected to this method, the observed
NDMA contents were in agreement with the reported values, indicating that our method achieved
sufficient linearity, accuracy, and precision to detect NDMA in valsartan drug substances and products.
Moreover, six samples (valsartan drug substances and tablet formulations), which had a possibility for
NDMA contamination, were analyzed; none of the samples contained NDMA at detectable levels. Our
method would be useful for the rapid screening and quantification of NDMA impurity in valsartan drug
substances and products.

Valsartan-containing drugs contain the active pharmaceutical ingredient (API) valsartan. Valsartan [(25)-
3-Methyl-2-(N-{[2’-(1H-tetrazol-5-yl)biphenyl-4-ylJmethyl}pentanamido)butanoic acid], an angiotensin II
receptor antagonist, is mainly used for the treatment of hypertension and congestive heart failure. On 6 July
2018, the Ministry of Health, Labour and Welfare (MHLW) in Japan released that N-nitrosodimethylamine
(NDMA) was detected as an impurity in valsartan-containing drugs whose API was supplied by Zhejiang Huahai
Pharmaceutical in China. Simultaneously, ASKA Pharmaceutical Co., Ltd. in Japan announced a voluntary prod-
uct recall of valsartan-containing drugs, because they found that there could be a risk of contamination of NDMA
in the API purchased from Zhejiang Huahai Pharmaceutical'. In addition, the MHLW recently notified that
NDMA impurity in valsartan drug substances should not exceed 0.599 ppm’.

NDMA is classified as a probable human carcinogen based on results from laboratory animal tests’
and is listed under WHO/IARC group 2A and EPA group B2°*. NDMA contamination was thought to be
caused by the following changes in the production process of valsartan API*'": NDMA was generated dur-
ing the tetrazole-formation step owing to the presence of dimethylamine as an impurity or a degradant in
N,N-dimethylformamide (DMF) solvent and the presence of nitrous acid generated from sodium nitrite under
acidic conditions (Fig. 1).
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Figure 1. Prospective mechanism of NDMA production during the manufacturing process of valsartan (DMF:
N,N-Dimethylformamide; DMA: Dimethylamine; NDMA: N-Nitrosodimethylamine).

As of September 2018, valsartan-containing products whose APIs were supplied from Zhejiang Huahai
Pharmaceutical Co., Ltd., Zhejiang Tianyu Pharmaceutical Co., Ltd., Hetero Labs Ltd., and Zhuhai Rundu
Pharmaceutical Co., Ltd. have been recalled in more than 20 countries, including the EU and USA''~'°. Regulatory
bodies, European Medicines Agency (EMA), U.S. Food and Drug Administration (FDA), and the MHLW, coop-
eratively worked to handle the situation and take necessary measures to mitigate patient risk while estimating the
risk of cancer due to NDMA-contaminated valsartan products'”'*, Government laboratories, including National
Institute of Health Sciences in Japan, parallelly prepared methods to analyze NDMA in valsartan APIs and prod-
ucts in each market.

The API valsartan is listed in the Japanese Pharmacopoeia (JP)'? with methods for testing identity, purity,
and assay; it is also listed in the US and European Pharmacopoeias”®’. A purity test mainly focusses on expected
impurities from synthesis and/or degradation. The purity test for valsartan focusses on heavy metals and related
substances; however, these pharmacopoeias have never mentioned the need for testing NDMA as an impurity.

NDMA is mainly generated in foods and drinks after processing at an elevated temperature” >, It is also
detected as a disinfection by-product in ground and drinking water?~*’. As the toxicity of NDMA is manifested
even at pg/kg levels*”’, sensitive and specific methods were developed for the determination of NDMA at trace
level. Gas chromatography-mass spectrometry (GC-MS) is the most frequently employed technique for NDMA
analyses’~*. In addition, several methods using liquid chromatography-mass spectrometry (LC-MS) or LC-MS/
MS have been reported in scientific literature =, However, only few studies have reported NDMA analysis using
conventional high-performance liquid chromatography (HPLC)™, especially in drugs. HPLC is the most popular
technique for quality control of APIs and products in routine analysis, and it is preferable if NDMA impurity is
simultaneously detected with drug substances by a single HPLC analysis. Thus, it is important to develop a fast
and simple analytical method for NDMA in drugs by using HPLC.

In view of these situations, we tried to develop an HPLC method for the simultaneous detection of NDMA
and valsartan. We analyzed valsartan drug substances and its products, including recalled samples, and confirmed
the accuracy and precision of the method. This study provides a simple and accurate method for the quantifica-
tion of NDMA impurity in valsartan products.

Results and Discussion

HPLC method development. To establish a practical method for the simultaneous detection of NDMA
and valsartan, we first assayed each standard solution according to the HPLC condition for the quantitative assay
for valsartan API and its tablet formulation defined in the JP'°. When each standard solution of valsartan and
NDMA was assayed following the modified JP method using isocratic mobile conditions, it was difficult to iden-
tify the peak of NDMA as it eluted during the void time (2.5 min) even with a flow rate of 0.80 mL/min, whereas
the peak of valsartan was clearly detected at around 11 min (data not shown). Then, we developed a gradient elu-
tion program using a water-acetonitrile mobile phase containing 0.1% formic acid to detect NDMA and valsartan
simultaneously within 30 min. Under this condition, peaks of NDMA and valsartan were successfully detected at
7.8 and 16.3 min, respectively (Fig. 2). Moreover, we confirmed the simultaneous detection of cilnidipine, another
APl in valsartan combination products, at 17.1 min under the same condition.

To assess the linearity of the developed method, we prepared a calibration plot using 10 concentration points
of NDMA in the range of 0.0111-7.4pg/mL (0.15-100 pM) and constructed the calibration curve for quantifica-
tion. The correlation coeflicient (R?) of the calibration curve was over 0.999. The limits of detection (LODs) and
quantification (LOQs) were 0.00851g/mL (at a S/N ratio of 3) and 0.0285pg/mL (at a S/N ratio of 10), respec-
tively. The standardized limits of NDMA impurity in valsartan drug substances, which was set as 0.559 ppm by
the MHLW?, was equivalent to 0.02995 pg/mL when 0.1 g of sample was extracted with 2 mL methanol. This
concentration was almost equal to the LOQ. Recently, we reported a GC-MS method for the detection of NDMA
in valsartan drug substance and products with much lower LOD (0.001 pg/mL of NDMA corresponded to a S/N
of 3)”. However, this method needed the isotopic internal standard (NDMA-d,) and multiple extraction steps as
required for other MS-based methods. Generally, an HPLC method is low-cost and more suitable to routine anal-
yses. Thus, the developed method would be useful for the rapid screening of NDMA contamination in valsartan
drug substances with sufficient sensitivity.

Quantification of NDMA impurity in the recalled valsartan samples. Following the confirma-
tion of linearity, we evaluated NDMA contents in the recalled valsartan samples using the developed HPLC
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Figure 3. HPLC chromatograms of a sample solution of valsartan drug substances produced by Zhejiang
Huahai Pharmaceutical Co., Ltd.

Concentration | NDMA Reported
Product ] of NDMA contents NDMA
name ‘Manufacturer | Sample (ng/g) (ug/tab) | Avg.£=SD | value*
514 -
Substance | 52.1 — 54.7£0.56 | 58 (ug/g)
VALSARTAN | ASKA 511 —
TABLET Pharmaceutical
80mg [AA] | Co., Ltd. 157 3.91
Tablets 16.4 4.10 425+0.10 | 4.2 (ug/tab)
159 3.99

Table 1. Comparison of NDMA contents observed by analysis of valsartan API and its tablets supplied by
Zhejiang Huahai Pharmaceutical with previously reported values. *Previously determined values by GC-MS'.

method. VALSARTAN TABLETS 80 mg [AA] and its substances were provided by ASKA Pharmaceutical Co.,
Ltd. through the MHLW. NDMA contents were estimated to be 36-74 ppm in the drug substances and 3.1-5.3 pg
per tablet, respectively, based on GC-MS analysis according to the press release'’. When a sample solution of drug
substance (50 mg/mL in methanol) was analyzed using the developed method, the peak at 7.8 min was identified
by comparing its retention time and UV spectrum with those of the NDMA reference standard (Fig. 3). NDMA
content was calculated to be 54.7 ng/g, which was in agreement with the published value'. A sample solution of
the commercial product (150 mg/mL in methanol) provided a similar chromatogram, and its NDMA content was
determined to be 17.0 pg/g. The corresponding NDMA content was estimated to be 4.25 ug per tablet (250 mg),
which was in agreement with the published data (Table 1)".

Recovery test. Successively, a recovery test was carried out by analyzing spiked samples in the same way.
Forty microliters of 10mM NDMA (29.6 ug) was added to powdered VALSARTAN TABLETS [AA] (300 mg),
and the spiked sample solution fortified at 98.67 pg/g was prepared. Five replicates of the spiked samples and
triplicates of blanks (samples not spiked) were analyzed, and the recovery rate was determined to be 96.5% with
0.67% relative standard deviation (RSD). These results indicate that the developed method has sufficient linearity,
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Concentration of
Product name Manufacturer Sample NDMA (ng/g)
VALSARTAN TABLETS 80mg [SAWAI] | SAWAI Pharmaceutical Co., Ltd. Substance ?’;’(‘) ‘1167‘)‘*"8‘1
VALSARTAN TABLET 80mg [OHARA] | OHARA Pharmaceutical Co., Ltd. Substance (‘\L"g ‘};t)e‘ted
Substance ?LOS c};t)ected
VALSARTAN TABLETS 80mg [SANOFI] | Nihon Pharmaceutical Industry Co., Ltd. -
Tablets Not detected
(<0.06)
Substance ?LO(; c]le;)ected
ATEDIO® Combination Tab. FA Pharma Co., Ltd. .
Tablets Not detected
(<0.06)

Table 2. Concentration of NDMA impurity in valsartan API and commercial products supplied by Zhejiang
Tianyu Pharmaceutical.

accuracy, and precision for the quantification of NDMA impurity in contaminated valsartan final products as well
as its drug substances.

HPLC assay on APIs and commercial valsartan products.  Finally, we investigated NDMA content in
APIs and commercially available valsartan-containing products in the same way. Four valsartan APIs and two
tablets, including an original drug ATEDIO® Combination Tab. (containing 80 mg valsartan and 10 mg cilnidip-
ine), were supplied by Zhejiang Tianyu Pharmaceutical Co. Ltd. When their sample solutions (50 mg/mL and
150 mg/mL in methanol for API and tablets, respectively) were analyzed, no peak was detected for NDMA in the
APIs of VALSARTAN TABLET 80 mg [SAWAI] and VALSARTAN TABLET 80 mg [OHARA]. Any peaks other
than those for valsartan and cilnidipine were not detected in the API and tablets of ATEDIO® Combination Tab.
Although a small peak was observed at around 8 min on the HPLC chromatogram of VALSARTAN TABLET
80 mg [SANOFI], it had a retention time different from that of NDMA and was not detected in the API. Thus,
NDMA contents in all the samples were indicated to be below the LOD (<0.17 ug/g for substances and <0.06 pg/g
for tablets) and below the acceptance limit for NDMA (0.599 ppm) (Table 2). The EMA reported that NDMA
concentrations in valsartan API from Zhejiang Tianyu Pharmaceutical Co., Ltd. were considerably lower than
those from Zhejiang Huahai Pharmaceutical'?, and only one batch of valsartan-containing drugs distributed in
Germany was recalled'”. NDMA was not detectable in the tested samples probably because the manufacturing
process of valsartan APIs for Japanese companies could be different from that for other foreign companies. Hence,
we successfully developed a practical method for the rapid screening and quantification of NDMA impurity in
valsartan-containing products.

Conclusion

A rapid and efficient HPLC method was developed for the quantitative detection of NDMA simultaneously eluted
with valsartan. The method was found to have sufficient linearity, accuracy, and precision, and can be applied
for the rapid screening and quantification of NDMA impurity in valsartan APIs and commercial products. This
HPLC method would be useful for the quality control of APIs and products in routine analysis.

Methods
Reagents and materials. The commercial reagents of valsartan, cilnidipine, and NDMA with high purity
(>98.0%, >98.0% and >99%, respectively) were purchased from Tokyo Chemical Industry Co., Ltd (Tokyo,
Japan). APIs and its tablet formulations were provided by each company through the MHLW (Table 3).

Other reagents were of analytical grade.

Sample preparation. NDMA (14.8 uL, Mw: 74.08, density: 1.005) was transferred into a 2-mL volumetric
flask, dissolved to volume with methanol (NDMA = 7.4 mg/mL, corresponding to 100 mM), and diluted 100-fold
to obtain the stock solution at 1 mM. The standard solution of NDMA was prepared by 10-fold dilution of the
stock solution for HPLC analysis (100 pM). Valsartan (8.7 mg, Mw: 435.53) and cilnidipine (9.9 mg, Mw: 492.53)
reagents were accurately weighed, individually transferred into a 2-mL volumetric flask, and dissolved to volume
with methanol to obtain the stock solutions at 10 mM. Each stock solution was diluted 100-fold to a final con-
centration of 100 uM as standard solutions and filtered through a 0.45-pum Ultrafree-MC centrifugal filter unit
(Millipore, Billerica, MA) before HPLC analysis.

The drug substance (100 mg) or powdered tablet (300 mg) was dissolved with 2mL methanol and centri-
fuged at 5,000 rpm for 5 min. The supernatant was filtered through a 0.45-pm Ultrafree-MC centrifugal filter unit.
Triplicate test samples for each commercial product were prepared from every press-through sheet.

As NDMA is a carcinogenic substance, its handling was carried out in accordance with Safety Data Sheet, and
the preparation of samples containing NDMA was performed in a fume hood.

HPLC analysis. HPLC method development and analyses were performed on a Shimadzu UFLC system
comprising a binary gradient pump (LC-20AD), an autosampler (SIL-20AC), a column oven (CTO-20A), and
a photodiode array detector (SPD-M20A) (Shimadzu, Tokyo, Japan). The first trial was carried out according to
a modification of the method cited in the monographs of valsartan and its tablet in JP'°. Briefly, 10 .L NDMA
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X Tested
Product name Manufacturer ] sample | Supplier =
Substance " 1
VALSARTAN TABLET 80mg [AA] ASKA Pharmaceutical Co,, Ltd, Zhejiang Huahai
Tablets Pharmaceutical Co., Ltd.
VALSARTAN TABLETS 80 mg [SAWAI] SAWAI Pharmaceutical Co., Lid. Substance
VALSARTAN TABLET 80mg [OHARA] | OHARA Pharmaceutical Co., Ltd. Substance
Substance ™ i
VALSARTAN TABLETS 80mg [SANOFI] | Nihon Pharmaceutical Industry Co., Ltd. Zhejang Tianyu
Tablets Pharmaceutical Co., Ltd.
T ; o Substance
ATEDIO™ Combination Tab. EA Pharma Co., Ltd.

