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DMSO-ds : deuterated dimethyl sulfoxide

CDsOD : deuterated methanol

DSS-ds : sodium 3-(trimethylsilyl)-1-propane-1,1,2,2,3,3-ds-sulfonate
MeOH : methanol

EtOH : ethanol

EtOAc : ethyl acetate

CH3CN : acetonitrile

"H NMR : proton nuclear magnetic resonance

3C NMR : carbon-13 nuclear magnetic resonance
gHNMR : quantitative 'H nuclear magnetic resonance
® : NMR chemical sift (ppm)

J : coupling constant

s : singlet

d : doublet

dd : double doublet

ddd : double double doublet

dt : doubile triplet

t : triplet

m : multiplet

br s : broad singlet

HMBC : heteronuclear multiple bond coherence
HPLC : high performance liquid chromatography
MPLC : medium pressure liquid chromatography
ODS : octadecylsilyl

LC-MS : liquid chromatography-mass spectrometry
HRFABMS : high resolution fast atom bombardment mass spectrometry
IT-TOF : ion trap time-of-flight

Fr. : fraction
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ARFIPECAARREORT VT OELY TEL DOHEH SN TEZEYTHY . 20
JESIE T LB A D[], AROFHIIZIEICH2) . BfEE T, HEHEM 2020 R[2]
(21% 616 FREEO ARG S, BB\ B AR IF[BICIE 157 FH o 4 K8 gk &
T, BARERFICEDE, AL TEEYOIER &3 555, MENEY, 5w
Wy, W XXM ETH D) EERINTEVI[B, 20 L5 FEEHI AR D
LIFONORIRMTH D, > T, AFEOMEZ —EITHRDZ LITMEFARIEL T
IHICNEETH D, EEKOMEITHEL RITTEERERNLE LT, UFBbIFoN5,

1) [Fl40 560 e IR BL[4]

{BREE T IERR % 2250k - WRIRDAFAE L, #g o 7o FHEY Th > TH R UAEREL T
AVWBENTWEEAERHD, TOEABEOENIBRAELRV TR, BROFR4L EY
WO EZSI SR LTWD, £D7d, il LTV D AEKOPIZITHIFT 3 REL L T
WOLDNRD D, —J7. FARMIAEREEET 55, TRbbR MR E &A%
ERICAHCHEAT D HEL AT ZELTED, (6o, A4EDIH T 5 EFMY
DRNRED FRFEEZ G2 Z L BB ETH D,

2) FEML, BEFE. R BRELOZARNE[S]

BUE, AFEORFEHIES M EAEROB AR HNLNTWD, TN 6 DOFEMITZLERT
DT, EERONEIL, ZOEMOMBAER, THER, K OVKREERZR EO
ABBRBEOEWIC LY KE RS, FEHESRORE HIE bR & HIEOREIZ L > T
B Hi2h, ZOBEWHBAEEOMEICRESEET D, S5, EEREROGHMS O
GROBVNHAEOWEICEELEZ D LNRBEZ LMD,

3) UL DI T. - FHRIED S kR

JEEHESR DL IF, INHERR BEE T, WEig. Wi ROMETR OB E S h
%5, ER &I, #hE - RIER O L LEZRER O - WEZBE LT, Hixaleds
HIC L 0B, 870 E OFEN RS 5 Z & TH H[6). EIEDITIEICITME (1,
K. M AKE) LD bONEL[T]. BEEDOEDTHHELEZ D ENEZLND,

ik ofE 2 OERITFEVERO WEICH L TEEEZ 525 L E2 0N M5, &
SEAE RIS IE, AFEOMEREEE OMELO ., R R E O B S & FEM) L4
TR D E B A M A S DR TEMERIIC AW ONTE (2, 3, LL. TR
TR, PRI E OFRERHfE T <L BBRITIKFEL TR Y. v, £ D5EIR,
Wl N4 EETHDOHTHD, EFRIIZHNFZEMTHDLI2D, TOREE 1 DD
HETRABICHHIIT 5 Z LIXTE AV, O, BRICH o 7oA KO SR O B %
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LB NEBREL oo T 5D,

W, T TEDS R & & bIThkx Iefds o7 —# (HPLC. LC-MS K& U* 'H NMR
5 LB EEMNT A E DT AEID A Z R a — AR PEAIITDND L9k
TW5, ZOHEX, X X OEER S & BERICIIT T 5 Z ERAfRETH Y, 7
N—T DA TRy DR E DI R Z I IWEME ORI L 70 57 — 2 255 2 LR
Tx5[8], LML, Z#E TOHPLCIER LC-MSIEITHIERNROIEMEIRE LT- 4 —
Ty NaWETH D, ZTDD, TNODOGNT —% L 2R ERITE ARG DY A X
R — DRI K o THEE O BRI K 5 ARy DB & @RI 2 5 2 & ITREE
ZEMBHD, IDHIT. ZOFIEZ, SITCET IRRAR V., AEREHEOERERZ
LORENDD, —H, HTETHD HNMR ET ) ¥ =7 MOFTETH O . 16k
15D HPLC X° LC-MS {5 & it LT, AR BEDOME &N 720 S TR 23 R L e
SNDH. HOKFEE S AW EMRIICHRE TE DR EDOFIRER > Td, SHIC
FIANTT M, AV UEE B, B2 B SISO TRy O 2B
HIEHREGD ZENTE D, [9]

L)L, ZNETOHRETIE. NMR A ¥ An—AMEICB I ERZ2HTLT L%
9 ZEEMEHTICB W TIE, NMR JIEE &7 —F ORTEREICE L TR S b FE L
TW5, @, ZEEMTOTFIRIL, & T VDAY MLvENTy MERTHZ L
T—4 < Y v 7 ZAOMERL, T— % ORMLEL, Z U TEERMNT &V RS — T
HDM0l, 205, T—H~ ) w7 ADbH E LD NMR A7 MLORIEIZH T -
Ti, @HED 'H NMR % 72 514[11-13], &8 'H NMR (qgHNMR) 22 kL5 —
B % T J71E[14-16]0 2 S8 ST 5, gHNMR (3, RSt 2 B & L7z H
NMR XV &3 7 FANERITHRITE D X O ICHREOIEMEZ R LSS HETHD,
¥, T X OHBCET HBEFEORE L L LT, BOEORIE —EEIc A
L0 E, 15, 17]. WNIEEMEME O 7 F IV ORENEE b S 2K 7T o7 > s
A BT B J5TE[14, 16, 18] HE ST b, ERROkk A 2 &FIC L 5B CTHE S
N7 =2~ ) w7 RAFLERMIT ORI ELE 2D 2 LR END, LaL,
INDHDHIED DB, EOQFIENSEBMITIZ LV L TV DM HOWN T OFEMR RS
IR IN TRV, & UITAEFED A Z R u — LMEFTIZEHEV T, NMR 7 — % OFTLERED
LI BT DFERIC KT T HEL M LT ETH D, 6> T, NMRIZE D A XK

02— DEIT I SN TWRWEF H 2 &N TE D,

U EDOEEEEE 2, AFETIE. NMR X ¥R o — koM L sHE B E LT,
BHFFEEIZIB W TEIS - CRIREE L7238 & B NMR A Z R v — Mgl 217 -
oo ABFFRITAEKOBIEEH 2 K& B E LT,

—ETIZ, NMR A Z AR n—AEOMNAZ HINE LT, UIEEICHW GEiR 7T



JiZRIE L, fERIETEH D HPLC & LC-MS % FWVW TR AN & 23 S AU7= 73K [19—
2T WAL LT, k7 un7 74 Vv 7 L SERMNE1To 7, —k#EmT
FTIERL<, IERETIHEELRRNETH > 72— RIHEDIZ OV TS H NMR EZ2 W
THENT L. & OFER & 115D HPLC JEIZ L AR5 F % i LT H NMR E0 A A%
AEL7Z, 512, B2 5 NMREIESE ('H NMR & gHNMR) KO 72 57— Z OREiTL
HEEZHWTET LV EZZNENIHER L, OB EMTHRER A T 52 & T, ~j3E
D NMR A Z R —LiEZier Uiz, [22]

HETIE, BTETHESLL7-NMR A Z AR u — AEOISH 2 BE9E LT, ki i
DIERDRIAEN DB O 7T m 7 74 ) v 7 e BB Z2ToT2, H—REILE
WCHESE L= FEZ AW CHRIR, PEM R OVIN T « FRSEDS 22 2 5 el 2 gk L. 1Esk
@ HPLC £ & M AE o T HERL Sy & IRy & MR 08T Lz, [23]

UFIZE DMz S,



A

% 1 3 NMR AZ R —LEORESL AR ORD T a7 7 AV T L 25 BfRNT

AARIZIBNT, AT - RIS L TR b EEREEKDO—D>TH V [24], —H/H
BEITAST DK 3 43D 1 OIFICEA ST\ 5[25], [ +H/\kiE AARRFG] (20T,
RjEIIAR & Bl (Paeoniaceae) D % 7 ¥~ (Paeonia lactiflora Pallas) DR % Fifl L
b0 THY, EEEW TH D paeoniflorin 2 2.0%LL E&Te L HHESNTWH[3], H
RIZET DA FEOERME A EITH 1712 t (50 2 ) TH L. AARERNEOEH] &
TZEDSBLDODTN 40 t THY, FRVITTEEANIETH D26, T72P0H, AKICEN
THE SN TWAAERO KIS/ IEPED S OBAICHEH > T\ D Z Ll b, BUEOHE
TiE, BAFEE - SR L LT S 4L, FATIE., P8R R EoMR1BH Y . I~
ATIIE MR, B IER DI 2 Ff > T 5[27], [ A RSEfEZEM 2020 i) 12
BWTIE, ART P lactiflora Z 57 & U, Hl L LIc&ICKzREL, 3R EV#
WAL Licb o & ST Y, RAIX P lactiflora 3 % MX P veitchii ORzig L 724 T
bHERESN TSR, ANBTEICLEE LHLERETHREIATWDS, P
lactiflora 7} & 3 2 RNIENE T BIRK K OHALHTT . P veitchii % 55 & 3 2 77751
P K O b G I 2B AEMTH D, —J7. BARTIIRITAR &R Z KB L T
WR 28], BIfE, AARDOHIZICH W TIE, AAREAHK L PEPEATHENRE L TV 5,
ZORAANSmAERIE, TEETH > Th, AARDEEIWE> T LESND 2D, Fif
DOREFED ARJRFA LIZRB S D, > T, AARTHIBEL TWDHSEMORHE (B
ARPERTFE & RIEFERTFE) 1L, PETE THiE L TWD ARRRA] & KT 5 %ER1H 5,
AARTSGMORNFEIL, L - B K> TE BIcER], AR, AT ER3ED 3 FE
BT onsd, BNITREVRICEGELLELOTHS UNL - REESARN EFRL),
ETFRFEEITHEVRIZAETLLELD TH D, KA EAFEOMT - JHREIZE T & 0
FEEATFLLEBOTHY ., B TR LWV AREL TR RINTWNDLZ b H D,
HARPEATRIZ IRy GRBIR, FofLR) . RER, duifpds & TdEsh T g,
KT DGR AT OFEE, IMTIZHE LT 0, s TiL TRFATHE] & rEEi,
i B R < Rl STV 5 [28], NJEEO A FEF O & Table 1-1 12F & o7z,

PLbED Z Lint | REIBARRREY) PEHL, BEE & B OB R OUUHER O - 5k
INSRRCIHEIEMETHD 2 ENDND, 6o T, NEEOFNTHEREE 2 HH > T
DH NG 7 BBRNCEHE T 2 2 &MU ETH D, NFRITITFEER S Th S pinane 11
% 1> monoterpenes (212 T, 1EH>® terpenoids <° flavonoids, phenols 73 & £ TH
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V. INOORSIITREE. FUREIRFE. kb, U7 Love— PukEE. S O8Um
R EOEREZ H O ERHE I TVWH[29-35], UHFFE=IT. [ U P lactiflora % JJR &
T2 AR LR, B FEAIN RS 72T Tldle < ALFERGHLIC HIEVWRH D =
& MO P veitchii HRDIRA] & 63EH ZEZW LML TE[19], SHIZ, 15@Y O
T - FHAEIT 7= P lactiflora DIRIZOW T EE R 8 il EER L, ME~DFELH
LML T&E72[20], MZ T, LCMS ZHW =ikt e 8 P lactiflora DFEs5h . BN,
FEDIRHT 24TV, HARPEATFE, PEPED BN EHRAI, P lactiflora O%F A & 335 dh D)
W EBH BN L TEL21], AETIE, HEREICTEW TR R TR % [ E
U 7o i an AT O — A E & —RIGETEM 2 TH NMR A & 7R v — Ak e FIV Tig
HrLiz, ZOBRTIE, 55N NTR R 2 WERIEDOR R & g U, FIEOZ Y2 MEE
L. FEOK#ELZ X -~ 72[22],

F

Table 1-1 Peony root used in China and Japan

Chinese market products Handling process Japanese market products
Producing  Botanical . . . Botanical Producing
area origin Type Peeling  Boiling Drying Type origin area
China White peony root Shinshaku Japan
P. lactifl e i P. lactifl
actiflora (WPR, 1) (@) (@) (@) () actiflora o
Kiboshi-shakuyaku )
_ -7 China
© © (T L)
Red prony root o Kawatsuki-shakuyaku
(RPR, 777) (GERRISE )
P veitchii Red prony root o _ _

(RPR, 777j)




1.1 #08t& 5tk

1.1.1 A 3K L MR

HE CUNEE L 72 R Y P lactiflora Td> 2 AN 10 #fk, B AT 14 ik (A+
RJHE  AARPEATEE O Mk, ERERTER 5 K) . AR T RO A 31 Bk, LR 3
P. veitchii T 2775 5 ik Z iz, AMFZETIE, FETSHEO BAZ WPR (White
peonyroot) . 77Aj% RPR (Red peonyroot) & L. HARMELDORHAL PR (Peony root)
ERFT %, UHIRETIE N6 OREEOBIS A A 7% niDNA ITS o —7 o AT ©
BfElc L, BEICRIEL CTW5b (Table 1-2) [19],

RIFEONT. « RBHEDE O L D sucrose DEEDENEFHRD 72O, FINT - 7
BHEZ L2 3MEERE L, ARl 12 RIKOHWA E 2 V- (Table 1-3), ZHUHIEE
IWIRSE R E % — CHEE STz P lactiflora 3R E 35 4 FEDY v 7 ¥

(HER] DR THY . 2013 4 10 AU STz, BRIKHIOIE D D& Z K/ NRICHZ
L7, REOFELILI-Zb o (EEE1.5-20cm) O, #ELE L72[20],

2T OAEFIEARITE (LR FRE E S PRt REE G BHE (TMPW) (2R 77 S
NTND,

1.1.2 IR EY

'H NMR A~7 MUZEWT, NERICEENDRTZFRET D202, 18 O
monoterpene & TR O MK K 2 FH L 7=, /L& % paeoniflorol (1) [34], 4-
hydroxypaeoniflorigenone (2) [34]. 4-epi-albiflorin (3) [34]. paeonivayin (5) [36]. 4-O-
methyl-paeoniflorin (7) [37]. salicylpaeoniflorin (8) [38]. benzoylpaeoniflorin (9) [39].
mudanpioside C (10) [40]. galloylpaeoniflorin (11) [41]. mudanpioside J (12) [42].
oxypaeoniflorin (13) [43]. benzoyloxypaeoniflorin (14) [40]. paeonidanin E (15) [29].
lactiflorin (16) [44]. /& U° mudanpioside E (17) [45]iZ 4 MFFEEIZFBWVTHRATD D12N

(TMPW No0.27967) & P, lactiflora @ 57 ST8N 7> 5 BiEf L 7=, {b-&% albiflorin (4) [46].
paeoniflorin (6) [46]. catechin (19) [47]. paeonol (20) [43]. methyl gallate (23) [43].
quercetin (24) [48]. KX D-glucose (27) [49]iXFnyetipk At BEA L, 1,2,3,4,6-
penta-O-galloyl-B-D-glucose (PGG, 18) [50]. benzoic acid (21) [51]. gallic acid (22) [43].
KO8 sucrose (26) [52)iLF 1 7 A4 T A7 RS bEA L, LAY sulfonated
paeoniflorin (25) [53[iX iR DA 6 N HFE LT, KbLEWOHEERXAL Fig. 1-1 1R
R



Table 1-2 Crude drug samples in this study

Original plant Drug name Code no. TMPW no. Producing area Obtained from Identity*  Handling Process Collection date

WPR produced in China  P. lactiflora WPR D1 25071 Bozhou, Anhui, China Bozhou, Anhui, China WPR-PL Peeling, boiling & drying (sulfur fumigation) 2006-05-02
WPR D2 25072 Bozhou, Anhui, China Bozhou, Anhui, China WPR-PL Peeling, boiling & drying 2006-05-02

WPR D3 25244 Bozhou, Anhui, China Bozhou, Anhui, China WPR-PL Peeling, boiling & drying (sulfur fumigation) 2006-10-17

WPR D4 25820 Zhongjiang, Sichuan, China Jihuang, Zhongjiang, Sichuan, China WPR-PL Peeling, boiling & drying 2002-09-23

WPR D17 25073 Bozhou, Anhui, China Bozhou, Anhui, China WPR-PL Peeling, boiling & drying (sulfur fumigation) 2006-05-02

WPR D18 25973 Zhejiang, China Cenxi, Guangxi, China WPR-PL Peeling, boiling & drying (sulfur fumigation) 2008-09-06

WPR D22 26974 Hangzhou, Zhejiang, China Hohhot, Inner Mongolia, China WPR-PL Peeling, boiling & drying (sulfur fumigation) 2010-10-13

WPR D23 26975 Anhui, China Hohhot, Inner Mongolia, China WPR-PL Peeling, boiling & drying (sulfur fumigation) 2010-10-14

WPR D24 26976 Jiangsu, China Hohhot, Inner Mongolia, China WPR-PL Peeling, boiling & drying (sulfur fumigation) 2010-10-16

WPR D29 26620 Pan’an, Zhejiang, China Pan‘an, Zhejiang, China WPR-PL Peeling, boiling & drying 2009-08-05

PR produced in Japan P. lactiflora PR D6 26400 Niigata, Japan Uchida Wakanyaku Co., Ltd., Tokyo, Japan WPR-PL Peeling & drying 2008-10-07
PR (Yamato shakuyaku) D7 25818 Nara, Japan Tochimoto Tenkaido Co., Ltd., Osaka, Japan WPR-PL Peeling & drying 2008-02-14

PR (Yamato shakuyaku) D8 25819 Hokkaido and Nagano, Japan Tochimoto Tenkaido Co., Ltd., Osaka, Japan WPR-PL Peeling & drying 2008-02-14

PR (Yamato shakuyaku) D10 26398 Nara, Japan Tochimoto Tenkaido Co., Ltd., Osaka, Japan WPR-PL Peeling & drying 2008-10-31

PR (Bonten) D50 25834 Toyama, Japan Nara, Japan WPR-PL Peeling & drying 2008-02-15

PR (Bonten) D51 25835 Toyama, Japan Nara, Japan WPR-PL Peeling & drying 2008-02-15

PR (Bonten) D52 25836 Toyama, Japan Nara, Japan WPR-PL Peeling & drying 2008-02-15

PR (Yamato shakuyaku) D9 26107 Nara, Japan Tochimoto Tenkaido Co., Ltd., Osaka, Japan RPR-PL Peeling & drying 2008-10-31

PR (Yamato shakuyaku) D49 27891 Japan Uchida Wakanyaku Co., Ltd., Tokyo, Japan RPR-PL Peeling & drying 2012-09-04

PR produced in China P. lactiflora PR D45 27887 Zhejiang, China Tochimoto Tenkaido Co., Ltd., Osaka, Japan WPR-PL Peeling & drying 2012-09-04
PR D46 27888 Sichuan, China Tochimoto Tenkaido Co., Ltd., Osaka, Japan WPR-PL Peeling & drying 2012-09-04

PR (kawatsuki shakuyaku) D47 27889 Anhui, China Tochimoto Tenkaido Co., Ltd., Osaka, Japan WPR-PL Drying without peeling 2012-09-04

PR D48 27890 Anhui, China Uchida Wakanyaku Co., Ltd., Tokyo, Japan WPR-PL Peeling & drying 2012-09-04

PR D53 27892 China Matsuura Co., Ltd., Nagoya, Japan WPR-PL Peeling & drying 2012-10-04

RPR produced in China P. lactiflora RPR D12N 27967 Inner Mongolia, China Chifeng, Inner Mongolia, China RPR-PL Drying without peeling 2013-10-30
RPR D12 21565 Inner Mongolia, China Chifeng, Inner Mongolia, China RPR-PL Drying without peeling 2002-09-14

RPR D13 25047 Inner Mongolia, China Bozhou, Anhui, China RPR-PL Drying without peeling 2006-05-01

RPR D14 26401 China Uchida Wakanyaku Co., Ltd., Tokyo, Japan RPR-PL Drying without peeling 2008-10-07

RPR D15 26406 Inner Mongolia, China Tochimoto Tenkaido Co., Ltd., Osaka, Japan RPR-PL Drying without peeling 2008-10-16

RPR D54 27893 China Matsuura Co., Ltd., Nagoya, Japan RPR-PL Drying without peeling 2012-10-04

RPR D16 25974 Sichuan, China Cenxi, Guangxi, China WPR-PL Drying without peeling (sulfur fumigation) 2008-09-06

P. veitchii RPR D11 17304 Ganzi, Sichuan, China Ganzi, Sichuan, China RPR-PV Drying without peeling 1996-07-11

RPR DS-1 16306 Sichuan, China Hehuachi, Sichuan, China RPR-PV Drying without peeling 1995-09-17

RPR Ds-5 28405 Aba, Sichuan, China Chengdu, Sichuan, China RPR-PV Drying without peeling 2014-09-22

RPR DsS-6 28396 Lixian, Sichuan, China Lixian, Sichuan, China RPR-PV Drying without peeling 2014-09-22

RPR DS-7 28397 Maerkang, Sichuan, China Lixian, Sichuan, China RPR-PV Drying without peeling 2014-09-22

*: botanical origin of each sample was identified by ITS sequence. WPR-PL indicates WPR-type of P. lactiflora, RPR-PL indicates RPR-type of P. lactiflora, and RPR-PV represents P. veitchii.

8



Table 1-3 Plant samples and post-harvest processing

Plant Code  Handling Process

P. lactiflora (Bonten*)
- Washing and peeling

A - Indoor drying

- Washing, boiling, and peeling
B .

- Indoor drying

- Keeping the sample at 4°C for 37 days
C - Washing and peeling

- Indoor drying

- Keeping the sample at 4°C for 37 days
D - Washing, boiling, and peeling

- Indoor drying

*: one of the Japanese cultivars with medical use.
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Fig. 1-1 Structures of reference standard compounds
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1.1.3 /L&MW EEIZHV /- sulfonated paeoniflorin (25) #Z %5, DFEHHL
SCHRIZ RS S T2 51RICHE - C[54]. 2.9 mg DAY 6 ZFFE L., 4 mL ® NaxS20s 1%
K (10mg/mL) ZMNx., 48 Rt Sz, TD%, I Z HHETE L, EtOH |2/
WL C, TR L72 NaxS20s ik &, w0 B Tz BIE 2 VA Lk, g L7
(Scheme S1-1), FURNIEGWM A ) 7 N7 F 2 (EtOAc /| MeOH 8:2) 1T XV 4y L
(Scheme S1-2), k&4 25 (1.9 mg) #4372, 'H NMR (Table S1-1) & HR-ESI-MS
(m/z 543.1186. calcd for Ca3H27013S 543.1178 [M-H]'. A + 0.8 mmu) 7 — % % SCikfiE
[63] & bt L, i & el L 72,

1.1.4 NMR BIEZ AV 2AT3E 75% EtOH — % 2 DFR Y

AR B % . 300 um OFRIZT T2 R4S 100 mg ZFF&E L, 5 mL @ 75% EtOH
ZMZ., BEW T 30 min il 28EZ 2 R0 IR Uz, 2 B LR, 2ne
#14,000 rpm 10 53 O&IETHOSBEEZ T 72, ZO%, B bhie B2 &b TR
EL, WLz, —oOREHI D E =% 21X 3 EfERK LT,

1.1.5 NMR B iV T2 BUBHER D 7

PAEHERET & L C DSS-de 2l L7=, 49.70 mg ® DSS-ds & F55 (& L, DMSO-
dsZ /% 200 mL(ZA AT 7L (DSS-ds #IRFE : 0.25 mg/mL), WEEHERR & L7c, Wil
L 7= AR RO T A FFTFR U 72 NIENERR 0.7 mL 20N %, S 0EE L, IS d 7z
%, Fi50.65 mL ZH> CRlEHAIR & L7, HIESMHIE TEBROE) 1277,

1.1.6 gHNMR IZ L B EEROD D EER

b&¥ a4 o 751 8y 1.38 ppm (H-10), 6 D 27 F /L &y 5.31 ppm (H-9), 18 D~
F/L &n 6.75 ppm (H-2" and 6"), 25 ® 7} /L dy 5.41 ppm (H-9), k1126 D 7 F/v
o1 5.17 ppm (H-1) Z HWTAHIZE EN D TN HIbEMOEEEZER LT, ZhbDy
T ICHRT DR E 7 b WIEHEME TH % DSS-de D 3 5D A FILILDT
ok (Br—-0.04 ppm, 9H) (THIRT % S 7 FVREAME, 4 TR, EES AR (1) ITRA
L. #tEMOEEEZFHE LT

Iy Hpss My Coss  We
— % X X Phee X 1000 (1
IDSS HX MDSS CEX Wsp DSs ( )

I=Fi5 77 fiEl H=>7"m | 4% M=43F#  C=#¢fZ (mg/mL) X={t&4#  DSS=DSS-d;
We=THANHEE (mg) W =Fiaalbt i (mg) Ppss=DSS-dg i

Content (mg/g) =

Fo. MCICHE SN FEEZZEI[12]. 6 Oy &% HAW T pinane &% H

monoterpene S DL AW DG EE R LT,
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1.1.7 2 E BT

% NMR 7 — % O/ NFESEIEHIO Y 7 v =7 (ALICE2 for Metabolome) %
FAWTHUS L=, S #PEIE 19.00 725-1.00 ppm £ T, 7 v MESOFESEIL 0.02
ppm &% E L7z, DMSO-ds (dn 2.49 ppm, quint), DSS-ds (5n —0.04 ppm, s). HOD (dn
3.16 ppm, s). K&\ ethanol (8n 1.04ppm, t, J=6.9 Hz) IZHIKT 25 o 7 F T st LT,
Fo. CRAEEMICER LTI T 572012, 26 O 7 (8u 5.17 ppm, d, J=3.8
Hz, &4 3.91-3.07 ppm) DR Z R LT, B oi/e N7y MESIX, =7 BicA »
R— b L7ztk, 2 @Y OFETHBILEZITD, T—F~ ) v 7 2A&ER LTIZ, D%,
Mttt 7 b7 =7 (SIMCA-P 14.1) %AW CEE T 21T 7=,

1.1.8 HPLC 544

SIIFTIIZEEHHPLC v A7 A%/ L7z : ShimazuHPLC ¥ A7 2 (CBM-20A system
controller, LC-20AD binary pump, DGA-20A degasser, SIL-20AC auto-sampler, CTO-20AC
column oven, SPD-M20A PDA detector), % 7 2% YMC Pack ODS-AQ column (3 pm,
2.0 mm x 150 mm) #= M7z, B#EifHIX. H20 + 0.1% formic acid (A, v/v). Acetonitrile (B,
0.1% formic acid, v/iv) DIEEEHE L, 77V MILLF &AWz : 0-2min, 7% B; 6
min, 11% B; 15 min, 16% B; 32 min, 17% B; 35 min, 50% B; 36 min, 100% B, # 7 A&
1% 40°C. iElE 1.0 mL/min, VEARIT 1 BIKH7- 0 3 pL, Mk &E OH#iHIX 190-400
nm & L7z,

1.1.9 HPLC RIEIZAW R EW & Vo TN ORBHER DR

gHNMR %z AW TGS 4. 6, 18, 21, 22 OMEZARE LTz, HLAEW 2-6
mg & RIS R L, PIEYER 0.8 mL (DSS-ds / DMSO-ds 0.25 mg/mL) % AL, #HF
WALBR L, RS 7%, 35 0.6 mL ZHt> T gHNMR Z#JlE L7z, TioxX (2) #H
W, BALE ORI ZFHE L

IR HDSS MR CDSS
P (%)= X X X X PpgsX 100 (2)
(%) loss Hg Mpss ~ Cr bss

I=fi5f H=7m b  M=pGp1+&E C=iEFE (mg/mL)
R=[=HE(L 44  DSS=DSS-d;,  Ppes=DSS-d Ml

RS R0 MR A B UL G 1 mg RIS E L, 1 mL @ 75% EtOH % A
. WS ET, 20%, SEREOFIREKZIER L, £ ORE & v — 7 fhif T i
W TR ERZ KD T,

NMR JIEIZ VW24 = 3 2 OFEHRIR 2 B L, BSHR L2, £ O F 2T 75%
EtOH Z/x 10 mLICA AT v 7 LIz, £, 02 ym D7 4 A F—ZHNTHHE L,
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HPLC &z AW akhimie & L=,

1110HPLC XY vy ROV F—a v

6 DD D IREOREHEIR Z AW TR ER A ER L. £ OEMMEZ N L2, Ml
PR (LOD) & EEIRA (LOQ) (ZZNZHUT SN L 31 & 1011 L7 HiREL L CTIRE
L7co AV FOZYMIE, AR D18 LIEME(LEM OFERAENR A 1 B 3|, 3 H [
LCHtrd 52 & CRlfili L7z, BIMNENGERERIC DWW TiE, B4 D18 DRy KA UBHI AR B
BER DAy ML, HPLCIZ THOMrd 5 2 & TiTo 7=,
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1.2 FREEBE

IWRRSE: )% wa=a & I

ERRIED 75% EtOH =% 2D 'H NMR A~<7 ~/L (f4% : Figs. S3-1-S3-36) & f&#E
ICEMD AT MVT—F LDl EITo> e, HTFACBW TR S TZENZENLD
IEEMRZENS D7 IV 7 Mi% Table S1-2, &FEMHDAHED 1H NMR A7 k
V% Fig. 1-2 12~

PUFICA e 2t TR TE 2LEMIcHOWTE & H %, Monoterpene ¥HD{LEY)
TiX, 4, 6, 9. 1M1, 13 ICTHKTH V7 I AP TE-, Xick s &, HBELEY
T & 5 paeoniflorin (6) @ & &1L 1F 2> D monoterpene D ¥+ % T H H[19, 21],
Monoterpene $i33LiE 3 % pinane BB EEZ > TV (Fig. 1-1). Z OB HEE
ICH¥T 5T 7 F 1 (By 5.5-5.0 ppm, 2.5-1.1 ppm) NER > THHSND Z L b

(Fig. 1-2, Table S1-2), pinane BH&tE&EH KD > 7T V2L EWMORIEIZH WS Z &1
LW, IO EERFIZONTE, LEW 18, 19, 21, 22, 26, LT 27 e
Too IR DRSS T DL EW 20 [19]D Y 7 MFA RO EBRTIEEToOV 7
JAZBWTEBIl S e oo, (LAY 20 IZHEFRMED G &6 =% R % Bk 5%
THE L T D MICHERE L FTREMED & 5 L HERI L 72,

e R & WO IILE - SREGE I EAOBE LT 5 & RIFFIC, FHL, MAEDORE
B A, BURb7e EOMERH H[B5], L., & DOHFIEFEEKDORFITIIESL DN,
ZRVEICREN & 2 R OL 25| S 232 L BlE STV 556, 57],
Hayes O I3hi sz L7238 D 25 ZHifE L T\ 5[58], Tillkd 6 72 HFFE L7z 25 @
"HNMR Z#|&E L., H-3 (&4 2.16 ppm). H-5 (84 2.89 ppm). H-7 (8n 1.71 ppm). H-9