Tablets ‘

Table 3. Valsartan APIs and its products analyzed in this study.

standard solution was assayed by isocratic elution with a mixture of water, acetonitrile, and acetic acid (100) (500:
500: 1) on an HPLC system equipped with Unison UK-C18 column (250 x 4.6 mm, 3 um, Imtakt, Kyoto, Japan)
at a flow rate 0.8 mL/min and detected at 235 nm. Although the wavelength of maximum absorption of NDMA
standard solution was 228 nm, we set the detection wavelength at 235nm to achieve detection at lower noise and
better baseline stability. In the finalized condition, HPLC analysis was carried out on Inertsil ODS-3 column
(150 x 4.6 mm, 5 um, GL Science, Tokyo, Japan) at 30 °C with a mobile phase comprising water containing 0.1%
formic acid (A) and acetonitrile containing 0.1% formic acid (B) and detected at 235nm. The gradient elution
started at 0% B in 10 min and increased linearly to 100% in 5 min at a flow rate of 1.0 mL/min. A 10-pL aliquot
of each sample was injected three times, and the reproducibility of the result was confirmed. Each peak obtained
from the test samples was identified by comparing its retention time and UV spectrum with those of the refer-
ence standard for valsartan, cilnidipine, and NDMA. Peak areas were determined by the automatic integration
method. The standard solution of NDMA was diluted for preparing calibration solutions at 0.15, 0.2, 0.3, 0.4, 0.5,
1, 5, 10, 50, 100 wM with methanol. The calibration solutions were analyzed to plot a calibration curve, and its
slope, intercept, and coeflicient of determination were calculated.

Recovery test. Forty microliters of 10mM NDMA standard solution (740 pg/mL in methanol) was spiked
to 300 mg of powdered VALSARTAN TABLETS [AA] and allowed to stand for 10 min. 'The spiked sample was
dissolved with 1960 pL methanol and centrifuged at 5,000 rpm for 5min. The supernatant was filtered through
a 0.45-pm Ultrafree-MC centrifugal filter unit. The spiked sample was fortified to 98.67 pg/g with NDMA. Five
replicates of spiked samples and three blanks (samples not spiked) were prepared and analyzed to determine the
percentage of recovery.

Data Availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
authors on reasonable request.
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Ebenamariosides A-D: Triterpene Glucosides and Megastigmanes from
the Leaves of Diospyros maritima
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The 1-BuOH-soluble fraction of the methanol (MeOH) extract of Diospyros maritima was separated by
chromatographic techniques to give three new oleanane-type and one new ursane-type triterpene glucoside,
named ebenamariosides A-D (1-4); two megastigmanes were also isolated. The structures of triterpene glu-
cosides was elucidated with extensive investigation by one and two dimensional NMR spectroscopy and the
structures were confirmed by partial enzymatic hydrolyses to give the corresponding mono-glucosides and
aglycones. The structures of the megastigmanes, including their absolute stereochemistries, were elucidated
by spectroscopic evidence and by the modified Mosher’s method. Two megastigmanes were chemically cor-
related and their absolute structures were unambiguously determined. The cytotoxicity of the triterpene glu-
cosides and their degradation products were assayed. They did not show any significant activity.

Key words Diospyros maritima; Ebenaceae; ebanamarioside; triterpene glucoside; megastigmane

Introduction

Diospyros maritima Blume (Ebenaceae) is a tall evergreen
tree with a height of about 10m, distributed in Okinawa,
Taiwan, Malaysia, Micronesia and Australia.” In summer, it
bears green sap fruits of 2 to 3cm in diameter, which then
turn to a dark orange colour in autumn. It is known that the
fruits contain a toxic naphthoquinone derivative, plumbagin,
and their constituents have been extensively investigated
by Higa et al.>® Recently, from the leaves and branches of
a related Thai medicinal plant, D. mollis, the isolation of
naphthoquinone glycosides was reported.” In our continu-

ing work on Okinawan resource plants, the constituents of R, R, Ry 4 gicm g,’c“..,
the leaves of D. maritima were investigated to give eight 1 H g:c(f) ﬁlc(f') HO 5 :: ﬁlc glc
ent-kaurane-type diterpenoid glycosides, called diosmari- }f,ﬂ i “ 4c H H

. _H 6 . H H _ 1c H H H
o_sxdes A-H. Furt!1er extensive -work resulted in the‘ 1s-ola 20 H Gle(®'1")Glc
tion of four new triterpene saponins, named ebenamariosides 3 OH Gle(1) Gle(1")

¢ . 3a0H Gle H

A-D (1-4) and two megastigmanes (5, 6), along with two 3b OH H Gle

known flavonol glycosides, kaempferol 3-0-§-p-(2",6"-di- 3 OH H H

O-a-L-thamonopyranosyl)glucopyranoside (7)” and 3-0-$-p-
(2",6"-di-a-L-rhamonopyranosyl)galactopyranoside (8)® (Fig.
1). The cytotoxicity of the triterpenoids was assayed using the
human lung adenocarcinoma cell line A549 and the parasitic
protozoan Leishmania major.

Results and Discussion
The leaves of D. maritima extracted with MeOH and the 5(=6c) g-OH,H S-OH,H
MeOH extracts were separated by solvent partition accord- o bt £-ou.H

ing to the polarity of the constituents. The relatively polar 6d  oOH.H g-onju
1-BuOH-soluble fraction was separated by various kinds of
chromatography to afford four new triterpene saponins (1-4)
and two new megastigmanes (5, 6), together with two known
flavonol glycosides (7, 8). The structures of new triterpene

HO

R
7 Gle(2"«1")Rha
(6"—1"")Rha
8 Gal(2"«1")Rha
(6"<1"")Rha OH °

derivatives were elucidated using one- and two-dimensional Fig. 1. Compounds Isolated and Related Ones
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spectroscopies. The structures of megastigmanes were eluci-
dated by NMR and circular dichroism (CD) spectroscopies,
and as well as by the modified Mosher method. The biological
activity of four new triterpene saponins and their derivatives
was assayed against the human lung adenocarcinoma cell line
A549 and the parasitic protozoan Leishmania major.

Ebenamarioside A (1), [¢]3> +15.1, was isolated as a
colorless amorphous powder and its molecular formula
was determined to be C,,HO,, by observation of a quasi-
molecular ion peak ([M+Na]") in the high-resolution (HR)
electrospray-ionisation (ESI) mass spectrometry. The IR
spectrum showed strong absorption bands assignable to hy-
droxy (3439cm™) and ester carbonyl (1745cm™) functional
groups. In the 'H-NMR spectrum, signals assignable to six
singlet methyls, oxymethylene protons (d,; 3.40 and 3.91),
oxymethine proton (dy 3.45), olefinic proton (dy 5.43) and
two anomeric protons [dy 6.35 (d, J=8.3Hz) and 4.85 (d,
J=7.8Hz)] were observed (Table 1). Since HPLC analysis of
the hydrolysate of 1 revealed the presence of p-glucose as a
sole sugar component, two p-glucose molecules were expected
to be present in 1. In the ®*C-NMR spectrum, other than 12
signals assignable to those of glucopyranose units, 30 signals
observed comprised of six methyls, eleven methylenes includ-
ing one oxymethylene, four methines with an oxygenated one,
six quaternary carbons, one trisubstituted double bond and a
carboxyl functional group. From the above evidence and the
degrees of unsaturation (A=7), ebenamarioside A (1) was
assumed to be an oleanolic acid derivative with a primary
hydroxy group. In the heteronuclear multiple bond connectiv-
ity (HMBC) spectrum, geminal oxymethylene protons showed
correlation with a methyl carbon (C-30, d. 19.7), methylene
carbons, C-19 (6. 41.1) and 21 (6. 29.2) as well as a quater-
nary carbon at J. 35.5 (Fig. 2). The significant correlation
in the phase sensitive-nulear Overhauser effect spectroscopy
(PS-NOESY) spectrum between H-18 (d; 3.27) and H;-30 (6
1.10) on C-30 enabled us to place the oxymethylene carbon at
the C-29 position (Fig. 2). Similarly, the oxymethine proton
was placed at the 3-position from diagnostic HMBC between
H-3 and C-4, C-23 and C-24 (Fig. 2). From the axial (10.2Hz)
and equatorial (4.6 Hz) coupling constants of H-3, the hydroxy
group at the 3-position was in a § equatorial orientation. The
positions of the sugar linkages were established to be on the
carboxyl group at the C-28 and the hydroxy group at C-29
from HMBC correlations H-1" (6 6.35) on d. 95.8 and C-28
(0c 176.4), and H-1" (6 4.85) on J. 105.5 and C-29 (4. 81.4),
respectively. The mode of linkage was assigned to be § from
the coupling constants of the anomeric protons. Therefore, the
structure of ebenamarioside A (1) was elucidated to be 34,29-
dihydroxyolean-12-en-28-0ic acid 28-O-f-p-glucopyranosyl
ester 29-0O-f-p-glucopyranoside, as shown in Fig. 1. Partial
enzymatic hydrolysis of 1 using crude f-glucosidase liberated
two monoglucosidic compounds (1a and 1b) and an aglycone
(1¢). The structure of compound 1a was elucidated to be me-
sembryanthenoidigenic acid 28-0-f-p-glucopyranosyl ester,
isolated from Salicornia europaea,” whereas that of 1b me-
sembryanthenoidigenic acid 29-O-f-p-glucopyranoide, whose
isolation have not yet been reported. The aglycone (le) was
spectroscopically identified with mesembryanthenoidigenic
acid, isolated from a South American cactus, Rhipsalis me-
sembryanthemoides.*'"

Ebenamarioside B (2), [a]3’ 5.6, was isolated as a color-
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less amorphous powder and its elemental composition was the
same as that of 1. NMR spectra were similar to those of 1.
Two anomeric protons and carbons (6, 4.79 on J. 105.5 and
Sy 5.16 on . 105.9) were also observed in the 'H-, *C- and
heteronuclear single quantum correlation NMR spectra and p-
glucose was a sole sugar unit. The distinct difference between
1 and 2 in the NMR signal was the carboxy carbons (C-28),
such as J. 176.4 in 1 was shifted down to J. 180.2 in 2 and
the anomeric carbon signal from an ester linkage (3. 95.8)
appeared in 1 was not observed in 2. While, in the HMBC
spectrum, one of the anomeric proton at dy 5.16 was corre-
lated with C-6" (dc 70.2) and then the other anomeric proton
at oy 4.79 with C-29 (. 81.4). Thus, the structure of 2 was
34,20-dihydroxyolean-12-¢n-28-oic acid 29-0-§-p-(6'-O-F-p-
glucopyranosyl)glucopyranoside, namely mesembryanthenoi-
digenic acid 29-O-f-gentiobioside, as shown in Fig. 1.

Ebenamarioside C (3), [¢]3’ +14.0, was isolated as a color-
less amorphous powder and its elemental composition wad
determined to be C,,H0,5, with one more oxygen atom than
those of 1 and 2. NMR spectroscopic data for the C, D and
E-rings were essentially the same as those of 1 and 2. In the
'H-NMR spectrum, two oxymethine protons (6 3.39 on &
83.8 and d,; 4.10 on J. 68.6) as well as oxymethylene protons
0y 3.39 and 3.89) were observed (Table 1). The position of
the oxymethine protons were placed at the vicinal positions
from the 'H-'H correlation spectroscopy correlation (COSY)
(Fig. 3) and from the evidence of HMBC correlations, namely,
H,-23 (64 1.25) and 24 (6, 1.08) and C-3 (. 83.8) (Fig. 3).
From the PS-NOESY correlations between H-2 (d,; 4.10) and
H,-25 (axial) (0 1.02), H-3 (d4 3.39) and H,-23 (axial), and
H,-23 and H-5 (axial) (dy 1.00) (Fig. 3), the hydroxy groups
at the 2- and 3-positions were placed in equatorial positions,
which were further confirmed by the large coupling constant
of the vicinal protons (J=9.2Hz). Two oxymethines were
found to be coupled each other from the 'H-'H-COSY spec-
troscopic evidence. The positions of the oxymethylene protons
and sugar linkages were assigned by the similar manner used
for ebenamarioside A (1). Therefore, the structure of 3 was
elucidated to be 2a,3f,29-trihydroxyolean-12-en-28-oic acid
28-0-p-p-glucopyranosyl ester 29-0-f-p-glucopyranoside, as
shown in Fig. 1. On enzymatic hydrolysis of 3 using crude
naringinase, 28-0-f-p-glucopyranosyl ester (3a) was obtained.
Glucoside 3a is a known compound, isolated from the stem
bark of Terminalia superba (=3a’)'?; however, its *C-NMR
data for MeOH-d, were slightly different from those of 3 to
confirm the structure (Table 2). *C-NMR data of 3a for pyri-
dine-ds and dimethyl sulfoxide (DMSO)-d, were also slightly
different from those of 3a’ (Table 2). Furthermore, the optical
rotation value reported for 3a’ was [a], —18.1 (¢ 0.1, MeOH)
which showed an opposite sign to that of 3a. In our report,
the structure of 3a was carefully elucidated with a highly de-
tailed survey of the one- and two-dimensional NMR spectra.
On the other hand, enzymatic hydrolysis of 3 using crude
S-glucosidase gave 2a,34,29-trihydroxyolean-12-en-28-oic acid
29-0-f-p-glucopyranoside (3b) and an aglycone (3¢). Glu-
coside 3b has not been isolated as a natural product and the
aglycone (3¢) was a known one, isolated from the pericarps of
Akebia trifoliata.®

Ebenamarioside D (4), [a]2® —5.6, was isolated as a color-
less amorphous powder and its elemental composition was
determined to be C,,H,0,s, which was the same as that of
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Table 1. 'H-NMR Spectroscopic Data for Ebenamariosides A~D (1-4) (600 MHz, Pyridine-ds)
H 1 2 3 4
1 0.99 ddd 12.7, 12.7, 4.1 1.04m 1.28m 1.25m
1.55m 1.57m 224 dd 11.9,4.2 2.24dd 12.3,4.0
2 1.852H m 1.85m 4.10ddd 11.9,92,42 4.10 ddd 12.3, 9.3, 4.0
3 345dd 10.2, 4.6 3.47dd 10.2, 5.7 339d92 338d93
5 0.85brd 11.8 0.86 brd 12.0 1.00m 0.99m
6 1.37m 1.37m 1.40m 1.38m
1.55m 1.57m 1.54m 1.52m
7 1.37m 1.32m 1.38m 1.38m
149 ddd 12.8, 12.8, 34 1.50m 1.49m 1.54m
9 1.64dd 11.1, 6.7 1.66 dd 8.9, 8.9 1.74 dd 102, 7.3 1.70m
11 1.952H m 1.95m 1.95m 2.022Hm
2.17m 2.09 brdd 13.4, 10.2
12 543dd 3535 5.48 brs 5.39 brs 5.42 brs
15 1.15m 1.19m 1.15m 1.12m
2.37ddd 13.7, 13.7, 3.6 2.17m 2.35ddd 13.4,13.4. 3.5 243 ddd 135, 13.5, 47
16 1.95m 1.98 2Hm 1.98 2Hm 1.93m
2.10ddd 13.7, 13.7, 3.6 2.03m
18 327dd 13.8,42 3.36dd 13.7,3.8 3.25dd 13.6, 3.6 2.54d113
19 1.43 dd 13.6, 4.2 1.50m 1.41m 1.70m
2.01 dd 13.8, 13.6 2.09m 2.00m —
20 — — — 1.26m
21 1.35m 1.43m 1.33m 1.56m
1.67 ddd 13.7, 13.7, 4.1 1.79m 1.65 ddd 13.9, 13.9, 3.6 1.93m
22 1.82m 1.85m 1.79 brd 13.4 1.73m
1.87m 2.06m 1.87 ddd 13.9, 13.9, 3.6 1.96m
23 1.233H s 1253Hs 1253Hs 1253Hs
24 1.04 3H s 1.04 3H s 1.08 3H s 1.07 3H s
25 093 3H s 0.90 3H s 1.023H s 1.023H s
26 1.14 3H, s 1.033H s 1.123H s 1.153H s
27 121 3Hs 1273H s 1.193H s 1.123H s
29 340d92 341d92 339d90 093 3Hd6.3
391d92 4.04d92 3.89d9.0
30 1.103H s 1223Hs 1.093H s 3.84dd 94, 3.1
4.00m
I 6.35d83 479d77 632d82 6.25d82
2! 422 dd 838, 8.3 4.02 dd 8.6, 7.7 420dd 838,82 4.19dd 86,82
3’ 4.38dd 9.0, 8.8 421dd 8.9, 86 428 dd 8.9, 8.8 427m
4 425dd92,9.0 4.16dd 9.2, 8.9 436dd 9.1, 8.9 434dd 93,91
5 3.99 ddd 9.2,4.6,2.3 421m 4.03m 4.00m
6’ 443 dd 12.0, 4.6 437dd 114,58 442dd 11.0, 5.4 438 dd 12.0,4.3
448 dd 12.0,2.3 4.88 brd 11.4 446 brd 11.0 4.44 dd 12.0, 2.1
1”7 485d78 5.16d 7.9 483d7.7 485d177
2" 407dd 82,78 4.07m 4.05m 4.04 dd 82.7.7
3" 430dd 86,82 425m 424m 427m
4" 442 dd 89,86 426m 4.24m 423dd9.1,89
5" 4.05ddd 89,54,23 3.95m 3.98m 3.99m
6" 443dd 118,54 439dd 119,52 441dd 114,55 441dd 12.1, 5.7
459 dd 118,23 453 brd 11.9 458 brd 11.4 458dd 12.1,22

3. The 'H-NMR spectrum showed resonances for five singlet
methyls and one doublet methyl, two oxygenated methines,
two anomeric protons and one olefinic proton along with two
oxymethylene protons coupled in a geminal system, but also
coupled with one more proton [d, 3.84 (dd, /=94, 3.1Hz)
and 4.00 (m)]. Although six quaternary carbons were observed
in the »C-NMR spectra of aforementioned oleanane-type
aglycones, only five quaternary ones were present in the
molecule, and two more methine (C-19 and -20) and one less
methylene carbons were observed in 4, when the functional-
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ity was compared with that of 3. ®C-NMR chemical shifts
of the A and B rings were essentially the same as those of
3 and the presence of a double bond between C-12 and C-13
was also similar to aforementioned triterpene aglycones.
The proton spin-spin coupling sequences from the doublet
methyl signal (d;; 0.93) to oxymethylene protons via two me-
thine signals (Jy 1.70 and 1.26) were observed in the 'H-'H
COSY spectrum (Fig. 4). The HMBC correlations between
the doublet methy] proton and C-18 (0. 53.3), C-19 (6. 34.4)
and C-20 (. 44.6), and the oxymethylene protons and C-19,
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H

Fig. 2. Two Dimensional NMR Correlations of Ebenamarioside A (1)

C-20 and C-21 (8 25.6) established the scaffold of the ring E
to possess the ursane-type carbon frame work (Fig. 4). This
was also supported by the significant PS-NOESY correla-
tions H-18 (6, 2.54) and H;-29 (d, 0.93), and H-18 and H-20
(0y 1.26). The sugar linkages were assigned by the similar
manner used for ebenamariosides A and C (1, 3). Therefore,
the structure of ebenamarioside D (4) was elucidated to
be 2a,38,30-trihydroxyursan-12-en-28-oic acid 28-0-f-p-
glucopyranosyl ester 30-O-f-p-glucopyranoside, as shown in
Fig. 1. Enzymatic hydrolysis using crude S-glucosidase gave
a mixture of monoglucosidic compounds (4a and 4b) and
2a,34,30-trihydroxyurs-12-en-28-oic acid as an aglycone (4c),
which is known as a microbial transformation product from
corosolic acid by Streptomyces asparaginoviolaceus.'® The
mixture of monoglucosidic compounds was separated by silica
gel CC and HPLC to give 2a,3f,30-trihydroxyurs-12-en-28-oic
acid 28-0-f-p-glucopyranosyl ester (4a) and 2a,38,30-
trihydroxyurs-12-en-28-0ic  acid 30-O-f-p-glucopyranoside
(4b). These two monoglucosidic compounds were first de-
scribed in this experiment.

Compound 5, [a]3® +10.2, was isolated as a colorless powder
and its elemental composition was determined to be C;H,,0,.
In the "H-NMR spectrum, two singlet (55 0.88 and 1.12) and
one doublet (0 1.28, J= 6.4Hz) methyls, two olefinic protons
[0 6.03 (dd, J=15.5, 4.5Hz) and 6.06 (d, J=15.5 Hz)] coupled
in a trans geometry, two sets of methylene protons (dy 1.64
and 1.80, and 1.75 and 2.00), two oxygenated methylene pro-
tons (Jy 3.68 and 3.77) and two oxygenated methine (Jy4 4.09
and 4.35) protons were found (Table 3). The *C-NMR spec-
trum displayed 13 signals including three methyls, three meth-
ylenes, two methines with oxygen atoms, two olefinic carbons,
two oxygenated tertiary and one quaternary carbon (Table 3).
The number of carbons and degrees of unsaturation suggested
that compound 5 was a megastigmane with a bicyclic scaffold.
Two 'H-'H COSY correlations [-C(2)H,-C(3)HOH-C(4)H,—~
and —-C(7)H = C(8)H-C(9HOH-C(10)H;] and HMBC cor-
relations between H,-11 (6,4 3.68 and 3.77) and C-5 (6. 87.5)
and other diagnostic correlations shown in Fig. 5a suggested
5 was 5,11-eopxy-3,6,9-trihydroxymegastigman-7-ene. The
relative stereochemistry was established by the PS-NOESY
spectrum. Correlations between H-7 (dy 6.06) and H-2ax (dy
1.64), H-4ax (6 1.75), H;-12 (6 0.88) and H,-13 (6 1.12) sug-
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Fig. 3. Two Dimensional NMR Correlations of Ebenamarioside C (3)

gested these substituents were in the same face and those be-
tween H-11b (4 3.68) and H-2eq (6;; 1.80), H-3 (6 4.09) and
H-4eq (64 2.00) these were in the same face and the opposite
face to the side chain (Fig. 5b). A related compound (9) which
showed superimposable NMR spectra with those of 5 was
isolated from Asclepias fruticosa and the absolute structure of
9 was determined by the modified Mosher’s method' to have
1R,3S,5R,6S,9R configurations.!® Compound 5 was also sub-
jected to the modified Mosher method and, as a result, 5 was
found to have 1R,3S,5R,6S5,9S configurations (Fig. 6). There-
fore, § has the opposite configuration at the 9-position to that
of 9 and thus it was found to be a new compound in nature.
Compound 6, [¢]2’ —0.74, was isolated as a colorless syrup
and its elemental composition was determined to be C;;H,,0,
which was two hydrogen fewer than that of 5. “C-NMR
spectrum also displayed 13 signals including three methyls,
three methylenes, one oxygenated methine, two oxygen-
ated tertiary carbons, one quaternary carbon, one Kketone,
instead of oxygenated methine and one disubstituted double
bond, whose NMR chemical shifts for CDCl, were almost
superimposable to those of drummondol [6a, [o]Z® —21.0
(MeOH)] isolated from Sesbania drummondii by Powell and
Smith, Jr.,'” whose geometry at the 9-position and the abso-
lute configuration of bicyclo[3,2,1]Joctane region remains to
be determined. Meanwhile, Calis et al. isolated drummondol
9-0-f-p-glucopyranoside from Capparis spinosa and the
absolute configuration of the aglycone (6b) of the 9-position
was determined to be 95 by the modified Mosher method.!%!®
That of the ring region was discussed using the Cotton effects
in the CD spectrum of 6b, compared with those of (+)-(5)-
abscisic acid metabolites. Compound 6 showed similar Cotton
effects [Az (nm): +0.64 (241), —0.30 (296)] to those of 6b'®
and hence the absolute stereochemistries of 6 and 6b were ex-
pected to be the same at the 6-position. NaBH, reduction of 6
gave two products (6¢ and 6d). Hydride was introduced from
the less hindered 3si face to form the major compound 6d and
the minor compound 6¢ was obtained by the reduction of 6
from the 3re face. The 'H-NMR signal of the H-3 proton of 6d
was appeared as a doublet of a doublet, J= 5.7, 5.7Hz, indicat-
ing that the a-hydroxy group formed at the 3-position was in
the pseudo axial orientation due to steric hindrance toward the
epoxide ring.'**® Meanwhile, the NMR spectroscopic data of
the minor one (6¢) were identical with those of 5 and similarly
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Table 2. "C-NMR Spectroscopic Data for Ebenamariosides A~D (1-4) and Their Derivatives (150 MHz, Pyridine-d;)

C 1 1b 2 3 3a 3a” 3a’? 3a° 3b 4 4a 4b

1 39.0 39.0 39.0 47.8 479 482 470 46.8 47.8 48.1 48.1 48.0

2 28.1 28.1 28.1 68.6 68.6 69.5 66.8 67.0 68.6 68.6 68.6 68.6

3 78.1 78.1 78.5 83.8 83.8 84.5 81.9 82.1 83.8 83.8 83.8 83.8

4 394 394 394 40.0 40.0 40.4 39.1 389 399 39.8 39.8 399

5 55.8 55.8 55.8 559 55.9 56.7 55.1 54.7 559 559 559 559

6 18.8 18.8 18.8 18.8 18.9 19.6 182 17.9 18.9 18.8 18.9 18.8

7 332 333 333 33.1 33.1 324 322 32.1 332 335 335 335

8 40.0 39.8 39.8 39.8 399 40.5 39.0 38.8 39.8 40.2 40.3 40.0

9 48.1 48.1 48.1 48.1 482 49.1 474 47.0 48.1 48.1 48.1 48.1
10 374 37.4 374 385 38.6 393 36.9 375 385 384 385 38.5
11 23.8 23.8 23.8 235 235 24.0 23.5 22.4 23.8 23.8 23.9 237
12 123.0 122.7 122.6 1229 122.8 1237 1227 121.4 122.5 126.4 1262 125.9
13 144.1 144.8 144.8 144.0 1444 145.0 143.8 143.5 144.8 138.1 138.5 139.0
14 421 422 422 421 422 429 41.5 412 422 425 42.6 425
15 28.3 284 283 282 283 28.9 28.0 27.1 28.3 28.6 28.7 28.6
16 23.5 23.8 23.8 23.9 24.0 247 232 229 239 24.7 247 250
17 474 47.1 47.1 472 475 483 46.4 46.2 47.0 48.2 484 479
18 41.0 41.2 41.2 40.9 412 419 422 399 412 533 534 53.6
19 41.1 413 412 41.0 41.0 414 417 39.9 413 344 337 34.6
20 355 35.8 357 355 36.4 36.9 353 353 35.7 44.6 472 45.0
21 292 29.4 393 292 289 293 31.8 27.8 294 256 255 259
22 318 325 325 31.7 321 339 337 30.9 325 36.5 36.8 372
23 28.8 28.8 28.8 293 293 293 28.8 28.7 293 294 29.4 29.4
24 16.6 16.6 16.6 17.6 17.7 17.8 17.3 17.0 17.7 17.7 17.8 177
25 15.7 15.6 15.6 16.9 17.0 172 16.0 16.3 16.9 17.1 17.1 17.0
26 17.6 17.5 17.5 17.5 17.6 17.7 16.9 16.6 17.5 17.7 17.7 175
27 26.1 26.2 26.2 26.0 26.1 263 257 255 26.2 237 23.8 239
28 176.4 180.2 180.2 176.4 176.5 178.0 1759 175.1 180.3 176.2 176.3 179.9
29 814 81.6 814 81.3 73.7 743 747 72.1 81.6 17.1 17.1 17.3
30 19.7 19.8 19.8 19.7 19.7 19.6 19.9 19.0 19.8 732 65.0 73.5

I 95.8 105.5 95.8 95.8 95.8 95.8 94.0 957 95.8

2/ 742 75.2 74.1 742 74.0 74.1 723 74.0 74.1

3 79.0 78.5 789 79.0 787 79.1 77.6 78.8 79.0

4 71.1 71.7 71.1 712 71.1 713 69.4 712 712

5 79.4 773 79.3 79.4 78.3 78.6 76.6 79.1 793

6’ 62.2 70.2 622 62.2 62.4 62.2 60.6 623 623

1" 105.5 105.5 105.9 105.4 105.5 104.8 105.1

2" 75.3 75.4 75.2 752 75.4 75.2 753

3" 78.7 78.7 78.6 78.6 78.7 78.6 78.7

4" 71.7 71.8 71.7 71.7 71.8 71.7 71.8

5" 78.6 78.6 78.1 78.5 78.6 78.5 78.6

6" 62.9 62.9 62.7 62.9 62.9 629 63.0

a) Data for CD,OD. b) Data were taken from ref. 12 (CD,0D). ¢) Data for DMSO-d.

6¢ was subjected to the modified Mosher’s method to give
(R)- and (S)-a-methoxy-a-trifluoromethylphenylacetic acid
(MTPA) esters of 6¢, which were the identical compounds
with 5a and 5b from 5. Therefore, the absolute configurations
of drummondol (6) isolated in this experiment was confirmed
to be 1R,5R,6S5,9S, which was the same as the aglycone of
(98)-drummondol 9-O-B-p-glucopyranoside from C. spinosa
(Fig. 1) and 6 is expected to be a new compound as a non-glu-
cosidic form; however, a direct correlation with the original
drummondol (6a) was precluded.

The cytotoxic activity of isolated ebenamariosides (1-4),
their derivatives (1a, 1b, ¢, 3a, 3b, 3¢, 4a 4b and 4c¢), and
compounds 5 and 6 was assayed using the human lung ad-
enocarcinoma cell line A549. Compounds 1c¢ and 4¢ showed
slight activity with ICy, values of 174 = 16 uM and 107 = 8 uM,
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respectively, where that of the positive control etoposide was
23.3 £4.3 uM, while other compounds did not show any ac-
tivity at 100 gg/mL. Unfortunately, none of compounds were
active toward L. major at 100 ug/mL.

Closing Remarks From the leaves of Diospyros maritima,
four triterpene saponins, named ebenamariosides A-D (1-4)
and two megastigmanes (5, 6) were isolated. The structures
of ebenamariosides were carefully elucidated by interpreta-
tion of one- and two-dimensional NMR spectroscopies and
enzymatic hydrolysis of 1, 3 and 4 using crude f-glucosidase
and naringinase gave corresponding monoglucosides and agly-
cones. The structures of megastigmanes were confirmed by
the modified Mosher’s method and the Cotton effect in the CD
spectrum. Assays of inhibitory activities for triterpene deriva-
tives toward human lung adenocarcinoma cell line, A549 and
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Leishmania major did not show any significant activity.