(81 5.41 ppm) D> 7 FIVEARIEIC K T X A X LT, ZOMER, MEEA L2 AA)

(D2, D4, D29 ZFr< ) LJRA] D16 o Z Db E R+ Z ENTE T2

(Fig. 1-2, Table $1-2), ZDOfER L, 'TH NMR Z W=y 7 v 7 7 A4 U v 75,
BREIEAR SN - AN &2 BEICHB T2 ks LTRATH S LB 2 b,

%72 13 1%, P veitchii & IR LT HHRAGD AR MW SRR o T, SR
E T, ZHETIC HPLC #E& AW Z & T P veitchii Z &R E 3 2 TG MICEB W T
13 DEEMENZ EZHOLMNCLTEY, AROMRITINEFE LR, —FH T, P
lactiflora Z 3R &3 2 AR TIL 13 SR S22 d o 7o, Zaud, BREEAIZE D 13 7
sulfonated oxypaeoniflorin 228t L, Z D& EIMEF T2 Z L[BFIK TH 5 & HEH
N5, BHFR=ZETIL, ZhFE TIZ, P lactiflora % 5 &3 5A31X13 OFENE WD &
EREO—D L LTHT D Z L2 HE L THV[21]. SEIOMRITEITHRORM R &5
JE L7\, Ueno Hid, 13 £ 19 &~ — I —flsr & L THARERNZEN ORI L Z & 2

15



H L7260l —F4. MWFFEEITPEELEL AARENEICE END 13 OFEITITH b E
ENBREINRhoTZ L 2GS LTV A[21], ARIOER T, BREERMATZED
D7. HILREEM KD D50, D51, D5212i% 19 23t &hd*, PEED D532 % 19 234
HENRhoTz, THHORERIT., YIRS LR & —E L7223, Ueno b DOk
MEIE—E L ho72[60], T D DR HFERIL, B, BEERME, EEEIC X
LEBMLHEELEZZ BN,

UEDZEnb, 'HNMR EEZHWERNFEORM 7T v 7 74 U o 7 OFMMEZRT 2
EWTE,
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a D18 of WPR treated by sulfur fumigation HOD
benzoyl group of 26 | DI\fSOfd;; DSS-ds
monoterpenoids and I‘ J . 25 6
benzoic acid (21) 25 ‘I 6
18 " 19 25 26 27 “ J‘VJVM w ' 2 4 J |
— 4
L] e BV | Y R A J
“““““ %0 80 70 &0 'm0 g o 20 10
\
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benzoyl group of ‘
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Fig. 1-2 Representative 'TH NMR spectra of peony root samples. a:
P. lactiflora; and d: D11 of RPR derived from P. veitchii.

D18 of WPR treated by sulfur fumigation; b: D52 of PR produced in Japan; c¢: D12 of RPR derived from



1.2.2 qHNMR & HPLC I EEZ WA OEER S DO ERE

gHNMR % AV T pinane &% & - TV % monoterpene DM E & L 4. 6, 18,
25, K126 #EE LT,

Monoterpene DL &Y D benzoyl ZEIZHINT 25 3 2D 7 F/LiE 'TH NMR A7 K
VOBRBEGHAIZRBE S, 2hbov 7 Fabibad® 21 oV 7L EER-> T

(Fig. 1-2), Camila &%, FERMLEWMO T &% MW THEEUE DL EM O E &
ERETDHEEZRE L TWDH[12], R TIE, TOFEZIGHL, 6 O FEZHANT
pinane f#i& % % -> monoterpene DK E EA EE LT-, EEOKE % Table 1-4 & Fig.
1-3a lZ/~" 7, On 7.76-7.59 ppm (ZHKT 5 > 7 F /O EE(EIL On 8.10-7.76 ppm & By
7.59-7.40 ppm ICHKTH V7TV EZHWTEELEERIV Ko7, &
monoterpene HD{LEYD benzoyl FEIZHRT 5 7 FNND s Iy T MEZ Table
1-5 2779, On7.76-7.59 ppm OFIFHTIiX, 2, 8, 13, KOMTICHKT D 7 il
BEINT, d38.10-7.76 ppm IZB W TIT 1T ICH KT D L 7 FANBIE SR o T-, Oy
7.76-7.59 ppm OHIPHIZIZ 2 L 13 ICHKTH V7T A bBIE I N o7z, U EEEE
Z. On 8.10-7.76 ppm F721% &y 7.59-7.40 ppm (ZH KT 5 v~ F /11X monoterpene %
DILEYORERDOERISHE L TS EEZ LT,

a4 D AFLE (He-10) (ZHET 5 27 F /L 54 1.38 ppm (s). 6 D H-9 =ik
57 F v Oy 5.31 ppm (s). K TN25 D H-9 [ZHKT 57 F /L 8y 5.40 ppm (s) & HW
TINLOEMEER L, EREOFEE L monoterpene DM E B4 L Table
1-4 & Fig. 1-3alZ;~7, P. lactiflora Z 37 & T 2RANICE FL LA 6 OE EIT &
EzRL, AR EANEIZEEND 4 OGFEITEVELR LT, Pinane #i&E 4 &>
monoterpene DA DOHF T, 6 (ZEMI & L TREREDOK 50%% 57275, fit 1k
ALY 7T, 6 0 bisfb L7z 25 Bmnvaiz s Lic, PERESEED D47 (Bft
TR ICEEND 4 TREEE R LTz, TORKEE LT, NEORDREIZ 4 13%<
HENTWVWDZ ENEZ LB, 62], P. veitchii Z L5 &+ 5 KRA 1%, 6 &
monoterpene DM E ENE -T2, £D 5B, D11I12IEE £ 5 monoterpene FEH D4
BENEEEE R Lz, ZOJRKE LT, DILIZIILAEM 6 7217 T2l {bAm 8 & 11
LEFENTND Z ERHERIEZ[21], —J7. P. veitchii Z 25 & 95 -A71% P. lactiflora
IR & T DR EIXRRBRE N R 572 P veitchii & LR & T A RN LY &V
18 & £ 5 (Table 1-4 & Fig. 1-3b) & el <7,

18



Table 1-4 Extracts yield and contents of main components in different types of peony root samples

. o 75% Ethanol extract yield sucrose (26) albiflorin (4) paeoniflorin (6) sulfonated paeoniflorin (25)
Code no. Botanical origin
(mg/9) qHNMR (mg/g) gHNMR (mg/g) ~ HPLC (mg/q) gHNMR (mg/g) ~ HPLC (mg/q) gHNMR (mg/g)
WPR produced in China D1 P. lactiflora 121 +3 24.55 + 0.30 3.20 £ 0.21 3.51+0.10 12.08 + 0.23 16.62 + 0.40 0.99 + 0.02
D2 155 + 5 511 + 0.06 317+ 0.08 321+017 10.67 £ 0.12 11.18 + 0.65 -
D3 204 + 7 84.47 + 528 303 +0.18 322 +029 16.37 + 1.01 20.52 + 234 131+ 0.05
D4 465 + 35 244.64 + 7.00 9.73 + 051 9.89 + 041 20.82 + 0.94 26.30 + 1.33 -
D17 232+ 12 7351 + 1.31 433 +0.11 550 + 0.10 1146 + 037 15.66 + 0.19 6.74 £ 0.18
D18 229+7 3152 + 272 4.40 + 0.54 481 +0.12 1.02 + 0.05 0.90 + 0.23 20.15 + 2.54
D22 164 + 14 405 +0.18 2.80 + 0.09 297 +0.18 0.71 + 0.08 0.60 + 0.04 17.74 + 0.10
D23 163 + 3 3945 + 2,12 545 + 0.34 576 + 0.11 7.05 + 0.39 6.92 + 0.07 1636 + 1.20
D24 183 + 4 19.29 + 1.63 6.01 + 0.03 5.95 + 0.06 1.13 + 0.09 0.83 + 0.01 19.45 + 0.02
D29 1M1 +2 17.38 + 0.55 4.49 +0.20 4.89 + 0.14 11.16 + 0.41 13.01 £ 0.32 -
PR produced in Japan D6 P. lactiflora 377+ 12 17894 + 2.11 343 + 0.05 3.57 + 0.06 20.51 + 0.23 23.68 + 0.45 -
D7 324+5 13278 £ 1.22 0.54 + 0.01 0.22 + 0.01 15.82 + 023 18.84 + 0.28 -
D8 284+ 7 114.90 + 2.44 342 +0.08 3.46 + 0.01 15.28 + 0.44 18.54 + 0.19 -
D10 325+3 155.28 £ 0.15 238 + 0.02 238 +0.17 1679 + 1.14 2153 + 1.63 -
D50 412 %12 216.91 + 1.38 1.59 + 0.02 1.56 + 0.03 12.05 + 0.13 15.59 £ 0.07 -
D51 425+ 15 211.93 + 4.15 3.06 + 0.04 338+ 020 13.22 + 0.95 14.89 £ 0.75 -
D52 374 £ 20 179.54 + 6.59 481 +0.06 5.00 £ 0.01 12.84 £ 0.21 15.12 + 0.40 -
D9 394 +7 143.85+14.31 3.82 £ 0.02 4.56 + 0.05 2479 + 022 2871+ 043 -
D49 415+9 215.32 + 8.80 227 +0.03 2.28 + 0.04 16.05 + 0.53 20.18 + 0.19 -
PR produced in China D45 P. lactiflora 208 + 3 71.54 + 0.73 412 + 0.04 3.80 £ 0.10 18.64 + 0.33 20.28 + 0.52 -
D46 395 + 2 202.90 + 5.19 2,65 + 0.10 2.56 + 0.08 18.55 + 0.43 23.75 + 0.64 -
D47 467 + 3 13093 + 3.05 12.81 £ 0.15 13.31 + 0.04 26.75 + 032 3047 + 0.12 -
D48 422+8 22348 + 9.03 5.18 + 0.07 533+0.13 20.64 + 0.14 2643 + 0.89 -
D53 397 + 14 141.48 + 5.85 2.83 + 041 318+ 0.13 14.80 + 2.52 19.66 = 1.11 -
RPR produced in China D12N P. lactiflora 407 + 13 17217 + 2.62 1.98 + 0.11 1.96 + 0.21 2147 + 032 2521 + 0.61 -
D12 340 3 54.73 + 0.41 2,03 + 0.04 271+ 0.06 46.76 + 0.67 54.96 + 0.98 -
D13 324 + 13 22.87 + 061 1.53 + 0.05 1.70 £ 0.04 40.89 + 1.51 52.26 + 0.97 -
D14 399 + 23 144.92+23.70 0.80 + 0.03 0.86 + 0.61 19.59 + 3.44 3142 + 391 -
D15 345+ 6 99.07 + 2.73 0.45 + 0.01 0.61 + 0.02 33.58 + 0.57 4391 +0.39 -
D54 380 + 11 13093 + 4.08 047 + 0.03 045 + 0.03 26.09 + 0.67 31.10 £ 0.52 -
D16 465 + 11 127.74 + 2.84 7.02 £ 0.10 722+ 017 14.69 * 0.51 16.17 + 0.36 9.88 + 0.44
D11 P. veitchii 454+ 8 72.64 + 043 044 + 0.02 0.66 + 0.03 4712 + 0.74 57.37 + 0.73 -
DS-1 322+9 77.28 + 0.67 0.23 + 0.01 0.22 + 0.02 16.00 + 0.24 17.37 £ 0.70 -
DS-5 590 + 22 201.26 + 543 1.24 + 0.02 1.28 + 0.04 31.50 + 0.73 37.01 + 0.89 -
DS-6 447 £ 19 143.85 + 8.20 0.52 + 0.01 0.61 + 0.01 2567 + 1.24 2871+ 035 -
DS-7 470+ 2 14235 + 2.15 0.39 + 0.02 042 + 0.02 2838 + 091 33.82 + 1.13 -
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Table 1-4 (Continued)

) gHNMR (mg/g) gHNMR (mg/g) gHNMR (mg/g) HPLC (mg/q) gHNMR (mg/g) HPLC (mg/g) HPLC (mg/g)

WPR producedinChina  p1 P. lactiflora 2776 + 147 25.69 + 1.96 2925 + 1.78 0.24 + 0.03 1.02 + 0.04 2.03 + 0.04 1.10 + 0.02
D2 3044 + 1.17 25.14 + 1.06 30.93 £ 1.11 0.93 + 0.03 1.07 + 0.03 1.78 + 0.03 0.70 + 0.01

D3 32,02 + 1.33 30.95 + 2.68 35.56 + 3.60 0.36 + 0.03 1.39 + 0.30 2.48 + 0.06 1.59 + 0.20

D4 4963 + 1.42 4458 + 1.13 54.43 + 1.86 0.56 + 0.03 3.97 £ 0.05 6.64 + 0.15 2.25+0.13

D17 32.03 £ 0.52 32.00 + 0.87 31.94 + 0.25 0.23 + 0.01 1.40 + 0.03 2.66 + 0.01 1.53 + 0.01

D18 37.21+3.76 33.10 + 1.37 35.85 + 0.48 0.12 + 0.01 198 + 0.24 2.19 + 0.02 1.38 + 0.02

D22 29.72 + 3.14 26.10 + 4.61 27.74 + 357 0.07 + 0.01 1.61 % 0.08 172 + 0.02 1.19 + 0.01

D23 35.82 + 0.96 3333+ 1.70 35.16 + 2.70 0.10 + 0.01 2.55 + 0.19 2.97 + 0.02 147 + 0.03

D24 38.94 + 223 38.06 + 3.17 3832 +3.26 0.14 + 0.02 2.86 + 0.03 2.97 + 0.01 212 + 0.02

D29 24.83 + 0.97 21.97 + 0.63 25.66 + 0.43 0.26 + 0.01 129 +0.12 241 +0.02 0.81 + 0.01

PR produced in Japan D6 P. lactiflora 40.03 + 2.29 3563 + 1.23 4549 + 0.39 0.68 + 0.03 1.88 + 0.20 3.14 £ 0.01 1.27 £ 0.01
D7 30.59 + 0.84 25.86 + 0.27 35.56 + 0.73 0.75 + 0.02 179 + 0.14 3.82 003 1.67 £ 0.01

D8 31.67 £ 0.74 27.47 + 047 3357 £0.18 0.66 + 0.04 1.03 £ 0.13 1.98 + 0.02 0.77 + 0.01

D10 35.59 £ 1.70 31.01 £ 1.79 3837 298 0.85 + 0.09 2.14 £ 024 431005 159 + 0.14

D50 27.18 + 1.41 2340 + 0.86 29.35 + 1.00 0.60 + 0.03 517 £ 037 733+0.14 3.14 £ 001

D51 29.98 +2.18 26.58 + 1.85 3117 £ 1.78 0.45 + 0.03 3.65 + 0.01 593+ 0.12 2.74 + 0.04

D52 33.28 £ 0.14 28.24 + 093 33.76 £ 0.40 0.65 + 0.02 3.19 £ 0.30 5.17 + 0.05 2.15 £ 0.01

D9 50.08 + 0.80 4491 + 0.66 48.80 + 1.02 0.85 + 0.02 1.60 + 0.06 270 + 0.04 1.17 £ 0.01

D49 36.95 + 0.57 30.81 + 132 37.98 + 1.38 0.69 + 0.02 2.10 + 0.06 414 +0.02 1.69 + 0.01

PR produced in China D45 P. lactiflora 36.28 + 0.72 33.64 + 031 39.03 + 091 0.34 + 0.02 2.62 + 0.05 3.75 + 0.03 1.84 + 0.03
D46 37.83 + 098 3431+ 098 4111+ 1.37 0.74 + 0.04 3.26 + 0.20 551+ 0.01 1.55 + 0.01