Experimental

General Experimental Procedures Optical rotations
were measured on a JASCO P-2200 digital polarimeter. IR
spectra were measured on JASCO FT/IR-6100 spectropho-
tometers. 'H- and *C-NMR spectra were taken on a Bruker
Avance IIT at 600MHz and 150MHz, respectively, with
tetramethylsilane as an internal standard. CD spectra were
obtained with a JASCO J-720 spectropolarimeter. Positive
and negative-ion HR-ESI-MS were performed with a Thermo
Fisher Scientific LTQ Orbitrap XL. Silica gel column chroma-
tography (CC) was performed on silica gel 60 (70-230 mesh)
(E. Merck, Darmstadt, Germany) and reversed-phase octadec-
ylsilanized (ODS) open CC on Cosmosil 75C,;-OPN (Nacalai
Tesque, Kyoto, Japan) (& =50mm, L =25cm). HPLC was per-
formed on an ODS column fInertsil ODS-3 (GL Science Inc.,
Tokyo, Japan; ®=10mm, L =25cm, 4.0mL/min), Cosmosil

HMBC

H-"H cosY

Fig. 4. Two Dimensional NMR Correlations of Ebenamarioside D (4)
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H-'H cosY

i T e

Fig. 5. a) '"H-'H COSY and HMBC Correlations of 5; b) PS-NOESY
Correlations of §

a) Significant long range "H-'H correlations due to formation of W-figure were
observed between H-2ax and H-12a and H-2 eq and H-4 eq.

Table 3. NMR Spectroscopic Data for Megastimane Derivatives (5, 6) (C: 150MHz, H: 600 MHz, CD,0D)

5 6
C H C H
1 488 = 495 —
2 444 1.64 (ddd, 13.6, 10.5, 2.1) 532 2.35 (dd, 18.1, 2.6)
1.80 (ddd, 13.6, 7.2, 1.4) 2.65 (dd, 18.1, 2.9)
3 66.0 4.09 (dddd, 10.5, 10.5, 7.2, 7.2) 2114 =
4 458 1.75 (dd, 13.6, 10.5) 539 2.43 (dd, 18.1, 2.6)
2.00 (ddd, 13.6, 7.2, 1.4) 278 (d, 18.1)
5 87.5 — 875 -
6 82.6 — 824 -
7 127.0 6.06 (d, 15.5) 125.7 6.02 (dd, 15.4, 1.5)
8 139.6 6.03 (d, 15.5, 4.5) 140.7 6.17 (dd, 154, 5.5)
9 69.2 435 (qd, 6.4, 4.5) 68.9 438 (dqd, 6.4, 5.5, 1.5)
10 24.0 1.28 (d, 6.4) 24.0 128 (3H, d, 6.4)
1 16.3 0.88 (31, s) 19.2 1.18 (311, 5)
12 771 3.68 (d, 7.4) 784 3.65 (d, 7.5)
377 (dd, 7.4, 2.1) 3.91 (dd, 7.5, 2.9)
13 19.5 1.12 31, s) 19.2 1.18 (31, s)

Multiplicities and coupling constants in Hz are in the parentheses.
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Fig. 6. Results of the Modified Mosher’s Method of Compound §

Figures are dg,—ds, in ppm.

+0.02

7NAP (Nacalai Tesque; ® = 10mm, L =25cm, 4.0mL/min)
and Cosmosil PBr (Nacalai Tesque; ® =10mm, L=25cm,
4.0mL/min)], and the eluate was monitored with photodiode
arrtay (200-400nm) and refractive index monitors. Crude
B-glucosidase (Sumizyme BGA) was a generous gift from
Shin Nihon Chemical Co., Ltd. (Anjo, Aichi, Japan) (Lot No.
0930708-03). Crude naringinase was from Amano Enzyme
Inc. (Nagoya, Aichi, Japan) as a gift (Lot No. NAG1252306).
MTPAs were purchased from FUJIFILM Wako Pure Chemi-
cal Corporation (Osaka, Japan).

Plant Material Leaves of D. maritima were collected in
Taketomi-cho, Yaeyama-gun, Okinawa, Japan, in November,
2003 and a voucher specimen was deposited in the Herbarium
of Pharmaceutical Sciences, Graduate School of Biomedical
and Health Sciences, Hiroshima University (03-DM-Oki-
nawa-1105). The plant was identified by one of the authors
(M.A).

Extraction and Isolation Air-dried leaves of D. maritima
(7.80kg) were extracted with MeOH (45L) three times. The
MeOH extract was concentrated to 6L and then washed with
n-hexane (6L, 245¢). The methanolic layer was concentrated
to a viscous gum. The gummy mass was suspended in H,O
(6L), and then partitioned with ethyl acetate (EtOAc) (6L) and
1-butanol (1-BuOH) (6 L), successively, to give 397g and 216 g
of EtOAc and 1-BuOH-soluble fractions. The remaining water-
layer was concentrated to give a H,O-soluble fraction (245 g).
The 1-BuOH-soluble fraction was subjected to a Diaion HP-20
CC (®=80mm, L=50cm), and eluted with H,0-MeOH
@:1, 51), (3:2, 5L), (2:3, 5L), and (1:4, 5L), and MeOH
(5L), 1 L-fractions being collected.

The residue (17.5g) in fractions 4-7 of a Diaion HP-20 CC
was subjected to silica gel CC (® =40mm, L=>55cm), and
eluted with CHCl; (3L), CHCl,-MeOH (99:1, 3L), (49:1,
3L), (97:3, 3L), (19:1, 3L), (37:3, 3L), (9:1, 3L), (7:1, 3L),
(17:3, 3L), (33:7, 3L), 4:1, 3L), 3:1, 3L), and (7:3, 3L),
500mL-fractions being collected. Compounds 6 (266mg)
and 5 (437mg) were obtained in fractions 18-19 and 23-26,
respectively.

The residue (29.2g) in fractions 11-14 of a Diaion HP-20
CC was subjected to silica gel CC (@ =50mm, L=>54.5cm),
and eluted with CHCI, (3L), CHCl,-MeOH (99:1, 3L), (49:1,
3L), (97:3, 3L), (19:1, 3L), (37:3, 3L), (9:1, 3L), (7:1, 3L),
(17:3, 3L), (33:7, 3L), (4:1, 3L), (3:1, 3L), and (7:3, 3L),
500mL-fractions being collected. The residue (3.00g out of
6.74g) in fractions 57-65 of silica gel CC was separated by
ODS CC (® =50mm, L =25 cm), and eluted with a linear gra-
dient solvent system from MeOH-H,O (1:9, 2L) to MeOH-
H,0 (9:1, 2L), 10g-fractions being collected. The residue
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(160mg) in fractions 223-234 was purified by HPLC (Inertsil
0ODS-3, H,0-MeOH, 1:1) to give 36.4mg of 3 from the peak
at 10.2min. The residue (88.1mg) in fractions 240-249 was
purified by HPLC (Cosmosil zNAP, H,0-MeOH, 2:3) to give
32.8mg of 4 from the peak at 10.2min. The residue (2.81g)
in fractions 66—71 of silica gel CC was separated by ODS
CC (® =50mm, L =25cm), and eluted with a linear gradient
solvent system from MeOH-H,O (1:9, 2L) to MeOH-H,O
(9:1, 2L), 10g-fractions being collected. The residue (136 mg)
in fractions 106—129 was purified by HPLC (Cosmosil PBr,
H,0-MeOH, 3:2) to give 15.0mg of 7 and 19.9mg of 8 from
the peaks at 25.0min and 26.4 min, respectively.

The residue (64.5g) in fractions 5-19 of a Diaion HP-20
CC was subjected to silica gel CC (®=80mm, L=40cm),
and eluted with CHCl; (6L), CHCl,-MeOH (99:1, 6L), (49:1,
6L), (97:3, 6L), (19:1, 6L), (37:3, 6L), (9:1, 6L), (7:1, 6L),
(17:3, 6L), (33:7, 6L), 4:1, 6L), (3:1, 6L), and (7:3, 6L),
1L-fractions being collected. The residue (3.00g out of 12.3 g)
in fractions 53-62 was separated by ODS CC (® = 50mm,
L=25cm), and eluted with a linear gradient solvent system
from MeOH-H,O (1:9, 2L) to MeOH-H,O (9:1, 2L), 10g-
fractions being collected. The residue (63.0mg) in fractions
243-246 was purified by HPLC (Inertsil ODS-3, H,0-MeOH,
3:7) to give 10.8mg of 1 from the peak at 5.9min. The
residue (196 mg) in fractions 247-263 was purified by HPLC
(Inertsil ODS-3, H,0-MeOH-CH,COOH, 7:13:0.1) to give
3.8mg of 2 from the peak at 18.4min.

Ebenamarioside A (1) Colorless amorphous powder, [¢]2’
+15.1 (¢=0.72, MeOH); IR v, (film) cm™; 3439, 2928, 2871,
1745, 1636, 1458, 1072; 'H-NMR (600MHz, pyridine-d.):
Table 1; *C-NMR (150MHz, pyridine-d;): Table 2; HR-ESI-
MS (positive-ion mode): m/z: 819.4499 [M+ Na]™ (Calcd for
C,He0 4 Na: 819.4501).

Ebenamarioside B (2) Colorless amorphous powder,
[a]y —5.6 (c=0.43, MeOH); IR v, (film) cm™: 3393, 2936,
2872, 1686, 1043; 'H-NMR (600 MHz, pyridine-d;): Table 1;
BC-NMR (150MHz, pyridine-d;): Table 2; HR-ESI-MS (neg-
ative-ion mode): m/z: 795.4529 [M —H]~ (Calcd for C,,H,0,,:
795.4525).

Ebenamarioside C (3) Colorless amorphous powder,
[¢]F7 +14.0 (¢=0.10, pyridine); IR v, (film) cm™: 3353,
2927, 2876, 1705, 1045; 'H-NMR (600MHz, pyridine-d;):
Table 1; ®*C-NMR (150MHz, pyridine-ds): Table 2; HR-ESI-
MS (positive-ion mode): m/z: 835.4447 [M+Na]' (Caled for
C,,Hgs0,sNa: 835.4450).

Ebenamarioside D (4) Colorless amorphous powder,
[#]3¢ —5.6 (c =0.86, MeOH); IR v, (film) cm™": 3400, 2932,
2877, 1740, 1071; 'H-NMR (600MHz, pyridine-d;): Table 1;
BC-NMR (150 MHz, pyridine-ds): Table 2; HR-ESI-MS (posi-
tive-ion mode): m/z: 835.4449 [M +Na]" (Caled C,,H,0,sNa:
835.4450).

Compound §

Colorless amorphous powder, [¢]2° +10.2 (c = 0.33, MeOH);
IR v,,,, (film) cm™: 3379, 2930, 2876, 1450, 1375, 1135, 1043;
'H-NMR (600MHz, CD,0D): Table 3; *C-NMR (150MHz,
CD,0D): Table 3; HR-ESI-MS (positive-ion mode): m/z:
265.1411 [M +Na]" (Calcd C,;H,,0,Na: 265.1410).

Compound 6

Colorless syrup, [a]2° approx. 0.00 (c=0.81, MeOH); IR
v, (film) cm™: 3414, 2932, 2877, 1715, 1455, 1242, 1042;

max

'H-NMR (600MHz, CD,0D): Table 3; (CDClL,) 6: 6.22 (I1H,
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dd, /=154, 5.4Hz, H-8), 591 (1H, dd, J=15.4, 1.2Hz, H-7),
445 (1H, qd, J=64, 54Hz, H-9), 391 (1H, dd, J=38.3,
3.0Hz, H-12a), 3.75 (1H, d, J=8.3Hz, H-12b), 2.65 (1H, d,
J=18.3Hz, H-4a), 2.60 (1H. dd. J=18.3, 2.0Hz. H-4b), 2.55
(1H, dd, J=18.1, 3.0Hz, H-2a), 2.42 (1H, dd, J=18.1, 2.0Hz,
H-2b), 1.33 (3H, d, J=6.4Hz, H,-10), 1.21 (3H, s, H;-13); 0.99
(3H, s, H;-11); *C-NMR (150MHz, CD,0D): Table 3; (CDCl,)
d: 208.6 (C-3), 139.8 (C-8), 123.7 (C-7), 85.5 (C-5), 81.6 (C-6),
77.2 (C-12), 68.1 (C-9), 52.6 (C-4), 52.5 (C-2), 47.7 (C-1),
24.0 (C-10), 18.7 (C-13), 15.6 (C-11); CD (c=6.46X107° M,
MeOH) Ae (nm): +0.64 (241), —0.30 (296); HR-ESI-MS (pos-
itive-ion mode): m/z: 263.1254 [M +Na]™ (Caled C,;H,,0,Na:
263.1254).

Sugar Analysis About 500 ug each of 1-4 was hydrolyzed
with 1M HCI (0.1 mL) at 90°C for 2h. The reaction mixtures
were partitioned with an equal amount of EtOAc (0.1 mL), and
the water layers were analyzed by HPLC with a chiral detec-
tor (JASCO OR-4090) on an amino column [InertSustain NH,
4.6 X 250mm (GL Science Inc.), CH;CN-H,0 (4:1), flow rate:
ImL/min]. All the hydrolyzates gave a peak for p-glucose at
10.9min with positive optical rotation signs. The peaks were
identified by co-chromatography with an authentic sample.