D47 6242 + 238 58.87 £ 2.32 63.49 + 1.33 0.43 + 0.02 5.65 + 0.20 7.63 £ 0.02 2,61 +0.05

D48 47.03 + 1.09 4298 + 0.80 52.03 + 1.96 0.66 + 0.07 342 £ 022 5.44 + 0.02 1.80 + 0.03

D53 32.71 + 550 27.30 + 330 33.08 + 5.51 0.61 + 0.05 2,64 +0.19 497 + 0.08 1.99 + 0.08

RPR produced in China  p12N P lactiflora 41.86 + 1.85 36.38 + 1.03 4244 +0.94 0.53 + 0.01 2.87 +0.03 457 0.14 1.15 + 0.07
D12 79.42 + 137 72.56 213 79.53 £ 3.12 0.65 + 0.01 3.19 £ 0.02 4.47 +0.01 0.94 + 0.01

D13 7219 + 337 65.98 + 2.45 69.66 + 3.36 0.57 + 0.02 0.68 + 0.17 1.92 + 0.04 0.70 + 0.02

D14 36.44 + 348 33.82 + 4.28 38.08 + 2.64 0.61 + 0.05 2.72 £ 0.09 5.46 + 0.49 1.46 + 0.09

D15 59.83 + 3.22 56.60 + 1.99 61.13 £ 1.77 1.03 + 0.04 2.23 £ 0.06 4.06 + 0.09 1.01 + 0.02

D54 4456 + 147 4091 + 152 4426 + 0.76 0.66 + 0.02 217 £ 0.03 3.67 + 0.01 1.02 £ 0.01

D16 49,05 + 1.51 4435 + 1,01 4574 + 1.28 0.25 + 0.01 7.76 + 025 791+0.14 3.40 + 0.08

D11 P. veitchii 88.95 + 0.44 85.82 + 2.16 88.75 + 1.61 0.30 + 0.01 31.46 + 0.54 35.92 + 0.63 14.87 + 0.13

DS-1 36.80 + 1.13 27.75 + 1.07 3837 + 0.84 1.30 + 0.06 11.23 + 0.25 18.19 + 0.71 10.56 + 0.47

DS-5 57.73 + 1.81 52.99 + 2.06 59.12 + 0.41 0.45 + 0.01 25.07 + 0.23 3227 + 0.66 8.19 £ 0.22

DS-6 51.01 + 3.45 4453 + 271 5320 + 3.13 1.37 + 0.05 15.27 + 0.43 18.16 + 0.23 7.39 £ 0.14

DS-7 51.12 + 2.85 46.10 + 2.18 53.38 + 2.12 0.92 + 0.03 14.60 + 0.04 19.37 + 0.56 8.10 + 0.04
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Table 1-5 Chemical shifts of benzoyl group from monoterpenoids with pinane skeleton and benzoic acid (21)

No. Compound Position Integration range (8.10-7.76 ppm) Position Integration range (7.76-7.59 ppm) Position Integration range (7.59-7.40 ppm)
1 paeoniflorol H-2", 6" 7.94 dd (84, 5.1) H-4" 7.65m H-3", 5" 7.52m
2 4’-hydroxypaeoniflorigenone H-2',6' 779 m
3 4-epi-albiflorin H-2", 6" 7.98 m H-4" 7.67 m H-3", 5" 7.54 1 (7.6)
4 albiflorin H-2", 6" 8.00 d (7.06) H-4" 7.66 m H-3", 5" 753 m
H-2", 6" 7.97 dd (3.1, 1.5) H-4" 7.66 dd (7.6, 1.5) H-3", 5" 7.52m
5 paeonivayin
H-2", 6" 7.98d (3.1) H-4" 7.66 dd (7.6, 1.5) H-3", 5" 7.52m
6 paeoniflorin H-2", 6" 7.98 d (7.6) H-4" 7.67 t (7.6) H-3", 5" 7.54 1 (7.6)
7 4-0-methyl-paeoniflorin H-2", 6" 7.94 dd (23.7,7.6) H-4" 7.66 m H-3", 5" 7.54 t (7.6)
8 salicylpaeoniflorin H-6" 7.79 dd (7.6, 1.5) H-4" 7.52m
9 benzoylpaeoniflorin H-2", 6" 7.94m H-4" 7.64m H-3",5" 751m
H-2", 6" 7.94 m H-4" 7.64 m H-3", 5" 7.51Tm
10 mudanpioside C H-2", 6" 7.96 d (84) H-4" 7.66 t (7.6) H-3", 5" 7.53t(7.6)
H-2", 6" 7.80d (84)
11 galloylpaeoniflorin H-2", 6" 7.98 m H-4" 7.67 m H-3", 5" 7.53 m
12 mudanpioside J H-2", 6" 7.95m H-4" 7.65m H-3", 5" 7.53t(7.6)
H-2" 746 m
H-6" 742 m
13 oxypaeoniflorin H-2", 6" 7.82m
H-2", 6" 7.80 m
14 benzoyloxypaeoniflorin
H-2", 6" 7.95m H-4" 7.65t(7.6) H-3", 5" 7.51t(7.6)
15 paeonidanin E H-2", 6" 7.97 t (7.6) H-4" 7.64 m H-3", 5" 7.52 dd (13.8, 7.6)
H-2"", 6"" 7.97 t (7.6) H-4"" 7.64 m H-3"", 5"" 7.52 dd (13.8, 7.6)
16 lactiflorin H-2", 6" 7.98 d (7.6) H-4" 7.69 m H-3", 5" 7.55m
17 mudanpioside E H-2" 7.48 dd (8.4, 1.5)
H-6" 7.45 dd (1.5)
21 benzoic acid H-2,6 7.94 dd (84, 1.5) H-4 7.61m H-3,5 749t (7.6)
25 sulfonated paeoniflorin H-2", 6" 7.98 dd (8.4, 1.5) H-4" 7.66 m H-3", 5" 7.53m
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Fig. 1-3 The contents of main compounds in different types of peony root samples quantified using gHNMR. a:
contents of paeoniflorin (6), sulfonated paeoniflorin (25), and albiflorin (4), and total content of monoterpenoids
(signals: &n 7.59 to 7.40 ppm); and b: content of PGG (18). Vertical bars indicate standard deviation (n=3).
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HPLC /3#r CEEICHW 2 4, 6, 18, 21, KN 22 Offiff 4 Table S1-3, K{LEWD
BEME A Yy FONYF— g OfE R % Table S1-4 & Table S1-5 IZZ L 1URT,
F7o. KEEHOANIED HPLC 7 v~ b7 T L% Fig. S1-1. TOERDFEE%Z Table 1-4
W27, A a0 HPLC OJE &hf RIZEATHF R OFER & —F L7223[19, 21]. gHNMR O E
B LV @Ehotz, REDOHESDZSD, NMR A7 MADR—ZAT A N Tn— K=
TEBEITARERDD EBEZ DN, £ T, TEORICR—2T7 4L FOE—
7 EFAL, TOEEE HPLC O L IR\ Z & 2REGR LT,

gHNMR & HPLC DOfER OB Z MR T 272D, PLS (40 /N 3 : partial least
squares) [E])F & Heatmap % WV CHIRE 2~ 7=,

%13 gHNMR & HPLC D E &% AV T PLS 21T~ 72, 1Lk 4. 6, K118 ®
GREEANTET LVE/ER L, gHNMR & HPLC IZ X BEEZ N2 X B LY £
ELTEIRL, ZOREF % Scores Scatter Plot (Fig. $1-2) 1Z/~-7, FElRTy =x +
2132 e®, R?=0.9849 T. M&ITIZIRVIEDFBEN R STz,

E 512, gHNMR (2B 28D 7 F L OfEsMEL . HPLC TE®L- 4, 6, X
W18 OE&EEOMTHEREKERD, e — b~y 7 ZER LT (Fig. $1-3), gHNMR
BT 7 iE, 4 OFEIZHOWVWTE 1.38 ppm (r=1.00), 6 OFEIZOWTIE
5.31 ppm (r=0.99), 18 DE&EIZ OV TIL6.75 ppm (r=0.99) (Z5EWIEDOHEIN A 5
Ni-, F7=. benzoyl FEIZHKT DL 7L OEMEL 6 L IRWEBIZ <R L= (r= 0.86,
0.76,0.87),

VL EDOFER S, gHNMR Of 1L, HPLC DR & —84 2 Z L 23 &h. gHNMR
EITRRNRERELEEZ DIV,
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1.2.3AFDINTL - FREE L sucrose B E D%

ERRIEOHH % D 75% EtOH =% 2 & & L sucrose (26) D& &% Table 1-4 & Fig. 1-
4alZZNEIRT, EURSHTOREE, W X HEEE (r=0.788) ZffoTWnbZ &
Wbhotz, -, ANOZXAEGELE 26 OFEITIINOFHONIEL VK2 L23b
nolo, ANOMTL - YL L LT, Kk, RathE, BBLT2HERHY. 20
ML - FABENR =X X G EBORTITHET L Z RSN, ZOFBREEZRGET 5
7201z, B B EBRM LA S P lactiflora > v 7 Y7 OIS TH D [HER] %
MAEL (Table 1-3), gHNMR :% VT, INT - FHRYEOEVCZ L D 26 OF EOEL
ZAHTz, 75%EtOH =% 2 & & & 26 O F &% Table S1-6 & Fig. 1-4b (2 Z N Z 4R T,
ZFORER, WREROMBRE (r=0.997) (X, AFEMEIOBBIE L L TIEFIZRE NS
ENRT=n Dol KN - REEZAT o T NI B £ D 26 O EZ IR LT &
ZA AL BIHKELS, C & DIFEWEE R LT, BRI, HEL L2 B D 26 OF &N K
b o7 (Table S1-6 & Fig. 1-4b), —J7, {RIRAEE L 72t EHZ W T, BB L
Lotz C BB L Lz DICIEH O ENNBIE I N T2,

fifit D ITARIRALER I X HATFRD 26 O = 4 ) — )L =% 25 B ORREL 2 JIE L,
Wi BRI IEOMBNH 0 | KIEEIC L > T 26 NEEMNT 5 Z L icfEkoTHTH /) —b
TXRRAEELEMT 52 L 2HME L TWB63], 1EF0DAERKICBN T, JIE AL
DIKIEATEIC £ > T 26 OFBENINT 5 2 ERAME STV [64], A7 n—RY VR
A (SPS, EC.2.4.1.14) &L A7 1 — A 51k (SPP, EC.3.1.3.24) 11 26 DA RIS
Bb ol Thd Y, SPS [IF—= A LL LT UDP-Zba—R LT LT h—2R
6-V L EE A u—R6-Y UERICAEW L, SPPIREDOARAT m—R 6-V EEEIY b
LT 26 #4KT 5[65, 66], ZIODOFERNS, =% AL 26 OFEEIL, SPS & SPP,
FZTA Y YA DEVEOZEGIZ Lo TEE T 2 AR R S, (RIRAEE 21T -
e 7Y OO T PERIZL > TEHL D26 BERSIL, X AGENEMT S L5
ZHNDH, HROEHE LTINS D Z LI L > THRBAIE L, 26 OAKMBHES
NAHD, TXFAGENMES 2D Z LIS T,

A ORFRIRITINER, KTHREL, Kaxiex, RLIEbDTH D, Lilo#laTEL
TH L. BRERET T 5 E COMIIERMMEMT 5720, 26 OERITHM L7223, Hkk
BITRI DR TEEENIIET 5720, 26 BWERShARL otz bEZbND, D
R, ADTZXAEEILB OBRIKL Y @O, K—ABIKIRLEEZ1T>72 C & D O
REEE LIZHATIE, B AER_EZRLELOEEZLND, B ORKITEEL
SNTEHbDTHDZ Enb, MBS K - TEEHRPIIE L, 26 BAER SR IpoTzled),
B OxXFAGEN -FENo7oLEZDND, C ORIKITHEET DA —7 H BUKIR
(4°C) BFE L T eie®d, Z ORIITEERED 26 ~OEHZ ki L, R LT, =% A
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GERPEmSRoTEBETESD, D OBREIHMRIETE L%, Gl LicizoH, C LA
B ARIECRAE I 26 OFENEM L, RAFEICEHE LEZITOBENRIELTH 26 OF
BIXZOEFHFF SN EEBET D, L LTWRWVWA L5EL LT B AT 5 &,
Grd LI k0 P bR Bl (B, K Tngd 2 2 L2 kv, ik s 26 1%
DR DKPITIEHT 5) ITE 0 =F 2 EER 26 OF &N LT iiEMELZ {ETE 2R
W, L2LCEDREETIE, BBELOFETTIXZAEES 26 DEEOENIITL
A ERBD BN, L EOBEND | ABIGIL, WL FRIRER TIEe <, BERIEMN
DEEBPEFR L TWDH O EHERI SIS,
FROEEZBELTERT L L, KOS AEEZR L ANIRNE L%, BHIC
FraEy, BELL, RN TEhbolfESND, BV XAGEEZR LA
D D4 XIS &R WHEEZICKREY, KOELOMLIAEILT, —EH
EIOARRRIFD 22 ST RICKR £ Y . ROl Lo LafToniz s n s, Lk
DZENDL, gHNMR IEZHWTAJERO =X A G8E L 26 O &ITFHETH  Z L2 R L
7=

FESEHICI VT, AN A& (BUKiitY) % 22.0%LL LEt L HESNT
W52, AEIORERICEY, A RBKEIFET 5 &, 26 L =X AOEENEINT S
B, INDOEEITIZOBOYE LIC L DR EEZ T 20 ENbhoT, AIFETIE
75% EtOH Z i L7223, BukihtB® CHRBROFE RN’ LD EHEHI SN D, Li=s
- T, AR OSERHIICE T 5 Bukiit Y 08 BIEELZ R ET D LB 2R T 570
2, Bukihit o g i e 26 OFROMBBRERIT 2 Z EBNELEZ b,
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Fig. 1-4 75% Ethanol extract yields and sucrose (26) contents quantified using gHNMR. a: extract yields and
sucrose (26) contents in peony root samples (*: sample without peeling); and b: those in plant samples treated
with 4 different post-harvest processing methods, described in Table 1-3. Vertical bars indicate standard deviation
(n=3).