Enzymatic Hydrolysis of 1, 3 and 4 to 1a, 1b and 1c, 3a,
3b and 3c, and 4a, 4b and 4c, Respectively Ebenamari-
oside A (1) (9.8mg) in 1 mL of H,0O hydrolyzed with 15mg
of crude glucosidase at 37°C for 72h. The reaction mixture
was subjected to silica gel CC (®=2cm, L=15cm) with
increasing amounts of MeOH in CHCIl; [CHCl,-MeOH
9:1, 50mL), (9:1, 100mL to 7:3, 100mL, linear gradient),
(7:3, S0mL) and (1:1, 100mL)], 10-mL fractions being col-
lected. An aglycone (1c¢) (2.8mg) was obtained in fractions
5—6 and the monosaccharide mixture (la and 1b) (5.5mg) in
fractions 9-12. The mixture fraction was purified by HPLC
(ODS-3, H,0-MeOH, 4:1) to give 1.9mg of 1a and 3.0mg of
1b from the peaks at 4.8min and 8.7min, respectively. Me-
sembryanthenoidigenic acid 28-O-f-p-glucopyranosyl ester
(1a): Amorphous powder, [a]2® +31.4 (c=0.09, MeOH), HR-
ESI-MS (positive-ion mode) m/z: 657.3975 [M+ Na]* (Calcd
for C,Hss00Na: 657.3973)%; mesembryanthenoidigenic acid
30-O-f-p-glucopyranoside (1b): Amorphous powder, [a]Z’
+14.5 (¢ = 0.15, MeOH), IR v, (film) cm™: 3370, 2929, 2867,
1686, 1636, 1457, 1077; 'H-NMR (600MHz, pyridine-d,) o:
547 (1H, dd, J=3.3, 3.3Hz, H-12), 4.61 (1H, dd, J=11.7,
2.1Hz, H-6"a), 4.44 (1H, dd, J=11.7, 5.3Hz, H-6"b), 4.87 (1H,
d, J=7.7Hz, H-1"), 4.28 (1H, dd, J=8.7, 8.4Hz, H-4"), 4.27
(1H, dd, /=8.4, 8.3Hz, H-3"), 4.10 (1H, dd, J=8.3, 7.7Hz,
H-2"), 4.00 (IH, m, H-5"), 3.95 (1H, d, J=9.3Hz, H-2%a),
3.46 (1H, dd, J=10.2, 5.6Hz, H-3), 3.44 (IH, d, J=9.3Hz,
H-29b), 3.37 (1h, dd, J=13.6, 3.9Hz, H-18), 2.19 (1H, ddd,
J=13.2, 13.0, 3.6Hz, H-152), 2.12 (1H, ddd, J=13.0, 13.0,
3.0Hz, H-16a), 2.08 (1H, ddd, J=14.0, 14.0, 4.0Hz, H-22a),
2.04 (1H, dd, J=13.9, 13.8 Hz, H-19a), 1.93 (3H, m, H,-11 and
H-16b), 1.84 (3H, m, H,-2 and H-22b), 1.75 (1H, ddd, J=13.6,
13.3, 3.6Hz, H-21a), 1.66 (IH, dd, /= 11.0, 6.7Hz, H-9), 1.57
(IH, m. H-6a), 1.56 (1H, m, H-1a), 1.51 (1H, ddd, J=12.6,
12.6, 3.5Hz, H-7a), 1.45 (1H, dd, J=13.6, 4.2Hz, H-19b), 1.43
(1H, m, H-21b), 1.38 (1H, m, H-6b), 1.33 (1H, m, H-7b), 1.26
(3H, s, H;-27), 1.25 (3H, s, H,-23), 1.21 (3H, s, H;-30), 1.18
(1H, m, H-15b), 1.04 (3H, s, H,-24), 1.03 (3H, s, H;-26), 1.01
(1H, m, H-1b), 0.91 (3H, s, H,-25), 0.87 (1H, brd, J=10.4Hz,
H-5); BC-NMR (150MHz, pyridine-d;): Table 2, HR-ESI-
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MS (positive-ion mode) m/z: 633.4000 [M —H]™ (Calcd for
C;6H5,04: 633.3997); mesembryanthenoidigenic acid (1c): [o]Z
+24.9 (¢ =0.14, MeOH), HR-ESI-MS (positive-ion mode) m/z:
471.3473 [M —HJ~ (Calcd for C,,H,,0,: 471.3469).1%!V
Ebenamarioside C (3) (9.5mg) in ImL of H,0 was hy-
drolyzed with crude naringinase (15mg) at 37°C for 72h.
The reaction mixture was subjected silica gel CC (® =2c¢m,
L=15cm) with increasing amounts of MeOH in CHCI,
[CHCL,-MeOH (9:1, 50mL), (9:1, 100mL to 7:3, 100mL,
linear gradient), (7:3, 50mL) and (1:1, 100mL)], 10-mL
fractions being collected. 29-0--p-glucopyranosyl estre (3a)
was obtained in fractions 11-13. Similarly ebenamarioside
C (3 (I15mg) in 1mL of H,0 was hydrolyzed with crude
f-glucosidase and silica gel CC with the same condition as
above gave 5.2mg of an aglycone (3¢) and 5.6 mg of 29-0-4-
p-glucopyranoside (3b) in fractions 5-8 and 11-13, respec-
tively. 2a,38,29-Trihydroxyolean-12-en-28-oic acid 28-0-$-
p-glucopyranosyl ester (3a): Amorphous powder, [a]2* +18.7
(c=10.08, MeOH), C-NMR (150MHz, pyridine-d;, MeOH-d,
and DMSO-d;): Table 1, HR-ESI-MS (positive-ion mode)
miz: 673.3922 [M+Na]" (Calcd for CyHy,O0Na: 673.3922).

2a,3f,29-Trihydroxyolean-12-en-28-oic acid 29-0-f-b-
glucopyranoside (3b): Amorphous powder; [a]2* +9.6

(c=0.28, MeOH); IR v, (film) cm™: 3379, 2934, 2872, 1687,
1459, 1050; '"H-NMR (600MHz, pyridine-ds) 6: 5.43 (1H, dd,
J=3.3, 3.3Hz, H-12), 4.87 (1H, d, J="7.7Hz, H-1"), 4.60 (1H,
dd, J=11.8, 2.2Hz, H-6"a), 4.44 (1H, dd, J=11.8, 53Hz,
H-6"b), 4.28 (2H, m, H-3" and 4”), 4.10 2H, m, H-2 and 2"),
4.00 (IH, m, H-5"), 3.94 (1H, d, /=9.1Hz, H-29a), 3.43 (1H,
d, J=9.1Hz, H-29b), 3.40 (1H, d, J=9.6Hz, H-3), 3.35 (IH,
dd, J=13.3, 3.1Hz, H-18), 2.25 (IH, dd, J=12.4, 4.2Hz,
H-la), 2.18 (1H, ddd, J=13.3, 13.0, 3.1Hz, H-15a), 2.10 (1H,
m, H-11a), 2.05 (1H, m, H-22a), 2.01 (1H, m, H-19a), 1.98 (2H,
m, H,-16), 1.95 (1H, m, H-11b), 1.84 (1H, brd, J=13.6Hz,
H-22b), 1.76 (1H, m, H-9), 1.75 (1H, m, H-2la), 1.56 (l1H,
m, H-6a), 1.51 (1H, m, H-7a), 143 (2H, m, H-19b and 21b),
1.38 (1H, m, H-6b), 1.31 (1H, m, H-7b), 1.28 (1H, m, H-1b),
1.27 (3H, s, H;-23), 1.23 (3H, s, H,;-27), 1.21 (3H, s, H;-30),
1.20 (1H, m, H-15b), 1.08 (3H, s, H;-24), 1.02 (3H, s, H,-26),
1.01 (1H, m, H-5), 0.99 (3H, s, H,-25, "C-NMR (150MHz,
pyridine-ds): Table 2; HR-ESI-MS (positive-ion mode) m/z:
649.3951 [M—H] (Calcd for C;Hs,0,,: 649.3946). 2a,35,29-
Trihydroxyolean-12-en-28-oic acid (3¢): Amorphous powder;
[@]2* +34.6 (c=0.26, MeOH); HR-ESI-MS (positive-ion
mode) m/z: 487.3422 [M—H]™ (Calcd for C;,H,,05: 487.3418).

Ebenamarioside C (4) (16.6mg) in 1mL of H,0 was hy-
drolyzed with crude f-glucosidase 37°C for 72h. The reac-
tion mixture was separated by silica gel CC with the same
condition as above to give 4.1mg of an aglycone (4¢) and
9.4mg of a mixture of two monoglucosidic compounds (4a
and 4b) in fractions 5-8 and 10-15, respectively. The mixture
was purified by HPLC (ODS-3, H,0-MeOH, 4:1) to afford
6.3mg of 28-0-f-p-glucopyranosyl ester (4a) and 1.9mg of
30-0-f-p-glucopyranoside (4b) from the peaks at 3.9min and
9.2min, respectively. 2a,34,30-Trihydroxyurs-12-en-28-oic
acid 28-0-F-p-glucopyranosyl ester (4a): Amorphous powder;
[e13t +17.9 (c 0.31, MeOH); IR v, (film) em™: 3373, 2925,
2877, 1732, 1456, 1073; 'H-NMR (600MHz, pyridine-d;) ¢:
6.31 (IH, d, /J=8.1Hz, H-1"), 548 (1H, dd, J=34, 3.4Hz,
H-12), 447 (1H, dd, J=11.8, 2.4Hz, H-6'a), 441 (1H, dd,
J=11.8, 44Hz, H-6'b), 4.39 (1H, dd, J=9.5, 8.9Hz, H-4"),
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431 (1H, dd, /=89, 8.7Hz, H-3'), 4.23 (1H, dd, J=8.7,
8.1Hz, H-2"), 4.11 (1H, ddd, J=11.1, 9.6, 43Hz, H-2), 4.04
(1H, ddd, J=95, 44, 2.4Hz, H-5'), 3.93 (1H, dd, J=10.7,
29Hz, H-30a), 3.88 (1H, dd, J=10.7, 5.6Hz, H-30b), 3.39
(1H, d, J=9.4Hz, H-3), 2.65 (IH, d, /J=11.5Hz, H-18), 2.49
(1H, ddd, J=13.8, 13.7, 4.4Hz, H-15a), 2.26 (1H, dd, J=12.5,
44Hz, H-1a), 2.21 (1H, ddd, J=13.5, 13.4, 42Hz, H-16a),
2.07 (1H, m, H-22a), 2.06 (1H, m, H-16b), 2.05 (2H, m, H,-11),
2.01 (1H, m, H-19), 1.86 (2H, m, H,-21), 1.84 (1H, m, H-22b),
1.74 (1H, dd, J=10.0, 74Hz, H-9), 1.54 (1H, m, H-7a), 1.52
(1H, m, H-6a), 1.40 (1H, m, H-7b), 1.38 (1H, m, H-6b), 1.27
(1H, m, H-ib), 1.26 (3H, s, H;-23), 1.20 (3H, s, H;-27), 1.19
(3H, s, H;-26), 1.18 (1H, m, H-15b), 1.16 (1H, m, H-20), 1.11
(BH, d, J=6.4Hz, H;-29), 1.09 (3H, s, H;-24), 1.04 (3H, s,
H,-25), 1.01 (1H, d, J=12.1Hz, H-5); “C-NMR (150MHz,
pyridine-d;): Table 2; HR-ESI-MS (positive-ion mode) m/z:
673.3925 [M + Na]* (Calcd for C;Hs0, Na: 673.3922).

2a,3p,30-Trihydroxyurs-12-en-28-oic acid 30-0-f-p-
glucopyranoside (4b): Amorphous powder; [a]Z® +5.5

(c=0.10, MeOH); IR v, (film) ecm™: 3370, 2930, 2871,
1686, 1457, 1050; 'H-NMR (600 MHz, pyridine-d;) J: 5.45
(1H, dd, J=3.1, 3.1Hz, H-12), 490 (1H, d, /=7.8Hz, H-1"),
4.62 (1H, dd, J=11.7, 2.2Hz, H-6"a), 445 (1H, dd, J=11.7,
5.3Hz, H-6"b), 4.30 (1H, dd, J= 8.8, 8.9Hz, H-3"), 4.27 (1H,
dd, /=89, 89Hz, H-4"), 410 (1H, m, H-2), 409 (1H, m,
H-2"), 407 (1H, m, H-30a), 4.03 (1H, m, H-5"), 3.89 (1H, dd,
J=9.5, 3.5Hz, H-30b), 3.40 (1H, d, /J=9.4Hz, H-3), 2.65 (1H,
d, J=11.3Hz, H-18), 2.32 (I1H, ddd, J=13.8, 13.8, 44Hz,
H-15a), 2.24 (IH, dd, J=12.5, 4.4Hz, H-la), 2.07 (1H, m,
H-16a), 2.04 (1H, m, H-21a), 2.03 (1H, m, H-22a), 2.02 (2H,
m, H,-11), 1.96 (1H, m, H-16b), 1.94 (1H, m, H-22b), 1.75
(2H, m, H-9 and 19), 1.66 (1H, m, H-21b), 1.55 (1H, m, H-6a),
1.54 (1H, m, H-7a), 1.39 (1H, m, H-20), 1.38 (1H, m, H-6b),
1.37 (1H, m, H-7b), 1.28 (3H, s, H;-23), 1.28 (1H, m, H-1b),
1.17 (3H, s, H,-27), 1.16 (1H, m, H-15b), 1.08 (3H, s, H;-24),
1.04 (3H, s, H;-26), 1.03 (1H, m, H-5), 1.01 (3H, d, /=6.4Hz,
H,-29), 0.98 (3H, s, H;-25); “C-NMR (150MHz, pyridine-
ds): Table 2; HR-ESI-MS (positive-ion mode) m/z: 649.3948
[M —Na]™ (Caled for C;Hs;0,,: 649.3946).

20,3f,30-Trihydroxyurs-12-en-28-oic acid (4¢): Amorphous
powder; [a]2® +17.7 (c=0.13, EtOH); HR-ESI-MS (positive-
ion mode) m/z: 487.3423 [M—H]™ (Caled for C;H,Os:
487.3418).

Preparation of (R)- and (S)-MTPA Esters (5a and 5b)
from 5 A solution of 5 (1.0mg) in 0.5mL of dry CH,CI,
were reacted with (R)-MTPA (21.5mg) in the presence of
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide =~ hydrochlo-
ride (EDC) (13.4mg) and N,N-dimethyl-4-aminopyridine
(4-DMAP) (16.1mg). The mixture was then occasionally
stirred at 37°C for 24 h. After the addition of CHCI, (1.5mL),
the reaction mixture was successively washed with H,O
(1mL), 1M HCI (1 mL), NaHCO,-saturated H,0 (I mL), and
brine (1mL). The organic layer was dried with Na,SO, and
evaporated under reduced pressure. The residue was purified
by preparative TLC [silica gel (0.25mm thickness), being ap-
plied for 8cm width, with development with CHCl,—-MeOH
(19:1) for 9cm and then eluting with CHCl;-MeOH (1:1)]
to furnish an ester 5a (0.5mg) from the band at R;=0.67.
Through the same procedure, 5b (0.6mg, R.=0.59) were
prepared from 5 (1.0mg) using (S)-MTPA (25.4mg), EDC
(15.8 mg), and 4-DMAP (15.5mg), respectively.
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(R)-MTPA ester of 5 (5a): amorphous powder; 'H-NMR
(600MHz, CDCl,) é: 7.35-7.55 (SH, m, aromatic protons), 6.05
(14, d, J=15.2Hz, H-7), 6.02 (1H, dd, /=15.2, 4.9Hz, H-8),
5.66 (1H, qd, J=6.5, 4.9Hz, H-9), 544 (1H, dddd, J=10.5,
10.5, 7.2, 7.2Hz, H-3), 3.87 (1H, d, J=8.2Hz, H-12a), 3.77
(14, dd, J= 8.2, 2.0Hz, H-12b), 3.53 (3H, s, -OMe), 3.51 (3H,
s, -OMe), 2.18 (1H, ddd, J=13.6, 7.2, 1.5Hz, H-4), 2.03 (1H,
ddd, J=13.6, 7.2, 1.5Hz, H-2), 1.73 (IH, dd, J=13.6, 10.5Hz,
H-4), 1.70 (1H, ddd, J=13.6, 10.5, 2.0Hz, H-2), 1.45 (3H, d,
J=6.5Hz, H;-10), 1.08 (3H, s, H;-13), 0.90 (3H, s, H,-11); HR-
ESI-MS (positive-ion mode) m/z: 697.2206 [M +Na]* (Calcd
for Cy;H,,OgFNa: 697.2207).