26



124 ZEEBBITKROT —F~< b U v 7 2AOERFEORKRT

RIEICIX. P lactiflora % 57 &35 A7 10 iR, B ABEATIK O Wik, HEEATHR 5
R, A7 BIRDOAEE 31k L . P veitchii % JEIR & § 577 Sk &2 %1% & LT, 75%
EtOH =X 2ADkn7 v > 7 A4 ) v 7 L BEEITV., RIS 72 LRS00
T« FRENEDEWZ L DR D E N EELZE LTz, ARHEHITIE. NMR A # R o — AfAT
IZHAS < ZIVHATEED 75% EtOH = % Rl oy OMEFE 2RI OW TR D, TS 72
S TIEINMR D A7 " OENE AT D720 AR 21T > 1=,
WHEOFNTILUL T OB 12T o7z« OBRIKD NMR A7 M ZREL, £OT —
ZENFMIE, 7 I ANVT T ME, X—=2T7 A UHiEREEITo72%, @Q—ED/
AN 7 MEOHE TN KD . ZRZENOEBIZH T oMy EEHE L (N b
o). O EE#EILL, T—%~ Y v 7 REER LTz, —J . ZERMHTOR R
X NMR A7 MVORTLEEFIEDBEVICHEEBIND Z E R TREINL O, HIEDEK
WAL Z AT DB B D & L, AR CTIXLL T OBLE D b Stk O et 217 -
7=

A. 27 MVEIE

H NMR (ML EofEisEfgir 2 B L L= HiETh 0, B OBEIE CEERL v 7
FAEBRET D X5 ICRIERENRKEL SN TWD R, V7T A oEREIX LD
N5, Zauzxt LT, gHNMR Tik, HERFIZR S R2D 03, ¥ 7 F A0 EmAI R H
SND XD ICHERMEPREL SN TWD, £ 2T, WHIEEDE A L2 BT R

RET BT 52 L & Lice NMR BIEEDEWMT-OUVTIT Table 1-6 (27 LTz,

Table 1-6 The difference between '"H NMR and gHNMR parameters

Parameters '"H NMR gHNMR
Pulse angle 45° 90°
Relaxation delay 5 sec 60 sec
Digital resolution 0.5 Hz 0.25 Hz
Spin ON OFF
13C decoupling OFF ON

B. BR53 5 A7 FOVEEIR

NMR HIE DR, BB Z AW TRIEZTT 9 25, BEITRIE L T DK SRR
(f5il - E A% ) —/1 CD3OD H1 DKL A & 7 —/ CH3OH) 1T X5 7 F 0@l s
o, £, BEHHPIZIRAL TV D KDOKEO—OPREKFZLENTZHOD b RE/pv 7
Tl LCEBEND, ZHBIEREERO > 7 Tidlenizo, TIcdH - - T
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T EBRE L CHRENT L2,

£/, 112383 IMT - FH8E & sucrose & &D TR ORFIT, AjHD 75% EtOH
THR AL 26 NE L EEND T RO TN D, AEEOIKIEER S 6 72 &
WIHED EBEZ N TV LR, —RRHMFEW Th 5 26 DEE LT 5 &, EFID
R, RBFETIE, SIRIRHEMICE B L CTIIT T 5720, 26 O 7 /L ORI & fet
L7z, 77y MESOSRMROBRINT 2 > 7 F VREIIZ D Tl Table 1-7 128 L7z,

Table 1-7 Remove region for data matrix of PCA and OPLS-DA

Spectra DMSO DSS-ds Sucrose (26) HOD Ethanol

5.1900-5.1304
THNMR  2.5504-2.4495 -0.0098 to 0.0900 3.1694-3.1296  1.0693-1.0097
3.9107-3.0701

5.1899-5.1302
gHNMR 2.5500-2.4498  -0.0100 to 0.0899 3.1698-3.1302  1.0701-1.0100
3.9100-3.0699

C. NJy MESEDHEAL

NMR 27 ML LGNy MESEOTRY vy (Bigfl) 121X

1) AREHIIREBEA O WA HEM E 2 UM L, WARHEY'E OFEMEIZIG U TH 37 » b
O EZ RS 5 515 (NEEEEL)

2) HE DAY PP BE LN EORINZ —E (10072 &) 123551k

D 2 SDOIFEN—RHPTFI BTN D,

1) OHFETIE, FRE O 7S AREICER SO ERENMT L ENTEDHEE
ZBNDHN, 2) OFELT — X UEREETH DT, ok 7L oE,
ROLERE KBS EIMTICHER S L EEX NS, £2 T, WHSNTHDHE
DIENN L BTSSRI RITTHELRFNT 28 & L,

T =X Oy MESEIETIRO Y 7 7 =7 (Alice2 for Metabolome) % F v THt
BL, =78McA vR— b Licth, EROBBILOHEEZNZNITH> 2L T, T—
B N w7 AERER LTz, ol & T —%~ h) 7 223 LT, #EHiET Y 7 ~ o
=7 (SIMCA-P 14.1) ZHW\WCEEEMTEIT -T2,

2 I8 BfRNTIX. PCA (FEk45 04T « principal component analysis) . OPLS-DA ([E4T
ROy ERe /N 3R A B4 AT ¢ orthogonal partial least squares-discriminant analysis) %
MWz, PCA IZ7—4~ Y v 7 ZADIERDIH (FNV—TDNEHRR L) THEITO B
DTHY ., BT —FDORBBHRRKERD LD ICEBEBEEEND, ZHUTLY, T—
S DEERROFHEEIRZ D Z LR TE, TNENEFEBOT 5V 7 F ik ROT T
ZEMTED, OPLS-DAIZT —4#~ F VU v 7 ZHFRITINA THERIKD 7 V—T G E &
DETHITT 2D T, Z V=% KRBT D20 DET VAR L, TH O
WZHGT L 7T AERDIFHTZENTE S,
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P. lactiflora Z 3 & 325 FIN] 10 MR, AAPEATHE O fefk, HIEREATHE SR, ZRAj 7
BIEDEFE 31 RIRIZ DWW T PCA 217572,

P. lactiflora % JEJ & 3 20757 6 IR & P veitchii % 57 & 3 2 RN 5 KRIZ OV T
PCA % * OPLS-DA #17- 7=,
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(1) P. lactiflora %25 & 3 553D PCA &R

[7A7 (WPR), Aj# (PR), KRUURA] (RPR) IZHREI Ry 2 R%T 52 &, KOY
F—H < b w7 ADIERFTEERBT D720, P lactiflora % FJR & 57553 (B4,
R ROTRAT) @ 31TRIRIZOWT, ZRZEHUCRR H55%M (Table1-8) TF—4#~ b
Vw7 A%EHR L, PCAEZIToTz, ZOREE% Fig. 1-5 & S1-4 (2777,

Table 1-8 Data matrix creation conditions and model reliability of Figs. 1-5 and S1-4

FeA Spectra Normalization Sucrose (26) signals* R2X Q?
31 P. lactiflora samples
Fig. 1-5a & b "H NMR Peak area of internal standard + 0.908 0.869
Fig. 1-5c & d "H NMR Peak area of internal standard - 0.949 0.910
Fig. 1-5e & f gHNMR Peak area of internal standard + 0.954 0.911
Fig. 1-5g & h gHNMR Peak area of internal standard - 0.923 0.807
Fig. S1-4a & b "H NMR Total intensity + 0.877 0.767
Fig. S1-4c & d "H NMR Total intensity = 0.945 0.800
Fig. S1-4e & f gHNMR Total intensity + 0.904 0.796
Fig. S1-4g & h gHNMR Total intensity = 0.811 0.709

* + and - indicate including and excluding sucrose (26) signals, respectively.
R2X: model interpretation rate
Q% model predictive ability

WAZHEVL CREME A B L LT T — 2~ b Y » 7 A& W THEST L7- PCA OfER%
Fig. 1-5 (2777, Fig. 1-5a & b X "H NMR 2667 —%~ bV v 7 A=A L,
Fig. 1-5e & fIX gHNMR 226G o 7zT7T —#~ M) w7 A& LT, ZhHd 250
T=A~ b w7 AT 26 DT T T NEERNT D Z L ISV, Fig. 1-5¢ & d,
K OVFig. 1-5g & hicHW=T—2~ MY w7 A3 26 OV 7 FZRIN L, Wik SRIEE
NENHNMR & gHNMR IZE W i onizT—4%~ b v 7 A% W THER L7=, Score
plot ® Fig. 1-5a & e IZ&BWT, AR, AjFE, FAITKRELS 37— ITXllahiz, &
512 Fig. 1-5e (2B W TATERIZPERIZ K » T HARPEATEK & REPEATERIZT vz, 20
2 5 score plot HFLLO 5 FRER %7~ L7z, Loading plot @ Fig. 1-5b (2 &% & #RAj~
DHGRAIE 6 72 I3 EN 5 monoterpene M M A VLA ¢ H{bEMD L 7
FMCHKT D B2 bND, FEFEAIKE B REASEA~OF GRS, 26 IZHKRT D
VIFNTHDZ ERboDd (Bn3 -4 ppm K ON5.1 ppm (IO T FV), BRI ASDE
& LT HO DY 7 FADPRSNTWDH, ZHUIHAREIC 26 237 laoTeiz
O, [F LTRSS HO O 7 F /A BERIBNI IR M Sz 7= EHERI S b,
Loading plot ® Fig. 1-5f 23 W\ Tk, AN ~OFF 53X 25 1IZHK T 5 > 7L (H-9,
O 5.41 ppm) ThH o7z, T DO 7 F T Fig. 1-5b (2B W TIAA ORI~ 5 L7
noize BRO L ST, HEEAA] (D2, D4, D29 # <) IEMHEARDOM LR ST
BY., FEOMEEWMTH DL 25N EENDL Z LRI > TS, £7-, score plot® Fig.
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1-5a &£ e IZBWVT, W OPORIKITIE L KIS h o7z, AR DA 1XIEND FA]
CHANT, ZXREGRL 26 DEENENLDTH o270, MDD 7 V—FICKR S h,
HIEFEATHE D45 (XIZNDOAEE L R 26 OFEPERNE D Tho7o/oH, HAIO 7 1—
FICKM SN EZBND, AL RN Th 2 PEENEE D47 LBs 24

THRFRTERC T D Z LR o TWDHERIIEATIE DI 1THRA D 7 N —TZXKFl &

NTRY, MTHE (BiR) RBIETFZA 7 X DMK OENZ PCA T Y £<

EozlbolBbhiz, A2 0L VI AERELET =4~ M) v 7 22T
fifdt L7= PCA (Fig. 1-5¢ & d. Fig. 1-5g & h) 1ZZFNZFhD 7L —FNEERCIXR S h
72o '"H NMR 7 —# Z H\\ 7= Fig. 1-5¢ & d 28\ T, 6 72 E12fEE S 415 monoterpene
KON ANEETT AW E 18 1T ORBNCHT LG L=, RAICEEND 18
DERETOMEWITHRIET D 7T VREL, FEEATEE B ARENFEIZB W TR
XREWVRRD Lo T-, gHNMR 7 —# Z H\ 72 Fig. 1-5g & h i\ T, 2513H
RIOXHNZ, 18 & 22 [FAHEDKHNZ, 6 72 E12ftF X5 monoterpene LT ' A

NIEEETHEWIFRNORBNCHTE LTz, 26 0OFERIT gHNMR 2 HW = E&ED
FERETIE Lieho72h, '"H NMR 7 —# %\ 7= Fig. 1-5¢ & d OFER L1358 7e > T
2o THNHOFERNS, PCA OFERIZAY FVHIERE (TH NMR <° gHNMR) (2822
ENBHREMND D Z LD o7-, THNMR 227 hL & lled 5 & gHNMR 2~

MUIZBIT DTS B, RIEFIZEENHILEMOREL LD EEEICKBLTWD, #Eo

T, HNMR 2227 FLF—2 10 &, gHNMR 222 hAF—Z Wb b7 —4~
FU w7 2% T PCA ZAT 9 FISNJEDOHTIZE L T\ D & B X b,
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Fig. 1-5 PCA results using data matrix converted from "H NMR and gHNMR spectra of 31 peony root samples
derived from P. lactiflora (normalized to internal standard). The creation conditions of each data matrix were
summarized in Table 1-8. Score plot: the numbers indicate code no. of samples shown in Table 1-2. Loading plot:
the numerals indicate chemical shift (&u in ppm).
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LUFIZ, B Eoffnz 100 & LTl b 21T 7= PCA O R % 7~3 (Fig. S1-4),
K77 7ICHWET =4~ MY v 7 ADOERSAM % Table 1-7 & 1-812F L o7z,

Score plot @ Fig. S1-4a, ¢, e, glZBWT, BAI, NI, FATBEENT3I DT
N—=TIZRKBNENT=ZN, KT N—FDO—ITERVE-> T\, £7-. TEEATEED 7
N—T L ARENIEO I N —TIF3EHRY G- TEY, TRDHITHBHEEL THM LT
Wiz, =T, BAIE ED S L TEMRIAD DL Tofi LT\ e, (kEa 26 D
7 F IV E GRS LR Do TR 50 loading plot 12 L % & (Fig. S1-4b & ), A ~D %
HRorid HoO o> 7 v, Aj3E (RIEFER YA ARPE) ~OFFHRGIE 26 1ZHKT 5
7F 0 (843 -4 ppm KX 5.1 ppm MDY 7 F ) RKAS~DELEEDIL 6 R ED
monoterpene AKX OV YV A NIHICHK T H L T TV ThHoToZ ERbhrote, T
OFERITIERELE 2 W2 /E R & —B L7z (Fig. 1-5a. b, e, f), HREEIEA ORI 72
%453 T 5 25 IZANORXHNZFTFE LTen, fRo 7o 7 N — 7 ORI ORESIX Fig. S1-4e
L flcBlEis e, Fig. S1-4e OF 3RRIZBWTIE, HANKURA 7T ro—E (A
Rj® D1, D29, #RAjd D12, D13) BNEARV G- TEY, ZOEHEHIIT 6 72 L1k
S 115 monoterpene X R Y A NV EKERT HILEMTH T2, T HORRIT
gHNMR & HPLC ZH W BB E —H Loz, (LA 26 O 7 F NV EREL
iR A1 4% = o loading plot (2 X % & (Fig. S1-4d & h) . AR ~D L2 FH k455 1%
monoterpene HIZH KT DL 7L ThH Tz, AERSRA~D %5553 monoterpene
XU ANEKOU T NVICHEKT A EEBE L LN, T ORERIE gHNMR &
HPLC Z W EsAs R & — B LedoTo, LEORERN G BoEoffz —E (100)
T DAL TR, ATEROXGE B E Lz PCAICITE L TV e 2 VRIS T,
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(2) P. lactiflora XU} P. veitchii % 2R & 3 %5 5% D PCA FER KR B £

LRI 28 572 2 AR AT DR I ZE R AT+ 5 2 L &2 B, P, lactiflora % &I &4
DARR] 6 BRI L P veitchii % 35 & § 2 RA] S kA x5 & LT, PCA%ITo72, £7.
T—=2< N v 7 AOERFIEE T2 BT, FREn e 5% (Table 1-7 &
S1-7) THEk LT —%~ FU v 7 RZxk LT PCA 217> 72, EDRER% Fig. S1-5 &
Fig. S1-6 {759,

B 5007 =42~ ) v o7 2% HWTHER L72 PCA @ score plot (Z351F 54 27 /L
— 7 DOXBIOFER, FEFHD DENZ L > TREMNIZ 2 27— (P lactiflora % &7
ET LA E Poveitchii & LR & 2 7R7%)) IZKBIE LTz, Wi ORBIE, B EORE
Z 100 & L CHIMbZ1T -7 PCA OfER (Fig. S1-6) LV & ThHh -7, £,
loading plot (23T, KRN FET 5 alisr OB/ EWITBII S e o 1o, (bE1) 26
M & X2 FE D TIER < —EOBIEROXHNCEF S L Tz, P lactiflora %
FEFE LT AR O XBNZIE 6 72 £ D monoterpene B3, P, veitchii % R &4 2RI 1%
18 L 22 NHETHMHANH D Z ENbrotz, LLEORERIT gHNMR & HPLC % Hv
TEBEORERE —FH L=, PCA TlE otk s e oz,

A RIOIRNT Clx, BRI Do e h, T —T N TOMREKEDE DR K E
KBS, BARDEETHERSNZT =2~ MY v 7 2% AW THIT 21T > 72 BRIZ,
TN—TDXBINEELIZEZEZEND,

(3) P. lactiflora % O* P. veitchii %z 27 & 3 % 7~ © OPLS-DA #&R Kk V& %%

(2) P. lactiflora }x O° P. veitchii % 35 & 3 5775 D PCAFER K OELL] T LIoHE
RIZED & FRANTRFREY DOENZ L > TRENZ 2 SO 7 N—FITKFIENT, &’
2, WEEZXOBREICXKA L, BICHEST O 2 /AT I 2AE LTRARDSE
R Li=7 — %~ N U w7 Z1Z% LT OPLS-DA #1772,

[(2) P lactiflora }x O* P. veitchii z 355 & 3 5775 D PCARER KM OELL] OF —4~
U > 7 2% T OPLS-DA 1T > 2% Fig. 1-6 & S1-7 1T~ d, T—#~ U >
7 ADVEREGME Table 1-7 & S1-8 Ik L=, T DfESH, 4 Score plot & 7.5 &, &~
(DENERL T—=2 < MY v 7 ZAOERIEDENZER 2 < P lactiflora & O P. veitchii
IR L T ARANIHMICXB S iz, & splot ik D &, 6 72 & D monoterpene FHIL
P. lactiflora % 3 & F 5 RN OXBNZF G L, 18 & 22 X P, veitchii % )i & 3 2 -A50
XRNZFEH- L Tz,

34



RPR samples derived from P. lactiflora W rPr samples derived from P. veitchii

Score plot S-plot
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Fig. 1-6 OPLS-DA results using data matrix converted from "H NMR spectra of 11 RPR samples derived from P.
lactiflora and P. veitchii (normalized to internal standard). The creation conditions of each data matrix were
summarized in Table S1-8. Score plot: the numbers indicate code no. of samples shown in Table 1-2. S-plot: the
numerals indicate chemical shift (&n in ppm).
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(4) T—F~<F ) v 7 AOEREICETHER

NMR 7 — % Z fiv/= PCA %2179 12&H 72> T, NMR JIEED#E Y ("TH NMR &
gHNMR) . RIALERYE (sucrose * 7 VRO FHE, HIIL L) OEWEMAE Y
TTF—4~ bV w7 AEAER LT, RWT, Zih & AV Tz PCA % it L7z,
ZORER, T—F~ MU v 7 ZADIERFHIZ LT, 7 NV—T ORI & ZIZH ST
DRATIIE ORI BT,

L&Y 26 DY T FADEE :

NI BT HFEPENER 21X, 6 R ED IRRE@MEW L ZE 2 bhd, Ll EED
FER, 6 OFEEIL. NEPIZEEN T —RMED TH D 26 FOFREL T S &
WMETHDHZ L3 bho7= (Fig. 1-3, Table 1-4), 'H NMR 222 ML ZHERLIZE 25,
NEEITIT 26 NELBENDL LD H T, I T, 26 DV T FNLOFEICL->TI L
— 7 DORXINCEET D ZIRAGHEMIE R D 0 E RS LIz, P lactiflora % FEH &4
LHRFED PCA OFERTIL, 26 1%, PEFEK O HARENILD 7 — 712553 5 FHAk
4y LCRT Sz, — T, 26 O 7 FAEBRSN LT PCA IZBWWTIE, L% D

CTIRREEEW S TR & LTS & vz (Fig. 1-5¢. d. g. h). P lactiflora & P
veitchii % SR & § 2 RA500 PCA OFERTIL, 261X 2 2D 7 NV —7DRBNZHET D
DTIERL . —MOBEOKBNCEE LT\ iz, LAY 26 DY 7 VRS OA T, 7K
Aj® OPLS-DA fRICHE LN ENRBEI N, ULEDZ b, ZIRAHED O
ZEREPPOICTH7201E, 26 OV 7 F N ERETLIHFNEWEE X bz, HPLC
5 TIL 26 72 EO—ARHFED & 6 72 & O ZIRIEHEW & FIRFIC /0T 92 2 LN TE T,
TNENDLEWITE LT oSt DTt T o 0B R H 5, — 5T, NMRETIX
AV - DMSO-ds 2 NMR A & L THWS Z & T, —kREED & “REEYD &
FIRFICHES D 2 ENAEETH D, NMRIEZ WD Z & T, —RICHIEY & kG
MeaBEDLE TEERMTT LI ENARETH D, S BITERA LW — IR PEY DR
PO I Ly T MZET AIERAHIVUE, D> 7 F % NMR JIERICERIN TS
ZLENAEETH LD, HITG U THEWST S Z N TE S, ZuE, NMR 2~<7 |
NERWIZEZEEMIT O EO—D>ThHd EEZ BN,

Ny MR EDHEAL

SEIOMHTCIX, Ny MESEOBKLIEE LT, PIEREE (RREHIIRERE O
WNEEHEWE 2 N L, WERTEME OFEME % I E A7 v NESEEZBRE T 5 HiE) L.
FREID AT A OELNEAEORME —E (100 72 L) (2T 25 HED 2 2%
1Tot, BMEORIEZ —E (100 72 &) (27 2 FiEE AWM ik, SRmiEm
T« FHENE R OEMIZ K> T/ A—FIZXFIT 5 Z LN TEh, BoEORMmzZ —
2T D HEALIEE O Clx, — OO 7V —7 53 F I3 B Th - 7= (Fig.
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S1-4), WEEHEEIL, JCOREMEE A7 — Y 783, WIEEEDE O EIZIS U T
HANT Y MESEERE T D,

P. lactiflora % 3 & 3 R3O PCAFERIZ IS & (Fig. 1-5. S1-4), BAAIXIEN &
P LT 2 G EAMES (111-232mglg. D4 % F<). #O NMR 227 kLo 42k
DY T FINVOFREGER/NS Y, —T, NEELERNII= XA EENE L (208-467 mglg) .
NMR A7 MV OFEGEN KR E VN, ZDT, PR CHILEZTT>72 PCA Of5HR

(Fig. 1-5) @ score plot TiX, HAO T 1 v b OOATIEHIREMEANIZH 223, AJ3E
EARRNJDT vy DML HEMIAIZH 5, B EORMA —EIZT 2 HETIE, BIE
L OFEMEORIZ [F—I2 B LT 5 (Fig. S1-4), ZHUT LY, =X AGEN DL
ANy MESGEORFA/ NS WA, BRI D BTy FRESEARE S AHS
L. W, ATy MESEORIBRE WAL, &7y MEGIHIT/ NS S AR S
Do ANRD X D IZAAT O F A GBIz, 2D NMR A7 ML OEFEKD /N
v MESEIR/ NSOV, AR LRI AEBEREWZD, EERONT v S ESE
IIREWV, - T, Fig. S1-4 @ score plot IZFBWTliL, HAIDRKSY 7' 2 7 7 A JLDEL
FIER S, —FH T, AEERNOEWVTHR/NSND Z &b, BAOT vy hDOSA
R S B A & 72 0 | NJERERAT O T 1y R ORISR R o 7o, B
ST, ZOHBIEHEZ, =FACEFINEMOEEGZEITHIT L TnD I &I
%,

P. lactiflora % O* P. veitchii %} &3 2 77~jD PCA (Fig. S1-5, S1-6) & OPLS-DA

(Fig. 1-6. S1-7) OFER T, RFHMEYOEWIZL > TRENT 2 71— (P
lactiflora % &R &3 2 7-7A L P veitchii Z 55 L 3 5 R7)) (KBl STz, ARRO P
lactiflora % JEJR &3 28k (BRI, ATHE. JRAY) Offfr & R7p v | T W P
lactiflora }2 OY P. veitchii % 3£ & 3 B 0RA O 2 fR{IK O = % 2 & &3 322 — 590 mg/g TH
V. P lactiflora Z 3R &3 28 (AR, N3, LUURAT 111 — 467 mglg) [HDIEXH
DXL DL NSroTe, W T, RO NMR A7 bV OEFERD > 7 F L

DIESMEDO BRI OMIK T & DRI, P lactiflora %5 &35 AR, AjE, FRATMO
H O L L CHIRIS NS e ode, 2D, Hkg{bikoEWZ L 5 PCA & OPLS-
DA Di#ERIZHEVEVHAH RN b D EEZ B,

PLEDOBRITH LT, WIEEEEISRIEKICEENLEMOEELZEL S XBTE 2
EBERADLN, =X A G ROEN LRI R G 2 DB A /NRICT D 7201
WIEHEE A W TR BRWE B X bivd,

NMR JIEEDE :

BIEEDEWIZ K 5 580X P lactiflora % JEJR & 3 247380 PCAFE RIZHB W THIZE S 1L
7= (Fig. 1-5), FNjO—IIMHEEA S NI DO TH Y | ZORHERI sy & LT 25 2
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H%, 'HNMR A7 fL7—% % 7= PCA @ loading plot iIZ3\\Ci (Fig. 1-5b &
d). 25 DT I AN T MEZZ V=T OXBNEFE T D4 & LTRSS e hoTz,
—J5. ZDO7 I BT Mk gHNMR A7 f LT — % & = PCA @ loading plot
IZBWTEM =z (Fig.1-5f & h), £72. 'HNMR 27 KL% 7= loading plot (2
BWT (Fig. 1-5d), HRANJOFGHI E LT 18 /&7, gHNMR & HPLC OE&ED
ERAMRLIZE A, FNICEEND 18 DE R, PEEATIES AAEAIEDO L O &
T, REREFEOVRBDOONR N2 D, Mol RTHD EEZ LN,
gHNMR 2227 R LIZEIT 5 EIZ. HNMR 2227 LD (D L0 biEPIZEEN
HALEM O EE IEREICKBEL TV D, - T, 'HNMR A7 hL i b gHNMR A~
7 MVERWTEONET =2~ ) v 7 ZDIFI N PCAICHL TV &2 bz,

P. lactiflora % O* P. veitchii % 3R & 3 % /77"jo PCA (Fig. S1-5, S1-6) & OPLS-DA

(Fig. 1-6, S1-7) OFERIZIHNT, BARDEMHETER LT —4~ M) v 7 Z& Wiz
%77 7MIE, I N—T ORBIROEICEH G T DR W E W & R T 7
MmoloZ EMBH . NMR JIEEDENIL, RATD PCA & OPLS-DA ORI LT
RNEEZ BT,

LLEDHZLZIZ LD AEOMNTIZ, qHNMR O ZA~7 RLzflE L, WEEHEEZ v
THEBIL LT =2~ M) v 7 A% H L CEERMHT 21T 5 HIENK b L2 HIET
HDHZENREBEEINT-, Sucrose (26) OV 7 FILOFMET, BIIIGE U THEWSIT D)
MREWEEZZ b,
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1.3 /&

AKEFETIX, P lactiflora Z 37 &35 BR), A/R), HIERE K OV A APEDORNTHEEF 31 ik,
e OF P veitchii Z R &9 %088 S ik 2%t L LT, 'THNMR 27 b L7 — 2 & fjun
T TR 7 74 Y 7 & SEBMIT ATV, BREEY, EM, T - REEOE N L
R DBIRZ AT LTz, E7o, MERIEORR L HET 52 LT, NMR A Z AR m—AED
B LR L. T DOHTELHNL LT,

ETHOIL, FAFETZFAD HNMR 227 MLZHE L, GO AT F L
LD EIT o Tz, EDfER, albiflorin (4), paeoniflorin (6), benzoylpaeoniflorin (9),
galloylpaeoniflorin (11). oxypaeoniflorin (13), PGG (18). catechin (19). benzoic acid
(21). gallic acid (22). sucrose (26). D-glucose (27) @O 7 F AR i, b Dk
AP FAIEENTNWD 2L 2R L, £, LEW 6 2D S 2K &
72 % sulfonated paeoniflorin (25) (AR L7- A4 (D2, D4, D29 %< EA) KO
TRA] D16 DR S S iz, AMEEW ORI 'TH NMR 227 ML 7 L%
MNHET XA THRINEND ENOEMO LD L TR SignofzZ &b, TH NMR %/
WIZR R T 07 7 AV o ZEE BUEEAR LN ORI AL 0 D5 LB
Z BT,

RFEIZIX, 1E2T H paeoniflorin (6) & #E{E19- 2% monoterpene FANZENTWH Y, 2
B ITHE LT pinane ‘B, N2 Y A VEOBEEGEZFF > T\W5D, ZOFKEHEICH
*9% HNMR ¥ 7 FADr I N7 MIUEER UfEZRT 729, 'HNMR 7—4
TINOILEMERIET D Z EITH L2 o7, ZORIE NMRIEICK DT 7 74
Vo TDORRETHD, LrL, BUTLIEBBELZ b LEWE XK+ 25 2 &ixTEh
W, B E TR TE 572%, monoterpene OB G EZMHHEICHEEL 5 Z &
MWTEDLHEEZLNTZ, 72, gHNMREZHWT, (LA 4, 6, 18, KU pinane F#%
ZFEo TV 5 monoterpene & &% Em L, AFHEEATIEORM 72y 2 5z Lz,
ZORRZ Y, 1ERIED HPLC OFE SEfEH & ik L, gHNMR HiEO 242 MEE L7,

—J7. —RACEHFED D 26 1X HPLC <° LC-MS TORIEAREEETH 722 L 0vd . LLR
DOMFFETIT R Z ST e, RETIE, T TIZIL - %% O P lactiflora % 57 &
LIEMAMFETH D HER] ZHWT, T - FisE (BRI ORIRRGFOA HE, JEFE
DB LOAME) OENILD 26 OFEDENVEZMRT L, LEEOMMMHED 75%
EtOH =% X {22\ T, qHNMRIET 26 2 E& L7 &2 A, =F AL 26 DEEIZITED
FHEA (r=0.997) "2 Z Lhboolc, RELZITHOT, R IER, Fnm LA
ZATD & 26 DEEMES LD T ENDNY . AANTOTF A L 26 OEEIMEWEIK D HE
WElz, F£721 7 AHORIELHEIT 26 DEELZHLCT Z L b o7z, LLEORER)
O, PERIETH D HPLC L L FERIZ, 'TH NMR TORy 7' m 7 7 A4 U o 7ikiE, KRS
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ML - FREHEDEWIC L DR OEN AT ATRE TH D Z LD | KFIEOR
AMEZRTZEMTET,

ZEEMMTEAT DI T-> T, WEEOEN ('HNMR & gHNMR) L HTLELE (26
DY T IR OF I, BALTIE) OB WE BRI 5 2 & T, SEEMITICHN
DAY NVT =X Ol BRIE RN LT, fwib LSRG TR ohET—4 < k
U w7 AEHWCEERMRNTT 52 LT, P lactiflora % FEJR &3 HRJ38THE, BREMER
IO SN 7z AN OXBNITE ORHE ML EN TH D 25 NHFETH 2 &, AARMEK
ONREPEATIRIZIZ 18 & 22 3% 5- L, JRAJICIE 6 72 £ D monoterpene $83 % 5445 Z &
Moo tz, P lactiflora O P. veitchii Z 37 &9 2% 2 FOFRATZHONTIL, 6 72ED
monoterpene $AiX P. lactiflora % 35 & RN OXBINCE G- L, 18 X° 22 1% P. veitchii
BRI ETHRNICHGT D EBbhote, o, AHFFEITND CEIRD L2 BT
IZFB1F 5 NMR 7 — Z ORI S ED B 2 i LT,
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% 2 B NMR AZRa—NEOR A BRER DR D 707 7 AV 7L S8 BffHT

BRI, SRR RERICTIR T, #2451, MR, BB oMt E U TEN
SNTEY, BIEOTETITESLEESi O/ ALGEIISH SN TV 5H[28], BT [T
#E N RAEFNEZEH 2020] 1I2BWT T TR F DT~ 7 T AR Drynaria fortunei (Kunze
ex Mett) J. Smith DIRZFIE L= DO TH Y | FEE(LEW TH 5 naringin % 0.5%LL &
DLHESNTVWD[2, Zedk. WRA-F4A 7T v 7 X Ylist] (X% &[67], ~F
~ 754 D. fortunei lZ. D. roosiinakaike ® /) = AL INTEY . KL TIINT~
U TR D4 E LT, D. roosii A L72[68], D. roosii \Z ¥k D ERHEICE TN D
FHERK Sy TH D naringin, neoeriocitrin, & ONE D OASARNEER 3 13 HUEHLIERIE MEH 234
HEINTWD[69-71], F7-, BHEMORIZIZ, 79K /A R, Z7z=rT a4 K,
T )N, AT N T =V R ENEEND Z ERRESINTWS[72-74], —
Ji. MBFFEFTRAERE Y B OB B IE, ARl OKTF RIZITT I nA R B BRI
AH ISR ZE G 1 U 2R B HRIER ., KO VY g = —F T L~ 7 A (5XFAD mice)
2B D IARERAGEIESEEA A ® Y . naringenin-7/4’-O-glucuronide 23 MPNIZEAT9 5
TGRS T D Z & 2 WE L TR V([75, 76]. BHAHILT /LY A~ —T[ DIREIE DA
ELTHIF SN TVDICE - TS, ZOX) 2Bl Enb, mimbitaogisk s & bic,
Lt BRHEOHERAMNERT 5 2 LB RIAEN, D. roosii %R ET 584X, BAR
FIRITHMVESMIRE 2022 (RFMEM 2022) 12U STz,