(S)-MTPA ester of 5 (Sb): amorphous powder; 'H-NMR
(600MHz, CDCl;) d: 7.35-7.55 (10H, m, aromatic protons),
6.11 (1H, d, J=15.5Hz, H-7), 6.08 (1H, dd, J=15.5, 5.5Hz,
H-8), 5.63 (1H, qd, J=6.5, 5.5Hz, H-9), 544 (1H, dddd,
J=10.7, 10.7, 7.1, 7.1 Hz, H-3), 3.88 (1H, d, /= 8.3Hz, H-12a),
3.78 (1H, dd, /=8.3, 2.1Hz, H-11b), 3.52 (3H, s, —-OMe), 3.49
(3H, s, -OMe), 2.25 (1H, ddd, J=13.6, 7.1, 1.5Hz, H-4), 1.99
(1H, ddd, J=13.6, 7.1, 1.5Hz, H-2), 1.85 (1H, ddd, J=13.6,
10.7Hz, H-4), 1.62 (1H, ddd, J=13.6, 107, 2.1Hz, H-2),
1.40 (3H, d, J=6.5Hz, H,-10), 1.10 (3H, s, H,-13), 0.91 (3H,
s, H;-11); HR-ESI-MS (positive-ion mode) m/z: 697.2206
[M 4+ Nal* (Caled for C;;H,O0F Na: 697.2207).

NaBH, Reduction of 6 To a solution of 6 (11.0mg) in
MeOH (I mL) was added 8.2mg of NaBH, and the reaction
mixture was stirred for Smin at 25°C. Excess NaBH, was
quenched by the addition of 1mL of acetone and then the
reaction mixture was evaporated to dryness. The resultant
residue was purified by HPLC [Inertsil ODS-3, 6 X250 mm,
H,0-MeOH (1:4), flow rate: 1.6mL/min] to give 3.1mg of
6¢ (=5) and 5.8mg of 6d from the peaks at 10.9min and
13.3min. respectively.

Compound 6¢: amorphous powder; [a]3! +7.1 (c=0.31,
MeOH); HR-ESI-MS (positive-ion mode) m/z: 265.1409
[M + Na]* (Calcd for C;;H,,0,Na: 265.1410).

Compound 6d: amorphous powder; [a]3' —5.5 (¢=0.29,
MeOH); IR v, (film) cm™: 3402, 2929, 2889, 1604, 1453,
1381, 1101, 1053; 'H-NMR (600MHz, CD,0OD) d: 6.02 (1H,
dd, J=15.5, 5.6Hz, H-8), 5.82 (1H, dd, /= 15.5, 1.0Hz, H-7),
4.33 (1H, qd, J=64, 5.6Hz, H-9), 4.12 (1H, d, J=6.9Hz,
H-12a), 4.02 (1H, dd, J=5.7, 57Hz, H-3), 3.76 (1H, dd,
J=6.9, 2.3Hz, H-12b), 2.13 (1H, dd, J=15.5, 5.7Hz, H-4a),
2.02 (1H, ddd, J=153, 5.7, 2.2Hz, H-2a), 1.84 (1H, dd,
J=15.5, 2.2Hz, H-4b), 1.73 (1H, dd, J=15.3, 2.3Hz, H-2b),
1.25 (3H, d, J=6.4Hz, H,-10), 1.13 (3H, s, H;-13), 0.86 (3H,
s, H;-11); PC-NMR (150MHz, CD,0D) J: 139.4 (C-8), 126.8
(C-7), 87.2 (C-5), 82.5 (C-6), 76.3 (C-12), 69.1 (C-9), 66.0
(C-3), 48.0 (C-1), 451 (C-4), 449 (C-2), 24.1 (C-10), 19.7
(C-13), 16.3 (C-11); HR-ESI-MS (positive-ion mode) m/z:
265.1408 [M + Na]* (Caled for C;;H,,0,Na: 265.1410).

Cytotoxic Activity toward Human Lung Adenocarci-
noma, A549 Cells Cytotoxic activity toward lung adeno-
carcinoma cells was determined by colorimetric cell viability
assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT). Lung adenocarcinoma cell line A549
was purchased from the JCRB Cell Bank, Japan. AS549
cells were cultured in Dulbecco’s modified Eagle’s medium
supplemented with 10% heat inactivated FCS, and kanamycin
(100 ug/mL) and amphotericin B (5.6 ug/mL). In a 96-well
plate, 1uL aliquots of sample solutions and the cancer cells
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(5x10° cells/well) in 1004L medium were added to each
well, and then the plate incubated at 37°C under a 5% CO,
atmosphere for 72h. A solution (100 L) of MTT (0.5mg/mL)
was then added to each well and the incubation was continued
for a further 1h. The absorbance of each well was measured
at 540nm using a Molecular Devices Versamax tunable mi-
croplate reader. DMSO was used as a negative control and
doxorubicin as a positive control. The cytotoxic activity was
calculated as:

% lnhlbltlon = [1 - (Atest - Ablank ) / (Acontrol - Ablank )] X100

where 4., 1S the absorbance of the control DMSO well, 4,
the absorbance of the test wells, and A4, the absorbance of
the cell-free wells.

Anti-Leishmania Activity The anti-Leishmania major
activity toward promastigotes was determined by the colo-
rimetric cell viability MTT assay. The promastigotes at the
logarithmic growth phase were cultured in M199 medium
supplemented with 10% heat-inactivated fetal bovine serum
and 100 ug/mL of kanamycin. In a 96-well plate, 1 4L aliquot
of sample solutions and L. major cells (1 X 10° cells/well) in
100 zI. medium were added to each well, and then the plate
was incubated at 27°C under an ambient atmosphere for 72h.
A solution of MTT (100 L) was then added to each well
and the incubation was continued overnight. The formazan
product of MTT reduction was then dissolved in DMSO and
then the absorbance was measured using a Molecular Devices
Versamax tunable microplate reader. DMSO was used as a
negative control and amphotericin B as a positive control. The
experiment was performed in triplicate. The anti-Leishmania
major activity was quantified as the percentage of the control
absorbance of reduced dye at 540nm. The inhibitory activity
was calculated as:

% inhibition = [] - (Atest - Ablank) / (Acontrol - Ablank )] X100

where A_ ..., is the absorbance of the control (DMSO) well,
A, the absorbance of the test wells, and 4,,,,, the absorbance
of the cell-free wells.
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The purpose of this study was to elucidate the effect of high-temperature storage on the stability of
ranitidine, specifically with respect to the potential formation of N-nitrosodimethylamine (NDMA), which
is classified as a probable human carcinogen. Commercially available ranitidine reagent powders and for-
mulations were stored under various conditions, and subjected to LC-MS/MS analysis. When ranitidine
tablets from two different brands (designated as tablet A and tablet B) were stored under accelerated condi-
tion (40°C with 75% relative humidity), following the drug stability guidelines issued by the International
Conference on Harmonisation (ICH-QI1A), for up to 8 weeks, the amount of NDMA in them substantially
increased from 0.19 to 116 ppm and from 2.89 to 18 ppm, respectively. The formation of NDMA that exceeded
the acceptable daily intake limit (0.32 ppm) at the temperature used under accelerated storage conditions
clearly highlights the risk of NDMA formation in ranitidine formulations when extrapolated to storage
under ambient conditions. A forced-degradation study under the stress condition (60°C for 1 week) strongly
suggested that environmental factors such as moisture and oxygen are involved in the formation of NDMA
in ranitidine formulations. Storage of ranitidine tablets and reagent powders at the high temperatures also
increased the amount of nitrite, which is considered one of the factors influencing NDMA formation. These
data indicate the necessity of controlling/monitoring stability-related factors, in addition to contrelling im-
purities during the manufacturing process, in order to mitigate nitrosamine-related health risks of certain

pharmaceuticals.

Key words

Introduction

In 2018, the finding of N-nitrosodimethylamine (NDMA)
and other nitrosamines in multiple valsartan and angiotensin
I receptor blocker (ARB) formulations triggered concern
about trace impurities of probable human carcinogens in these
widely used pharmaceutical products.” Regulatory agencies
collaborated to analyze impurities in the products, investigate
the cause, and enact several measures, including establishment
of interim criteria for distribution, in order to mitigate the
potential risk. Analysis by HPLC, GC-MS, and/or LC-MS/MS
indicated unacceptable amounts of NDMA in some active
pharmaceutical ingredients (APIs) and their drug products.*™
Interim criteria to control the levels of mutagenic impurities
(e.g., NDMA and N-nitrosodiethylamine (NDEA)) were estab-
lished on the basis of acceptable daily exposure limits to the
particular compound and the drug’s maximum daily dose, fol-
lowing the International Conference on Harmonisation (ICH)
M7 guideline.¢~®

Ranitidine and other H2-receptor antagonists (e.g., nizati-
dine) represent another group of pharmaceuticals with similar
nitrosamine contamination issue.” In 2019, multiple products
were recalled from the market after varying amounts of
NDMA were found in some APIs and tablets.”'? The intrinsi-
cally unstable nature and ternary amine structure of ranitidine
raised some questions regarding the cause of impurity found
in the products; it is of particular interest whether the NDMA

#These authors contributed equally to this work.
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is formed during storage of solid formulations of ranitidine
HCI (Fig. 1). Ranitidine HCI readily degrades during the stor-
age of the solids at elevated temperature and humidity.’>~®
The stability of ranitidine APIs and formulations had been as-
sessed using accelerated stress tests during drug development
in the 1980s, but the risk of formation of NDMA impurities
at sub-ppm levels was not explored. The potential of NDMA
formation during storage was suggested in an Australian regu-
latory report in 2019. The report showed that some products
that were nearing their expiration dates had higher levels of
NDMA than products that were newer.!® The observation
of elevated NDMA level by GC-based analysis of ranitidine
products in another study also suggested degradation-related
NDMA formation from ranitidine.!” Forced degradation stud-
ies, especially those profiling degradation products, performed
under relevant stress conditions are expected to provide valu-
able information for predicting potential drug changes during
storage at ambient temperatures.'® However, to the best of
our knowledge, no experimental data have been reported on
possible NDMA formation during the storage of ranitidine
formulations.

Several theories have been proposed regarding factors af-
fecting NDMA formation. The European Medicines Agency
(EMA) reported that NDMA could be generated when di-
methylamine released from ranitidine is exposed to a source
of nitrite (e.g,, sodium nitrite).'” Environmental health studies
have reported that chloramination of water leads to the pro-
duction of NDMA from ranitidine and other tertiary amine

© 2020 The Pharmaceutical Society of Japan
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Fig. 1. Chemical Structure of (a) Ranitidine HCl and (b) N-Nitrosodi-

methylamine (NDMA)

compounds.?’?) There are also conflicting reports regarding
possible NDMA formation due to the reaction of ranitidine
with nitrite in the gastrointestinal tract after oral ingestion.>>?

In the present study, forced degradation of ranitidine HCl-
containing reagent powders and ethical tablet formulations,
which were commercially available in Japan, was performed
for short durations under high-temperature storage conditions
to assess possible NDMA formation.

Experimental

Chemicals and Reagents The NDMA standard (>99.0%
purity) was purchased from FUJIFILM Wako Pure Chemical
Corporation (Osaka, Japan), and deuterium-labeled NDMA
(NDMA-d), the internal standard (IS), was purchased from
AccuStandard (New Haven, CT, U.S.A.). Ranitidine HCI re-
agent powders were obtained from Cayman Chemical (Ann
Arbor, MI, U.S.A)) and Toronto Research Chemicals (Toronto,
Ontario, Canada). Two pharmaceutical formulations of raniti-
dine tablet 150 mg, which are commercially available in Japan,
were also used in this study. Methanol and dimethyl sulphox-
ide (DMSO) were purchased from Kanto Chemical Corpora-
tion (Tokyo, Japan). Acetonitrile, formic acid, ammonium
acetate, and the nitrite reference standard were purchased
from FUJIFILM Wako Pure Chemical Corporation.

Storage of Samples at High Temperatures Ranitidine
tablets in push-through packages and ranitidine reagent pow-
ders (approximately 250mg) in glass vials with hermetic caps
were stored in a storage chamber (CSH-112, Espec Crop.,
Osaka, Japan) controlled at 40 or 50°C with 75% relative
humidity (RH) for up to 8 weeks. For a subset of ranitidine
reagent powders (vacuumed sample), the headspace air in the
vial was removed by using a freeze dryer (FreezZone 6; Lab-
conco, Kansas City, MO, U.S.A). Ranitidine reagent powders
kept in open, hermetically sealed (closed), and vacuum vials
were then subjected to a forced-degradation study under high-
temperature conditions (60°C/50% RH) for 1 week.

Headspace-GC-MS (HS-GC-MS) Analysis Ranitidine
tablets were ground to a fine powder using an agate mortar
and 250mg of the tablet powder was weighed into a 10-mL
headspace vial. One hundred and twenty-five microliters of
NDMA-d; solution (10ug/mL in DMSO) and DMSO was
added to vial to make a total volume of 2.5mL and the vial
was immediately capped and crimped. The vial was shaken
for 30min using a mechanical shaker, and then subjected to
HS-GC/MS analysis.

NDMA was analyzed using a GC-MS system (7890B/5977B;
Agilent Technologies, Palo Alto, CA, U.S.A.) operated in the
electron ionization mode (70 eV). The headspace oven temper-
ature was operated isothermally within the range of 80—-110°C
for 10min. The vial equilibration and injection times were set
at 10 and 1 min, respectively. The GC injector was operated at
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Table 1.
NMDA-d,

Multiple Reaction Monitoring Transition for NDMA and

Precursor ion Product ion
(mlz) (m/z)

75.09 43.10
81.09 46.15

Q1 Pre Collision Q3 Pre
bias energy bias

—18.0
-16.0

Analyte

NDMA
NDMA-d (IS)

-15.0
-15.0

—15.0
—16.0

220°C with a 5:1 split ratio. Helium was used as the carrier
gas at a constant flow rate of 3mL/min. A DB-WAX capil-
lary column (30m X 0.25mm, film thickness: 0.25 ym; Agilent
Technologies) was used with the following oven program: hold
at 70°C for 4min, ramp from 70 to 110°C at 10°C/min, ramp
from 110 to 240°C at 20°C/min, and then held at 240°C for
2min. The MS transfer line temperature was maintained at
250°C. The mass spectrometer was operated in the selected
ion monitoring (SIM) mode. For NDMA detection, m/z 42 and
74 were used for confirmation and quantification, respectively.
For NDMA-d detection, m/z 46 and 80 were used for confir-
mation and quantification, respectively.

LC-MS/MS Analysis Approximately 75mg of ranitidine
reagent powder was weighed into a polypropylene tube and
0.25mL of NDMA-d, solution (25 xg/mL in 20% methanol)
and 1.0mL of 20% methanol were added. Two ranitidine tab-
lets (150mg each) were placed in a polypropylene tube and
1.0mL of NDMA-d, solution (25 ug/mL in 20% methanol)
and 4.0mL of 20% methanol were added. After vigorous
shaking followed by centrifuge filtration using a 0.22-ym
centrifugal filter unit (Ultrafree-MC-GV  polyvinylidene
difluoride (PVDF); Merck Millipore, Billerica, MA, U.S.A),
the amount of NDMA present in the filtrate was determined
by LC-MS/MS.

LC separations were performed on a Nexera LC-40
ultra-high performance liquid chromatography system (Shi-
madzu, Kyoto, Japan) with a Shimpack ARATA CI8 col-
umn (3.0 X75mm, 2.2-um particle size, 12-nm pore size).
Mobile phase A consisted of water—acetonitrile—formic acid
(990:10:1, v/v/v) and mobile phase B consisted of water—
acetonitrile—formic acid (100:900:1, v/v/v). The flow rate and
column temperature were 450 4L/min and 40°C, respectively,
and the injection volume was Sul.. A linear gradient was
used for elution, consisting of mobile phase B from 0 to 1%
in Tmin, 1 to 30% in 0.25min, and 30% for 1.25min. The
column was then equilibrated for 4min with mobile phase A.
Mass spectrometric detection was performed on a Shimadzu
LCMS8060 tandem mass spectrometer with an electrospray
ionization source in the positive ion mode. The nebulizer gas
flow rate was'3L/min. The interface, desolvation tube, and
heating block temperatures were 300, 250, and 400 °C, respec-
tively, and the drying gas flow rate was 10L/min. Multiple
reaction monitoring transitions for the analytes are shown in
Table 1.

The method was linear (R?>0.999) in the range of
1-50000ng/mL. The limit of quantification (LOQ) was
Ing/mL (0.03 ppm) with a signal-to-noise (S/N) ratio of =10.
The recovery rate of NDMA spiked at three concentrations
(3.5, 10, and 50ng/mL) was 93—-102%, with a relative standard
deviation of 0.26-0.99% (n= 3).

Ion Chromatography Analysis Ranitidine tablets and
powders dissolved in purified water (3 mg/mL) were dechlori-
nated using a MetaSep Ag SPE column (GL Sciences, Tokyo,
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Fig. 2. Effect of Headspace Oven Temperature on HS-GC-MS Analysis of NDMA in Ranitidine Tablets

(2) Amount of NDMA produced under various heating conditions in the headspace (HS) oven. Each result represents the mean = standard deviation (S.D.) (n=3). (b)
Changes in visual appearance after 10min of HS oven equilibration at various temperatures. (Color figure can be accessed in the online version.)

Japan), and then centrifuged with a 0.22-um centrifugal filter
unit (Ultrafree-MC-GV PVDF). Nitrite ion levels in the fil-
trates were determined by ion chromatography using a Dionex
Integrion HPIC System (Thermo Scientific, San Jose, CA,
U.S.A) equipped with an IonPac AG19-4 um guard column
(4X50mm), an IonPac AS19-4 um anion exchange column
(4% 250mm), an anion dynamically regenerated suppressor
(4mm), and a UV detector (214 nm). Ten microliters of sample
was used for all injections. The mobile phase was produced
using an electrodialytic potassium hydroxide (KOH) eluent
generator. For KOH gradient elution, the concentration was
maintained at 20mM for the first 12min, increased to 80 mM
over 4min, and then maintained for 14min. The flow rate
and column temperature were 0.8 mL/min and 30°C, respec-
tively. A six-point calibration curve of nitrite ion standard
was prepared from 0.005 to 1.0ppm for which the R* values
were >0.999. The LOQ of this method was estimated to be
1.67 ppm with an S/N ratio of =10.

Results and Discussion

Rapid Forced-Degradation Study by HS-GC-MS The
HS-GC-MS analysis was initially used to clarify the cause
for a high amount of NDMA being found on GC-MS analysis
of ranitidine tablets in previous report.'” Figure 2a shows the
amount of NDMA detected under various heating conditions
(80-110°C) in the headspace oven for 10min. The amount
of NDMA sharply increased upon exposure to temperatures
above 100°C. Browning of the formulation was also observed
in a temperature dependent manner (Fig. 2b). These data in-
dicate that ranitidine decomposes on heating and that NDMA
is generated during headspace equilibration. The results con-
firmed that HS-GC-MS is not suitable for the accurate quan-
tification of NDMA because sample heating generates NDMA
in the extremely high-temperature headspace and/or other part
of the systems. However, HS-GC-MS may provide a simple
method for rapid screening of other drugs that has potential
risk of NDMA formation. For example, the HS-GC-MS analy-
sis of nizatidine, which is structurally similar to ranitidine,
showed an apparent formation of NDMA by heating at 130°C
(Fig. S1). Nizatidine may be more thermostable than raniti-
dine, as the amount of NDMA generated by heating of nizati-
dine tablet was much lower than that obtained with ranitidine.
In the subsequent experiments, we performed LC-MS/MS
analysis to avoid heat treatment-induced sample decomposi-
tion during the measurement.
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Fig. 3. NDMA Formation in Ranitidine Samples during 8 Weeks of
Storage under Accelerated and Stress Conditions

The amount of NDMA in (a) ranitidine tablets and (b) ranitidine reagent powders
stored at 40°C/75% RH or 50°C/75% RH were measured by LC-MS/MS. Each
result represents the mean = S.D. (n=3). * p<0.005; (a) vs. tablet B, (b) vs. reagent
A compared at the same storage conditions by Student’s s-test.

NDMA Formation from Ranitidine under Accelerated
Stress Conditions The potential formation of NDMA during
the storage of ranitidine tablets and reagent powders was eval-
uated under accelerated stress conditions following the guide-
lines issued by the ICH. According to the notifications from
the Ministry of Health, Labour and Welfare of Japan and the
U.S. Food and Drug Administration (FDA), the accepted daily
intake limit for NDMA in ranitidine drug substance was set
to be 0.32ppm (0.32 g of NDMA in 1g of ranitidine) based
on the maximum daily dose of ranitidine (300mg/d).}** Two
ranitidine tablet formulations found to have NDMA levels
below (tablet A) and above (tablet B) the limit in preliminary
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Fig. 4. Forced-Degradation Study of Ranitidine Reagent Powder A
Stored under Various Environmental Conditions at 60°C

Ranitidine reagent powders were stored in glass vials with (closed) or without
(open) caps at 60°C/50% RH and was then subjected to NDMA measurement by
LC-MS/MS. Samples devoid of moisture/oxygen (vacuum) were also used in this
study. Each result represents the mean = S8.D. (n=3). *p <0.05; **p <0.001; com-
pared with the vacuum sample on each day by Student’s r-test.

studies were used in the storage study. The NDMA level in
ranitidine tablet A was below the acceptable limit (0.32 ppm)
on day 0, but increased to 1.42 and 116ppm after 4 and 8
weeks, respectively, when stored at 40°C/75% RH (Fig. 3a). In
addition, more NDMA was produced under storage conditions
of 50°C/75% RH and exceeded 500 ppm after 8 weeks. Raniti-
dine tablet B contained a higher amount of NDMA (2.89 ppm)
at the beginning of the study than tablet A. However, the level
of NDMA generated from tablet B after 8 weeks storage at
40 and 50°C was less than that from tablet A (Fig. 3a). Stor-
age of the two ranitidine reagent powders at 40 and 50°C
for 8 weeks induced the production of smaller and different
amounts of NDMA (Fig. 3b). We also observed browning of
the ranitidine tablets and reagent powders after 8 weeks of
storage at 40—50°C (data not shown).

The formation of NDMA at levels above the official limit
even in the samples stored for 4 or 8 weeks under the ICH-
recommended accelerated stability testing conditions clearly
indicates the risk of its formation during storage of the prod-
ucts at ambient temperatures. The preliminary result of the
storage study was shared by regulatory bodies. The FDA
recently requested the removal of all ranitidine products from
the market because of the increasing amounts of NDMA noted
in some ranitidine products over time and when stored at
temperatures higher than room temperature, which may result
in consumer exposure to NDMA levels above acceptable lim-
its.?® These findings also indicate the relevance of the regula-
tory decisions to stop the distribution of ranitidine products.

Factors Affecting the Formation of NDMA Various fac-
tors including differences in storage conditions (e.g, humidity,
oxygen, and temperature), solid-state forms (e.g., crystal form)
and their physicochemical properties, and drug formulations
(e.g, excipients, impurities, residual water, tablet/powder
form, and coatings), may affect NDMA formation. In order to
clarify the impact of these potential factors, the effect of stor-
age conditions (humidity and oxygen) on NDMA formation
was studied by storing ranitidine reagent powder A in open/
closed/vacuum vials at 60 °C/75% RH for 1 week. The amount
of NDMA newly formed during storage in the vacuum vial,
in which the air has been removed and hermetically sealed
with a lid to prevent moisture/oxygen infiltration, was much

Chem. Pharm. Bull.

74

1011

Table 2. Amount of Nitrite Ion in Ranitidine after High-temperature
Storage for 8 Weeks

Nitrite ion (ppm)

Storage conditions 8 weeks 8 weeks
Day 0
B 40°C/75% RH 50°C/75% RH
Ranitidine tablet A 11.1=1.0 300351 155.3x0.7
Ranitidine tablet B 259x06 186.3+10.8 177.7£2.0
Ranitidine reagent A 92*+13 16.0+1.4 422=*14
Ranitidine reagent B~ 254 0.9 58.5% 117.9*

Each result represents the mean £ S.D. (n=3), *n=1

less than that in the closed and open vials (Fig. 4). These data
suggest that the formation of NDMA in ranitidine is triggered
by exposure to the atmosphere (e.g., moisture and oxygen),
as well as by high-temperature conditions. The variation in
the rates of NDMA formation observed on storage of tablet
A and B (Fig. 3a) can be partially explained by their different
coatings and/or packaging, which determined the exposure
to moisture and oxygen. For example, both tablets were film-
coated, but different excipients were used.

Ranitidine HCI has been reported to exist in two crystal-
line forms, namely Form 1 and Form 2,27 and differences
in stability of polymorphic crystals may be another factor
influencing NDMA formation. Hence, the crystal form of the
samples was evaluated with X-ray diffraction (XRD) (Fig.
S2). The XRD patterns of the reagent powder A and B indi-
cated identical ranitidine crystalline form and that they are
Form 2 (stable form) from the characteristic diffraction peak
at near 20=20°% Therefore, the differences in the profiles
of NDMA formation observed for reagents A and B (Fig. 3b)
were not due to the difference in the crystal form but were
attributable to other factors. Scanning electron microscopy ob-
servations suggested some differences in particle morphology
between ranitidine reagent powder A and B (Fig. S3). Reagent
A formed dense clumps with a diameter of approximately
300 #um, whereas sparse agglomeration was observed in re-
agent B. The relevance of the morphological differences on the
NDMA formation should be intriguing topic for further study.

The amount of nitrite, which is considered one of the fac-
tors influencing NDMA formation,'? in ranitidine used in this
study was analyzed by ion chromatography. Table 2 clearly
shows that the storage of each ranitidine tablet/reagent for 8§
weeks under high-temperature conditions led to an increase
in nitrite from Day 0. It suggested contribution of nitrite
produced by the self-decomposition of ranitidine to the for-
mation of NDMA in the ranitidine formulations, while clear
relationship between the amounts of nitrite and NDMA was
not observed.

Conclusion

In this study, we examined the effect of high-temperature
storage of ranitidine on the formation of NDMA and then
assessed factors affecting NDMA formation. The current find-
ings clearly indicate that temperature-dependent formation of
NDMA occurred during the storage of ranitidine tablets and
reagent powders. Exposure of the atmosphere and nitrite pro-
duced by the self-decomposition of ranitidine may have con-
tributed to NDMA formation during storage. Although it is
not fully understood what/how the self-decomposing products
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of ranitidine (including nitrite) contribute to the formation of
NDMA in the chemical reaction, NDMA formation observed
during the storage of ranitidine tablets necessitates the used
of additional measures to control stability-related nitrosamine
impurities in order to mitigate the safety risk of these products
throughout their lifecycle. As many factors and complexities
are involved in the generation of NDMA, further research
is required to understand the process completely. Currently,
we are performing an in-depth analysis of the mechanism of
NDMA formation by focusing on the self-decomposition of
ranitidine.
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Abstract

From the aerial part of Sambucus chinensis, a new megastigmane glucoside (1) was isolated, together
with seven known compounds. The structure of compound 1 was elucidated by spectroscopic analysis
together with the application of the modified Mosher’s method to be (35,5R,6S,9R)-megastigman-5,6-
epoxy-3,9-diol 9-O-p-D-glucopyranoside. The structure of a closely related compound, sammangaoside
B, has been reinvestigated, and it was assigned as (3S, 5R, 6S, 9S)-megastigman-5,6-epoxy-3,9-diol 9-O-
B-D-glucopyranoside. Therefore, compound 1 is a new compound from nature.

Keywords: Sambucus chinensis, Adoxaceae, megastigmane, absolute structure

Introduction

Sambucus chinensis (Adoxaceae) is a perennial herb of 1 m to 2 m in height that grows in
Japan, Taiwan, and China ™. It is a component of a Chinese traditional formula that is
expected to cure wounds and throbbing pain. However, its phytochemical investigation is quite
limited. The aerial part of S. chinensis was collected on Okinawa Island, and the constituents
in the 1-BuOH-soluble fraction were investigated. A new compound, megastigman-5,6-epoxy-
3,9-diol 9-O-p-D-glucopyranoside (1), was isolated, along with seven known compounds (Fig.
1), and this paper deals with the structure elucidation of 1, including its absolute
stereochemistry. Known compounds were spectroscopically identified as (6R,7E,9R)-
megastigma-4,7-dien-9-ol O-4-D-glucopyranoside (2) @, (6R,7E,9R)-megastigman-3-on-9-ol
O-a-L-arabinopyranosyl (1"—6")-8-D-glucopyranoside (3) [l citroside B (4) M,
actindioionoside (5) [, prunasin (6) [, lucumin (7) "1, and demethylalangiside (8) .

Results and Discussion

From the 1-BuOH-soluble fraction of the MeOH extract of the aerial part of Sambucus
chinensis, a new megastigmane glucoside (1), together with seven known compounds (2-8),
was isolated using various kinds of chromatographic techniques. This paper deals with the
structural elucidation of compound 1.

Compound 1, [a]2[)5—37.6, was isolated as an amorphous powder, and its elemental
composition was determined to Ci9H3405 by HR-ESI MS. A broad band at 3395 cm~' shown
in the IR spectrum indicated that 1 is a glycosidic compound. A set of six typical signals
attributable to those of glucopyranose was observed in the 3C-NMR spectrum, and the
remaining 13 signals comprised four methyls, four methylenes, two methines bearing an
oxygen atom, two oxygenated tertiary carbons and one quaternary carbon. The numbers of
carbon atoms and these functionalities were suggestive that 1 was a megastigmane derivative.
The three degrees of unsaturation demanded one more cyclic system besides a six-membered
ring and a sugar moiety. The third cyclic system was assumed to be an epoxide ring from two
oxygenated tertiary carbons that are frequently found in the megastigmane skeleton, and the
'H-'H COSY and HMBC correlations shown in Fig. 2 supported the assumption. Enzymatic
hydrolysis of 1 gave a rearranged aglycone (1a) and D-glucose. The aglycone must have two
ring systems from the results of HR-MS (C13H,403), and the **C-NMR chemical shifts of C-5
(6c 67.7) and C-6 (dc 71.3) were drastically shifted downfield at dc 78.9 and 90.9 (Table 1). A
closely related megastigmane glucoside was isolated from Scorodocarpus bornenensis as
scorospiroside 1.
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13C-NMR chemical shifts of scorospiroside at C-5 and C-6
were reported as dc 77.4 and 90.2, which are close to those of
1a, although NMR was run in a different solvent (pyridine-
ds). Two-dimensional NMR diagnosis in Fig. 3 (*H-*H COSY
and HMBC) confirmed the structure, and the modified
Mosher’s method (Fig. 4) revealed la had the 3S
configuration %1, By the phase-sensitive NOESY correlation
between H-9 and Hs-13, the configuration at the 9-position
was determined to be R (Fig. 5). Therefore, the structure of 1
was elucidated to be as shown in Fig. 1. The same structure
was proposed as sammangaoside B (9), isolated from
Clerodendrum inerme ('Y, The structure of sammangaoside B
was determined by comparison of NMR with reported data [**

141, The same compound (9) was also isolated from Tricalysia HO
dubia 2, and the configuration at the 9-postion was revised ™M
to be S, as shown 10 in Fig. 1. NMR data of 1 and 9 showed “OR N g

some discrepancy, especially at C-6 through C-10 and C-1'
(Table 1). Compound 1 must have a different structure from
sammangaoside B, as shown in Fig. 1.