LarU, BUEDTHSICHIE L TW D BRI Z AT B2 CTHEIEMTH 2, B
REICIE, BUE, B#li & LT D. roosii OARZETZT T2 <, PEOBRIEE L #HE T
[ )& D. sinica Diels, H[E D FE# Tl D. quercifolia (L.) J. Sm.. D. bonii Christ, KTV
J 7RO K J1% T 7 7 Araiostegia divaricata Blume var. formosana (Hayata) M. Kato
(=Davallia formosana Hayata [67, 77]) 72 & OIRZEDVE WL & L Ciitil L T 5 (Table 2-
1)[28, 78], Araiostegia divaricata var. formosana % F:J5 & 3 5 B e O EELAWIE(-)-
epicatechin-3-O-B-D-allopyranoside THh %5 Z &, KOZFDOKTZF AR 95% EtOH =% &
EPUBEHEREEA 2 b O Z ENME SN TWA[79], — 5. Araiostegia divaricata var.
formosana |2 2D\ Tl L7V A <= —JRICBIE T 250138 E S vy, £
728, Araiostegia divaricata var. formosana & D. roosii \Z i3~ % Bt O 7 SR 1 3R
Th b,

BRI 2 IR IR L THOY O b DL H 505, Bih & —FEIcH o
LWHNMERIMLE LTSN TWD2bDLH 5, BT —KAICEROBA I E D
NTWDZ e, EREDHNERETZENHELWEREELZ LTS, Ez, REIX
N2 D FEOBRIC F MR 03025, WhE, Zh b ORRE L - WHE LB R 2 YeE T
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LIDIATbiL D, BIRBIISA NRES N, OIERR E BT 2720, MR ESIC
2%, LML, R OBRITHEIZEIVFERH Y . Zh b DORREBOEW & B O [F
EWIEMT 22 & B ARE[B0] & STV A2, W oBEENEhd &, R kb
HIFRORETNEE L 72D, Flo. BB KIETZBIZONTH FoICHLNICS
LTV,

U EDBE RN, B2 8IE T 5720 v ARG K D BRIRETE D BRSE &
EHEOBWAHO RS BEE R LTI T 5 2 EBBETH DL, ZHET, D. roosii &
Araiostegia divaricata var. formosana D%y D 72#[72, 73, 78, 79]1X°. D. roosii \Z& £iL
% naringin & neoeriocitrin O & &I A EIROENHRE SN TN DH[B81], LarL,
WD A Z R a— LTI BT 20581, 13E AL HPLC 2 Wb D THY | D.
roosii |25 £ %5 EER ALEWITAE R LT STV 5[80,82-85], LirL, ZHbd
WFETIX, EERDLSNDOEDIFFRESNTELT, TNOHIDOT 07 7 A Y 73
WS TVRYY,

ARETIE, BHMOMEEELCOBEZED D Z L KO X 5B/ 0 R R F
EEZRET D222 HIE LT, FEORR D2 a0, FEM, L - 3
THER EDOEREZROENC LT, ThODORB T v 77 A4 o7 B, KOS EEMR
. BBV THROEL L7 NMR A Z R — ALk HPLC IBICHAED D 2 &
TITo 70, FREORBMNRE 26N, RO ERDIEEWE 357290, D.
roosii & Araiostegia divaricata var. formosana 7> 5\ < DO DOLAW) & Bk - [FE L7,
2. AFRIIHO T NMR A % R m— AEE AV CTERE OB & i L 7o © o
%1231,

Table 2-1 Different types of Drynariae Rhizoma

Crude drug Producing area
Name in China

B

Botanical origin Synonym

Guangxi, Hunan, D. fortunei (Kunze ex Mett.)

;i e, Moy Drynaria roosii Nakaike 1. Smith
Gansu, Qinghai D. sinica Diels D. baronii Diels
Guangxi D. bonii Christ D. meeboldii Rosenst
Hainan D. quercifolia (L.) J. Sm Polypodium quercifolium L.

= Guangdong, Araiostegia divaricata Blume var. .
BTy
RIEE A Guangxi formosana (Hayata) M. Kato Davallia formosana Hayata
P Yunnan Araiostegiella perdurans (Christ) Da. perdurans Christ

M. Kato & Tsutsumi
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21 prRkE Bk

2.1.1 A & FEYIME

D. roosii, A. divaricata var. formosana, & (* Araiostegiella perdurans 73 £ O FEJFIZH
k2 HE & AATS M 39 Bk (EFEFEL, Table 2-2) . D. roosii |2 Hi>k3 % H1[E pEAE
YikTEL 4 ik (Table 2-3), &3t 43 ik z AWz, —FomgmidERm e L TIHEAS
NizbDOTh D, FLWEREZ Table 2-2 IR T, SMAEOELFHMIL, YHFFEEICEW
T, HERKIRD trmH-psbA IGS fEI A T35 2 & TIEMEICFIE S4172[86], 4T DOIEAIE
B R R E SR AT SR pT R RHE  (TMPW) IR fF ST D,

212 FE(LEY

BV EENDLRAEZRET D721, 13 HOFEELEMEZ M LT, ZD b,
naringin (28) [76]i% LKT Laboratories ff:, protocatechuic acid (32) [76] & D-glucose (27)
[4911% Fn O #li 38 Bk & 4L | sucrose (26) [B2lix 4 7 A4 T A 7 kK& 4| 5-
hydroxymethyl-2-furaldehyde (5-HMF, 38) [871iZ> 7~ 7 /v KU v F b lEA LTz,
Neoeriocitrin (29) [76]. 5,7-dihydroxychromone-7-O-neohesperidoside (30) [76]. caffeic
acid 4-O-B-D-glucoside (31) [76]. trans-p-coumaric acid 4-O-f3-D-glucoside (33) [88, 89].
ferulic acid 4-O-B-D-glucopyranoside (34) [90]. kaempferol 3-O-a-L-rhamnoside 7-O-f3-D-
glucoside (35) [91]. cinnamtannin D-1 (36) [92, 93]. M U¥(-)-epicatechin 3-O-B-D-
allopyranoside (37) [79]i3 4 #F 70 CHEE L 7=, HALAHOHEERE Fig. 2-1 1ITR” T,
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Table 2-2 Crude drug samples used in this study

Code no. Name Producing area Obtained from (market) Botanical original TMPW No.* Collection date
CnMO1 Gusuibu Dazhou, Sichuan Chengdu, Sichuan Drynaria roosii 28621 2015-09-22
CnM02 Gusuibu Guizhou Chengdu, Sichuan D. roosii 28622 2015-09-22
CnMO03 Gusuibu Xichang, Sichuan Chengdu, Sichuan Mixture of Araiostegiella perdurans 28629 2015-09-22
and Selliguea sp.
CnM04* Gusuibu Yunnan Hunan D. roosii 28630 2015-09-25
CnMO05 Maojiang Chenzhou, Hunan Hunan D. roosii 28633 2015-09-25
CnMO06* Maojiang Zhangjiajie, Hunan Hunan D. roosii 28634 2015-09-25
CnMO07 Gusuibu Jiangxi Xiaogan, Hubei D. roosii 28662 2015-10-16
CnMO09* Maojiang Guangxi Changsha, Hunan D. roosii 28788 2016-07-19
CnM10* Shachaogusuibu Hubei Chenzhou, Hunan D. roosii 28790 2016-07-19
CnM11* Gusuibu Guangdong Chenzhou, Hunan D. roosii 28792 2016-07-19
CnM12* Gusuibu Hunan Jianghua, Hunan D. roosii 28795 2016-07-23
CnM13* Gusuibu Guangxi Xing'an, Guangxi D. roosii 28806 2016-07-23
CnM14 Gusuibu - Xing'an, Guangxi D. roosii 28807 2016-07-23
CnM15* Gusuibu Guangxi Guilin, Guangxi D. roosii 28808 2016-07-25
CnM16 Gusuibu Guangxi Guilin, Guangxi D. roosii 28809 2016-07-25
CnM17 Gusuibu Guangxi Hezhou, Guangxi D. roosii 28811 2016-07-26
CnM18* Gusuibu (Chao) Jiangxi Zhangshu, Jiangxi D. roosii 28980 2016-11-01
CnM19 Gusuibu Guangxi Zhangshu, Jiangxi D. roosii 28982 2016-11-01
CnM21 Gusuibu - Yilong, Sichuan D. roosii 28987 2016-09-12
CnM22* Gusuibu - Mianning, Sichuan D. roosii 28988 2016-08-19
CnM23 Gusuibu Mianning, Sichuan Lugu, Mianning, Sichuan Araiostegiella perdurans 28989 2016-08-20
CnM24 Xianmaojiang Jianghua, Hunan Jianghua, Hunan D. roosii 28990 2016-07-21
TwMO01 Gusuibu Taiwan Nantou, Taiwan Araiostegia divaricata var. formosana 28744 2015-04-25
TwMO02 Gusuibu - Taipei, Taiwan A. divaricata var. formosana 28750 2015-04-25
TwMO03 Gusuibu Taiwan Taipei, Taiwan A. divaricata var. formosana 28751 2015-04-25
JpMO1 Gusuibu Baise, Guangxi Tochimoto Tenkaido Co., Ltd., Osaka Mixture of D. roosii and 28664 2014-10-14
A. divaricata var. formosana
JpMO02 Gusuibu Guangxi Tochimoto Tenkaido Co., Ltd., Osaka D. roosii 28666 2015-11-17
JpMO03 Gusuibu Guangdong Tochimoto Tenkaido Co., Ltd., Osaka D. roosii 28667 2015-11-17
JpM04 Gusuibu Guizhou Tochimoto Tenkaido Co., Ltd., Osaka D. roosii 28668 2015-11-27
JpMO5 Gusuibu Anhui Tochimoto Tenkaido Co., Ltd., Osaka D. roosii 28669 2015-12-02
JpM06 Gusuibu Zhejiang Tochimoto Tenkaido Co., Ltd., Osaka D. roosii 28815 2015-07-01
JpMO08 Gusuibu Zhejiang Tochimoto Tenkaido Co., Ltd., Osaka D. roosii 29049 2017-09-21
JpM09 Gusuibu Zhejiang Tochimoto Tenkaido Co., Ltd., Osaka D. roosii 29050 2017-09-21
JpM10 Gusuibu Hunan Tochimoto Tenkaido Co., Ltd., Osaka D. roosii 29051 2017-09-21
JpM11 Gusuibu Guangxi Tochimoto Tenkaido Co., Ltd., Osaka A. divaricata var. formosana 29052 2017-09-21
JpM16 Gusuibu Guangxi Tochimoto Tenkaido Co., Ltd., Osaka A. divaricata var. formosana 29057 2017-09-21
JpM17 Kotsusaiho - Uchida Wakanyaku Co., Ltd., Tokyo Drynaria sp. 29058 2017-10-11
JpM18 Kotsusaiho - Uchida Wakanyaku Co., Ltd., Tokyo Drynaria sp. 29059 2017-10-11
JpM19 Kotsusaiho - Uchida Wakanyaku Co., Ltd., Tokyo Drynaria sp. 29060 2017-10-11

*, Stir-fried samples; —, samples produced in Chinese mainland, and details unknown.
#, TMPW No. indicates deposition numbers of voucher specimens at the Museum of Materia Medica, Institute of Natural Medicine, University of Toyama.

Table 2-3 D. roosii specimens used in this study

Code no. Producing area Collection date
CnPO1 Jianghua, Hunan 2016-07-22
CnP02 Xing'an, Guangxi 2016-07-23
CnP03 Guangxi 2016-07-24
CnP04 Guangxi 2016-07-25
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Fig. 2-1 Chemical structures of reference compounds
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213 RS MO BRE - FR

(1) {tA% 29, 30, 31, 33, 35 DHH

&% 29, 30, 31, 33, 35 |X D. roosii \ZH k3 5 HATS M JpMO6 (TMPW
No.28815) LV HipfL7-, 7. A A4EIK (400 g0 ZHEL7, o mERIC,
MeOH 2.5L Z Nz, £ 1 FERDINBGERIC T 4 BIHH L7z, 0k, Bz &by TR
BEL, MeOH =2 (40 g) %#7%7=, Zi1% DIAION HP-21 < 2 (400 g, 50 x 360
mm) (Zff L, MeOH/H20 (1:4to 1:0, v/v) TiEH L, 5 >DiE4yr (Frs. 1A-1E) %4572,
Fr. 1A ®—# (10 g, 20% MeOH 75 7 > a>) # ODS MPLC 7 7 A7 u~ K757
4 — (577 2 : SNAP Ultra C18, 120 g) (2fF L., MeOH/H,O (10:90 to 100:0, vv) T
WH L. 3 o014y (Frs. 2A-2C) %#437-, Fr. 2B ®—#} (285.6 mg) % %yH HPLC i
XOSHEL, ZnFERAY vy FAEBAHEMALTIEA® 31 (169mg) & 33 (17.3mg)
17, AV vy R AL BIL IEBROEH] (Zi# Lz, Fr. 1B ®— (160.3 mg. 20%
MeOH 7527 v a>) % ODS MPLC 7 L7 u~ h7T 74— (724 : SNAP Ultra
C18, 120g) (ZffL. MeOH/H,O (5:95to0 100:0, viv) TiEHI L. 4 D5 (Frs. 3A-
3D) %437z, Fr. 1C ®— (2451.4 mg., 50% MeOH 7 Z 7 > a2 ) % ODS MPLC 7
Fhvua~ 777 4— (J17 2 0 SNAP Ultra C18, 120 g. MeOH/H20, 10:90 to 100:0,
V) IZE DL, 8 DDHSy (Frs. 4A-4H) %457-, Frs. 3C, 4B, K UN4C %A L.
ZDOIREME/7EL HPLC 12X v 3L (2 Y~ K A, 30 (153 mg) %Z1f7=, Frs. 4G

(466.4 mg) & 4E (139.7 mg) Z#ZNZENHEHPLCIZX V3L (XY > FA), fk
A4 29 (87.2mg) L 35 (12.6 mg) %1%7-, HAEED 7 1t X% Scheme S2-1 IZ/”7,

(2) {b& 34 L 36 DHEE

{bE%) 34 & 36 1L D. roosii \IZ K3 % AR5 TMPW No.31171 O HEE L 72, %
DOFEMIEPEIFEE TH O . FiIAKRMEE LV 2021 45 12 H 16 HICHEA LT, £9°, 4
HEHE (435.39) ML, MeOH2.5L 2 Adv, #9 1 RFREINEGERIZ T 4 FlhH L7,
ZO LiEE S, BIEEEEL, £ 60 g DX A&7, Zh%, DIAION HP20 7
Z 2 (400 g, 50x360 mm) % V>, MeOH/H,0 (20:80 to 100:0, vAv) TIEH L, 4 DD
5y (Frs.A-D) %f537=, S HICHIEbEMEEHT 245 (Fr.B, 59, 50%MeOH 7 7
7 a) % ODS #F . (SNAP Ultra C18, 120 g) (2L, MPLC % AV T4y L

(MeOH/H20, 30:70 to 100:0, VA7) . 3 > D%y (Frs.B1-B3) %437-, Fr.B1 ®—#6 (K
300 mg, 20% MeOH 75 7 v a5 ) ZHRHPLCICX Yy L (A Y v FC, [FERD
H#OZECHD . 34 (6.3 mg) AR, bEWIeEEHTHT T/ v a T Fn B G
yEN, DO (8.0 mg) % Sephadex LH-20 # 7 L7 u~ 2777 t— (MeOH)

IZTESHIHERL, 36 (34mg) #1572, HEEDO 7 =& X% Scheme S2-2 |Z7"7,
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(3) 1b&% 37 DELHE

ft&¥ 37 1X. A. divaricata var. formosana % &R L 3 % s & TwM01 (TMPW
No0.28744) LV HBEL 7=, #if L7=Z /B3 (400 g) Z kL. Aid & RIARICHNEE
iz kvt L, MeOH =% 2 (110 g) %457-, £ D%, DIAION HP21 7 7 2 (1100
g, 90x370 mm) % vy, MeOH/H.0 (1:4 to 1:0, v/v) TIRH L. 4 SO 4y (Frs. F-I)
Z1%7-, Fr.H (4111.3mg, 20% MeOH 77 7 =) % ODS 717 . (SNAP UltraC18,
120 g) (Zff L, MPLC Z MW 5L (MeOH/H20, 10:90 to 100:0, v/v), 3 DDy