Botanical safety handbook says that American and European
elders, S. canadensis and S. nigra, respectively, contain oaGle
cyanogenic glycosides, ingestion of which may cause
vomiting or severe diarrhea (%, Since more than 2 g of a
cyanogenic glucoside, purnasin, was isolated from 5.45 kg of
the title plant, the actual content of cyanogenic glycosides
must be much higher than the amount isolated, and usage of
this plant is recommended with care. Fig 1: The structures of compounds isolated and sammangaoside b.
The monoterpene indole alkaloid glucoside 88alangiside is a
characteristic compound of alangiaceous plants [1& 171,
Isolation of demethylalangiside (8) implies that Adoxaceae
and Alangiaceae have some genetic relationship.

- & Glc .
7 Gloie' Xyl 3

DGl
Gle: fo-Glucapyranosyl
Aral o-L-Arabinopyranosyl
Xyl: fD-Xylopyranosyl

Table 1: NMR Spectroscopic Data for Compounds 1 and 1a, and
Sammangaoside B (10) (C: 100 Hz; H: 400 MHz, CDs0D).

1 la 102
C H C H
36.7 - 402 - 36.6
2 493 1170 470 139ddd12, 4,2 493
147ddd 13,3,2 1.55dd 12, 12
645 363m 653 398dddl2.5.3 644 Fig 2: Diagnostic *H-'H COSY and HMBC correlations of 1
4 426 1.60dd 14,9 469 171dd12 11 426
222ddd 14,5,2 1.80ddd 12,5, 2 F-2
5 677 - 789 - 67.4 / \ -
6 713 - 909 - 70.8 H c
HMBC
7 278 1.75m 281 1914dt12.2 279
1.85m 211m 1H-1H cosy
g8 352 1722Hm 364 147d110.2 344 |
202m HO"
9 765 38m 78.0 4.10dq10.6 77.8
10200 1203Hd6 22 L9346 218 Fig 3: H-'H COSY and HMBC correlations of 1a
11 296 1.173Hs 263 1193Hs 295
12 259 1.043H s 291 00983Hs 259
13 213 1373Hs 279 1173Hs 213 4-0'005
1" 102.7 4304d8 103.8 ‘;"
2" 753 312dd9.8 753
3 783 324m 782
4 720 324m 717
S 779 324m 778 MTPAO
6 630 36444126 62.8 0119 = 7 +0.024
3.84 dd 12,2 +0.083 -0.022 OH
o: overlapped signal.
aData were taken from Ref. 11 and 12. Fig 4: The results of the modified Mosher’s method of la (Ads- dr)
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Fig 5: Phase-sensitive NOESY correlations of la

Experimental

General experimental procedure

Optical rotations were measured on a JASCO P-1030 digital
polarimeter. IR spectrum was measured on Horiba FT-710.
'H- and ®C-NMR spectra were taken on a JEOL INM a-400
spectrometer at 400 MHz and 100 MHz with
tetramethylsilane as an internal standard. Positive-ion HR-
ESI-MS was performed with an Applied Biosystems QSTAR
XL NanoSpray TM System.

A highly-porous synthetic resin (Diaion HP-20) was
purchased from Mitsubishi Chemical Corporation (Tokyo,
Japan). Silica gel column chromatography (CC) was
performed on silica gel 60 (E. Merck, Darmstadt, Germany),
and ODS open CC on Cosmosil 75C15-OPN (Nacalai Tesque,
Kyoto) [@ = 50 mm, L = 20 cm, linear gradient: MeOH-H,0
(19,1 L) — (1:1, 500 mL) — (7:1, 500 mL), fractions of 10
g being collected]. The DCCC (Tokyo Rikakikai, Tokyo,
Japan) was equipped with 500 glass columns (@ =2 mm, L =
40 cm), the lower and upper layers of a solvent mixture of
CHCl3-MeOH-H,0-1-PrOH (9:12:8:2) being used as the
stationary and mobile phases, respectively. Five-gram
fractions were collected and numbered according to their
order of elution with the mobile phase. HPLC was performed
on an ODS column (Inertsil; GL Science, Tokyo, Japan; @ =
6 mm, L =25 cm, 1.6 mL/min), and the eluate was monitored
with UV (254 nm) and refractive index monitors. B-
Glucosidase from almond was purchased from Wako Pure
Chemical Industries, Ltd (Osaka, Japan) and crude
hesperidinase was a generous gift from Tanabe
Pharmaceutical Co., Ltd. (Osaka, Japan).

Plant material

Aerial parts of S. chinensis were collected in Motobu-cho,
Kunigami-gun Okinawa and a voucher specimen was
deposited in the Herbarium of Faculty of Pharmaceutical
Sciences, Graduate School of Biomedical and Health
Sciences, Hiroshima University (03-SC-Okinawa-0701).

Extraction and isolation

Aerial parts of S. chinensis (5.45 kg) were extracted three
times with MeOH (30 L x 3) at room temperature for one
week and then concentrated to 3 L in vacuo. The concentrated
extract was washed with n-hexane (3 L, 77.1 g), and then, the
MeOH layer was concentrated to a gummy mass. The latter
was suspended in H2O (3 L) and extracted with EtOAc (3 L)
to give 172 g of an EtOAc-soluble fraction. The aqueous layer
was extracted with 1-BuOH (3 L) to give a 1-BuOH-soluble
fraction (114 g), and the remaining H.O-layer was
concentrated to furnish 582 g of a H,O -soluble fraction. The
1-BuOH-soluble fraction (119 g) was subjected to a Diaion
HP-20 CC (@ =60 mm, L =55 cm), using H,O-MeOH (4:1, 2
L), (3:2,4 L), (2:3,4 L), and (1:4, 4 L), and MeOH (4 L),
with 1 L fractions being collected. The residue (26.0 g) in
fractions 4-7 of the 2040 % MeOH eluent was subjected to
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silica gel (@ =60 mm, L = 46 cm) CC and elution with CHCl;
(2 L), CHCIs-MeOH [(99:1, 4 L), (97:3, 4 L), (19:1, 4 L),
(37:3,4 L), (9:1,4L), (7:1,4 L), (41,4 L), and (7:3, 3 L)],
and MeOH (2 L), with 500 mL fractions being collected. The
residue (2.04 g out of 4.07) in fractions 39—45 of the 10-12.5
% MeOH eluate was separated by ODS open CC. From
fractions 68-95, 1.17 g of 6 was obtained. The residue (63.5
mg) in fractions 96-112 was purified by HPLC (MeOH-H:0,
3:7) to give 3.5 mg of 1 from the peak at 20 min. The residue
(2.51 @) in fractions 4651, obtained on silica gel CC, was
subjected ODS open CC and the residue (370 mg) in fractions
95—113 was purified by DCCC to give a residue (16.9 mg) in
fractions 51-57, which was finally purified by HPLC
(MeOH-H,0, 3:7) to afford further amount of 1 (2.8 mg) from
the peak at 20 min. The residue (2.49 g out of 4.12 g) in
fractions 52-63, obtained on silica gel CC, was applied to
ODS open CC to give a residue (107 mg) in fractions
148-159, which was then purified by DCCC to yield 52.0 mg
of 8 and 24.7 mg of 3 in fractions 33-42 and 43-51,
respectively. The residue (2.00 g) in fractions 64—76, obtained
on silica gel CC was subjected ODS open CC. The residue
(256 mg) in fractions 59-68 was applied to DCCC to give a
residue (45.9 mg) in fractions 13—16 which was purified by
HPLC (MeOH-H.0, 3:7) to give 18.9 mg of 5 from the peak
at 10 min. The residue (222 mg) fractions 69—78 was
subjected to DCCC to give a residue (48.2 mg) in fractions
21-26 which was finally purified by HPLC (MeOH-H-0, 3:7)
to give 3.2 mg of 7 from the peak at 23 min.

The residue (21.0 g) in fractions 8—12 of the 40-60 % MeOH
eluent, obtained on Diaion HP-20 CC was separated by silica
gel CC (@ =60 mm, L = 46 cm) CC and elution with CHCI;
(2 L), CHCIs-MeOH [(99:1, 4 L), (97:3, 4 L), (19:1, 4 L),
(37:3,4L), (9:1,4 L), (7:1,4L), (41,4 L), and (7:3, 3 L)],
and MeOH (2 L), with 500 mL fractions being collected. The
residue (2.60 g) in fractions 3845 was applied to ODS open
CC and the residue (227 mg) thus obtained in fractions
141-151 was purified by DCCC to give 5.5 mg of 2 in
fractions 94-96. The residue (2.62 g) in fractions 46—-52 was
similarly subjected to ODS open CC and the residue (311 mg)
in fractions 127-139 was purified by DCCC to give 139 mg
of 4 in fractions 30—40.

Compound 1 Amorphous powder, [oc]z[)5 -37.6 (¢ 0.17,

MeOH); IR vmax (film) cm™': 3395, 2929, 1455, 1385, 1078,
1036, 896; *H-NMR (400 MHz, CD30D): Table 1; *C-NMR
(100 MHz, CDsOD: Table 1; NMR: HR-ESI-MS (positive-
ion mode) m/z: 413.2150 [M+Na]* (Calcd for CigH340sNa:
413.2145).

Enzymatic hydrolysis of 1

Compound 1 (5.3 mg) was hydrolyzed with 7.2 mg of -
Glucosidase in 2 mL of H,O at 37 °C for 2 h and then 5 mg of
crude hesperidinase was added. After 18 h, the reaction
mixture was evaporated and subjected column CC (silica gel,
20 g) with CHI; (100 mL), CHCIs-MeOH (19:1, 100 mL),
CHClIs-MeOH (9:1, 100 mL), CHCI3-MeOH (17:3, 100 mL)
and CHCI3-MeOH (7:3, 100 mL), 12-mL fractions being
corrected. Aglycone 1a (1.8 mg) and D-glucose (4.3 mg) were
recovered in fractions 17-22 and 33-42, respectively.

Aglycone la: Amorphous powder, [a]2[§ -15.6 (¢ 0.12,
MeOH); *H-NMR (400 MHz, CD30D): ¢ 0.89 (3H, s, Hs-12),
1.17 (3H, s, H3-13), 1.187 (3H, d, J = 6 Hz, Hs-10), 1.191
(3H, s, Hz-11), 1.39 (1H, ddd, J = 2, 4, 12 Hz, H-2eq), 1.47
(1H, ddd, J = 2, 10, 10 Hz, H-8a), 1.55 (1H, dd, J = 12, 12
Hz, H-2ax), 1.71 (1H, dd, J = 11, 12 Hz, H-4ax), 1.80 (1H,
ddd, J =2, 5, 12 Hz, H-4eq), 1.91 (1H, ddd, J = 2, 12, 12 Hz,
H-7a), 2.02 (1H, m, H-8b), 2.11 (1H, m, H-7b), 3.98 (1H,
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ddd, J = 3, 5, 12 Hz, H-3), 4.10 (1H, qd, J = 6, 10 Hz, H-9);
13C-NMR (100 MHz, CD30D): & 21.2 (C-10), 26.3 C-11),
27.9 (C-13), 28.1 (C-7), 29.1 (C-12), 36.4 (C-8), 40.2 (C-1),
46.9 (C-4), 47.0 (C-2), 65.3 (C-3), 78.0 (C-9), 78.9 (C-5),
90.9 (C-6); HR-ESI-MS (positive-ion mode) m/z: 251.1627
[M+Na]+ (Calcd for C13H,403Na: 2511617)

D-glucose: [G]ZDS +35.7 (¢ 0.29, H,0, after being dissolved in
the solvent).

Preparation of (R)-and (S)-MTPA esters (1b and 1c) from
la

A solution of 1a (0.8 mg) in 1 mL of dry CHCl, were reacted
with  (R)-a-methoxy-a-trifluoromethylphenylacetic ~ acid
(MTPA) (27 mg) in the presence of 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC) (18
mg) and N,N-dimethyl-4-aminopyridine (4-DMAP) (12 mg).
The mixture was then occasionally stirred at room
temperature for 45 min. After the addition of CHCI; (1.5 mL),
the reaction mixture was successively washed with H,O (1
mL), 4 M HCI (1 mL), NaHCOs-saturated H,O (1 mL), and
brine (1 mL). The organic layer was dried with Na;SO4 and
evaporated under reduced pressure. The residue was purified
by preparative TLC [silica gel (0.25 mm thickness), being
applied for 8 cm width, with development with CHCl:-MeOH
(9: 1) for 9 cm and then eluting with CHCIl3-MeOH (1: 1)] to
furnish an ester 1b (0.5 mg) from the band at Rf = 0.67.
Through the same procedure, 1c (0.1 mg, Rf = 0.59) were
prepared from la (1.0 mg) using (S)-MTPA (42 mg), EDC
(18 mg), and 4-DMAP (12 mg), respectively.

(R)-MTPA ester of 1a (1b): Amorphous powder, *H-NMR
(400 MHz, CDCls): 8 0.92 (3H, s, H3-12), 1.19 (3H,d, J=6
Hz, Hs-10), 1.21 (3H, s, H3-13), 1.27 (3H, s, H3-11), 1.60 (1H,
ddd, J = 2, 4, 12 Hz, H-2eq), 1.81 (1H, dd, J = 12, 12 Hz, H-
2ax), 1.85 (1H, ddd, J = 2, 5, 12 Hz, H-4eq), 1.93 (1H, dd, J =
12, 12 Hz, H-4ax), 3.56 (3H, g, J = 1 Hz, -OCHj3), 4.09 (1H,
m, H-9), 5.44 (1H, m, H-3), 7.39-7.41 (3H, m, aromatic
protons), 7.51-7.55 (2H, m, aromatic protons); HR-ESI-MS
(positive-ion mode) m/z: 467.2011 [M+Na]* (Calcd for
Cao3H310sF3Na: 467.2015).

(S)-MTPA ester of 1la (1c): Amorphous powder. *H-NMR
(400 MHz, CDCls): 6 0.90 (3H, s, H3-13), 1.20 (3H,d, J=6
Hz, H3-10), 1.23 (3H, s, Hz-13), 1.26 (3H, s, Hz-11), 1.53 (1H,
ddd, J =2, 4, 12 Hz, H-2eq), 1.73 (1H, dd, J = 12, 12 Hz, H-
2ax), 1.93 (1H, ddd, J = 2, 5, 12 Hz, H-4eq), 2.05 (1H, dd, J =
12, 12 Hz, H-4ax), 3.55 (3H, g, J = 1 Hz, -OCHjs), 4.09 (1H,
m, H-9), 543 (1H, m, H-3), 7.39-7.41 (3H, m, aromatic
protons), 7.52-7.55 (2H, m, aromatic protons); HR-ESI-MS
(positive-ion mode) m/z: 467.2023 [M+Na]*(Calcd for
Co3H310sF3Na: 467.2015).
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