(Frs. H1-H3) #157-, L& 37 25 A3 2 Fr. H2 Z /it & kD MPLC 2 Hv
TH® L, 37 (65.4mg) %137z, Hifffd 7 vk A% Scheme S2-3 (27”7,

2.1.4 NMR HIEIC W= B DO = % 2 OFFH

By ARA#K 100.0 mg ZFFE L. 5 mL ® 50% MeOH % A1, 70°C T 40min JnEdiH L
7=, mLrBfE (4000 rpm 20 min) Z17V, oz BEiEE SO CRIEREE L, L
Teo —OORBHI D& =% 2T 3EIER LT,

2.1.5 NMR JIEIZ Fiv 7= 3Bk D3RS
DSS-ds & WEEHEME & LT L 7=, (ZREEE L7230 X2 0.9 mL O PNFEHEIR
(DSS-ds / CD3OD : 0.04 mg/mL) Z/x, BEERLER L, =ELoBEEITv. 13 0.6
mL % B> CRlEHAR & L7z, NMRBIESMEIL TEBROE) (R Lz

2.1.6 gHNMR IZ X B2 FER S OEER

BHAHICE 0D 4 54y, naringin (28). neoeriocitrin (29), sucrose (26). &% ' D-
glucose (27) IZ gHNMR #£Z2 W CERE L=, L& 28 1% 8y 7.31 ppm (H-2', 6'), L&
1) 29 1 81 6.91 ppm (H-9). (A4 26 13 8n 5.38 ppm (H-1). K OMLAH 27 1% 84 5.09
ppm (H-1 of a-glucose) & 4.46 ppm (H-1 of B-glucose) D> 7 F /L Z3&IN L CTEE LT,
INODOTTFIMTHET HHESMEL 71~ o, NIEHEYE T 5 DSS-ds D 3 DD A
FAROTa ko (Oy -0.04 ppm, OH) ICHKT D> 7T AFEGE, 5 T&, RESL
K () IRAL, FEYOEREF R LE

l, H C
Content (mglg) = —— x —255 % My —oss X Ppss X VX 1000 (1)
|DSS HX MDSS WSp
=R/l H=7ua hodt M=/ TR C=lE (mg/ml)  X={t&% — DSS= DSS-d,

W= F AOHE X (mg) Wg =krAatst i (mg) Ppss=DSS-dMDHME  V =NEEHEAK O IR FE
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2.1.7 HPLC JIBIZ R IARB LB & T 7V OFEHE IR DR
gHNMR £%2 W CTERE(LEY) 28, 29, 31, 32, KO 37 OMELFRE LT, #bE
¥ 1-6 mg Z B IR L, NEYERR 0.8 mL (DSS-ds / CD3;0OD 0.04 mg/mL) %%,
A AR U, ¥R SE 7214, B 0.60 mL ZHt> T gHNMR ZIE L7z, FriozX (2)
WAL, BIbAOMEZFRE LT

ls Hpss Mg Coss
P. (%) = X X X X PpeeX 100 (2
S(A)) IDSS HS MDSS CS DSS ( )
|=F 57 fiE H=>"m k¥ =/ C=#A (mg/mL)

P=ifil S=IEHE L&Y DSS= DSS-d,

HPLC E&mDOMEM AR T 2720, ERLOBLAME OFEHELAEY 10 mg ZHE5 IFF

#/L.

10 mL @ 50% MeOH Z iz . WiESE 7=, Z Dk, KFREE OFRIEIK 2 Ve

L. ZORE L E—7 i TEEZ O TRERZIER L2, SHMEaWOmEREZ LT

W29,

28
29
30
31

. y = 3190625.64x + 21542.61 (R? = 0.9996),

: y=3008546.14x + 12248.85 (R? = 0.9999),

: ¥ =15460619.12x + 51895.48 (R? = 0.9997),
: y=8931990.61x - 3937.15 (R? = 1.0000),
32 :
33:
35:
37 :

y = 29530737.25x - 213916.84 (R? = 0.9998).
y = 6179282.19x + 6344.08 (R? = 0.9999).

y = 13058952.10x + 5191.47 (R? = 1.0000).

y = 946288.14x + 3529.25 (R? = 0.9999),

NMR IZH WK =X Z0RENRE Z I L, WfEE L7z, 0% X2 50%
MeOH Z Mz 5 mLIZAART v 7 Lic, D%, 0.2 um D7 4 )V Z—%HNTAilE L,
HPLC I E I AW 53Rk & LT,

2.1.8 HPLC &

IIWTITEHEHPLC v A7 A% [V TYT - 72 : Shimazu HPLC 327 2 (CBM-20A system
controller, LC-20AD binary pump, DGA-20A degasser, SIL-20AC auto-sampler, CTO-20AC
column oven, SPD-M20A PDA detector), %7 7 213 YMC Pack Pro C18 column (5 um, 4.6
mm x 250 mm) % fA 7z, BEIFEIL, H20 + 0.1% formic acid (A, v/v), Acetonitrile (B,
0.1% formic acid, viv) DIR&EIEBEE L, 77 Y= MILLFZHv7z 0 0 min, 12% B; 4
min, 16% B; 15 min, 23% B; 22 min, 36% B; 30 min, 60% B, % 7 AREEIX 40°C. JitiiE
1.0 mL/min, FEA&EIL1BESHD 10 uL, M E O#PHIL 200-600 nm & L7z,

48



2.1.9 ZEEMT

% NMR 7 —% O3 MESMEIZTIRO Y 7 b w7 =7 (ALICE2 for Metabolom) %
FAWCHUA L7z, R #PHIZ 18.00 »H-2 ppm £ T, /37 v ML OFE4IEIE 0.02 ppm
A% E LT=, DSS-ds(0.00 ppm). CD30D (3.30 & 3.34 ppm). KON H0 (4.84 ppm) (Z
KF Dy 7 FaBRIN T, Ee. ZRIGHEMICE B L TTIRIT T 572012, ka1 26
D> 7F v (5.38ppm, 3.90-3.00 ppm) & 27 D7 F L (5.09 ppm, H-1a & 4.46 ppm,
H-1B, 3.90-3.00 ppm) DS ZeET L7, Hoiic N7y MES DT — 2 1%, Excel IZ
A AR— L, BRIV TR Lol 72 715 Th 2 WIRREE  (WIEEHEY'E DSS-ds D
FEOMEZ O CTHA LT 2 H15) [22)% M L Ttk anz, 2ok, Fl LT —
B N w7 ZAEREENTY 7 b D =T (SIMCA-P 14.1) 124 R — b L, SAEEMMRIT
AT o7,

HPLC 7 —# 22\ Tk, & L7{bAY 28-33, 35, KUN37T O — 7 HfE4A AT
T—H< ) w7 AEER L, BLAEWO Y — 7 miElX, Z-score {E4 FVTHIME(L S
72194, 95], F D%, NMR F—4 & [FAKEIC SIMCA-P % FiU TS 28 BT 447 - 7=,
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22 FEREBE

221 BRI OEER S O BB - B

(1) LAY 29 O TEfRT

fba® 29 IZREEAOKEKE L TH LI, HRESIMS 27 RLIZEBWT m/z
595.1701 [M-H]- (calcd for C27H31045 595.1668., A + 3.3 mmu) (243 FA A E—27 R
Bl s, 'THNMR K OVBC NMR AL kL 6555 12 CorHa204s & HEE L7z, RUWNT,
29 ® 'H NMR A2 kLo CHRE[76]E O Ll (Table 2-4) 12k v, A{bAW%E

neoeriocitrin & [F7E L7,

neoeriocitrin (29)

Table 2-4 NMR spectroscopic data of 29

neoeriocitrin

Position

Oy in CD30D 500 MHz Oy in CD30OD 400 MHZz[76]
1 - -
2 5.32m 5.31dd (12.4, 3.2)
3 3.11dd (17.2, 13.0) 3.11dd (17.4, 12.4)
2.75dt(17.2,3.1) 2.75dd (17.4. 3.2)
4 - -
5 - -
6 6.14 d (2.3) 6.14 d (2.3)
7 - -
8 6.17 d (2.3) 6.17 d (2.3)
9 - -
10
1' - -
2' 6.91s 6.91s
3 - -
4' - -
5' 6.78d (2.3) 6.77m
6' 6.78 d (2.3) 6.75m
Glucose
1" 5.10d (7.6) 5.09d (7.8)
2" 3.65m 3.62 dd (7.8. 3.8)
3" 3.57m 3.58 dd (10.0, 3.8)
4" 3.38m 3.38 dd (10.0, 9.0)
5" 3.44m 3.42.dd (9.0, 6.2)
6" 3.87m 3.85m
3.65m 3.68 m
Rhamnose
1" 5.24 dd (4.6, 1.5) 5.23d (1.8)
2" 3.92m 3.92 dd (3.6, 1.8)
3" 3.57m 3.58 dd (10.0, 3.6)
4" 3.38m 3.38 dd (10.0, 10.0)
5" 3.87m 3.88 dq (10.0, 5.9)
6" 1.28d (6.1) 1.28d (6.4)
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(2) 1B 30 DOFEERE

It&® 30 ITHEADOH KL L THLIL, HRESIMS 27 FLIZHEWT m/z
485.1297 [M-HJ" (calcd for C21H25013485.1301, A-0.4 mmu) (25 1A 4 B — 7 H3 8]
&1, 'H NMR A7 M Ad 65513 CoqH26013 EHEE L7z, IRWT, 30 @ 'H NMR
Z 7 b L O STk E[76]E @ L # (Table 2-5)

dihydroxychromone 7-O-neohesperidoside & [F]7E L7z,

Table 2-5 NMR spectroscopic data of 30

5, 7-dihydroxychromone-7-O-neohesperidoside (30)

5, 7-dihydroxychromone-7-O-neohesperidoside

Position On in CD30D 500 MHz O in CD30D 400 MHZz[76]
1 - -
2 8.04d (6.1) 8.04 d (6.0)
3 6.25d (6.1) 6.25d (6.0)
4
5 - -
6 6.47 d (2.3) 6.46 d (2.4)
7 - -
8 6.65d (2.3) 6.65d (2.4)
9 - -
10
Glucose
1 5.17.d (7.6) 5.17d (7.2)
2' 3.71-3.55 3.67 dd (9.6, 7.2)
3 3.71-3.55 3.59t(9.6)
4! 3.38m 3.40 dd (9.6, 1.2)
5' 3.50 ddd (9.9, 5.4, 2.3) 3.50 dddd (10.0, 5.6, 2.0)
6' 3.87d (2.3) 3.88m
3.71-3.55 3.63m
Rhamnose
1" 5.26 d (2.3) 5.26 d (2.0)
2" 3.93m 3.93dd (3.2, 2.0)
3" 3.71-3.55 3.58 m
4" 3.38m 3.36 dd (10.0, 8.0)
5" 3.89dd (6.1, 3.8) 3.89m
6" 1.29d (6.1) 1.30d (5.6)
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(3) L&t 31 ORI E

La®w 31 THEOSHRWE L L THELNTZ, HRESIMS X7 hLIZHEWT m/z
341.0868 [M-H] (calcd for C1sH1709 341.0878, A — 1.0 mmu) (25314 A2 ©— 7 23]
2341, HNMR A7 RL7a b 533K CisH1g0g EHEE L7z, KUWNT, 31 D 'THNMR A
~ 7 MV OCEME[76] & Dtk (Table 2-6) I2 Xk V. A& % caffeic acid-4-O-B-D-
glucoside & [FlE L7z, £7z. BIUKMREER (TEBROE] IRl Tnd) 12kY
31 O¥EER % D-glucose & IE LT,

caffeic acid-4-O-B-p-glucoside (4)

Table 2-6 NMR spectroscopic data of 31

caffeic acid-4-O-B-D-glucoside

Position : z
Oy in CD3OD 500 MHz On in CD30OD 400 MHZz[76]
1 - -
2 7.09d (2.3) 7.07.d (1.8)
3 - -
4 - -
5 7.19d (8.4) 7.18d (8.0)
6 7.03 dd (8.4, 2.3) 7.01dd (8.0, 1.8)
1 7.54 d (16.0) 7.46 d (16.0)
2' 6.31d (16.0) 6.32d (16.0)
3’ - -
Glucose
1" overlap 4.83d (7.2)
2" 3.54-3.37 3.50t(7.2)
3" 3.54-3.37 3.471(7.2)
4" 3.54-3.37 3.40t(8.0)
5" 3.54-3.37 3.45m
6" 3.90dd (12.2, 2.3) 3.90dd (12.0, 2.2)

3.71dd (12.2, 5.4)

3.71dd (12.0, 2.2)
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(4) &% 33 DOREERE

ft&w 33 IXTAMAOHRME L L TH L=, HRESIMS A7 LLIZHEWT m/z
325.0934 [M-H]- (calcd for C1sH170g 325.0929, A + 0.5 mmu) (25 FA 4> & — 27 738
2253, "H NMR &Y 8C NMR A7 hLind 5313 CrsHigOs & HEE L72, RUNT,
33 @ 'H NMR KT 8C NMR A7 kLD CHKME[88, 89]1 & D tLik (Table 2-7) 2LV,
AbA W% p-coumaric acid 4-O-B-D-glucoside & [A1E L7z,

p-coumaric acid 4-O-glucoside (33)

Table 2-7 NMR spectroscopic data of 33

p-courmaric acid 4-O-glucoside

Position compound reference data
Oy in CD3OD 500 MHz ~ &¢ in DMSO-ds 125 MHz &4 in CDsOD 400 MHZz[88] Oc in DMSO-ds 125 MHZz[89]

1 - 128.0 - 128.4
2 7.54 d (8.4) 129.7 7.55 d (8.5) 131.7
3 7.11d (9.2) 116.5 7.12d (8.5) 118.7
4 - 158.9 - 157.9
5 7.11d (9.2) 116.5 7.12d (8.5) 118.7
6 7.54 d (8.4) 129.7 7.55 d (8.5) 131.7
1 6.36 d (16.0) 117.3 6.36 d (16.0) 116.6
2 7.59 d (16.0) 143.4 7.62 d (16.0) 142.7
3 167.9 167.5
Glucose

1" 4.96 d (7.6) 100.0 4.96 d (7.5) 100.0
2" 3.50-3.35 73.2 3.70dd (7.5, 7.0) 73.2
3" 3.50-3.35 77.1 77.0
4" 3.50-3.35 69.7 3.40dd (9.0, 7.0) 69.7
5" 3.50-3.35 76.6 3.46 ddd (9.0, 5.2, 2.1) 76.6
6" 3.89dd (12.2, 2.3) 60.7 3.90dd (12.1, 2.1) 60.6

3.69 dd (12.2, 6.1)
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(5) (LAY 34 DREEIE

tE&Y 34 ITREOIEEME L LTHLILZ, HRESIMS A7 RLZHBWT m/z
355.1033 [M-H]- (calcd for C16H1909 355.1029, A + 0.4 mmu) (5 FA 4> & — 27 738
254, TH NMR KT 8C NMR A7 R L4312 CreH2009 & HEE L7, IRWNT,
34 ® "H KTV 3C NMR A7 L OSCRE[90] & DLk (Table 2-8) 12XV, A&

% ferulic acid 4-O-B-D-glucopyranoside & [6lE L 7=,

ferulic acid 4-O-B-p-glucopyranoside (34)

Table 2-8 NMR spectroscopic data of 34

ferulic acid 4-O-B-D-glucoside

Position compound reference data
Oy in CD3OD 500 MHz 8¢ in CD3OD 125 MHz &y in CDsOD 250 MHZz[90]  &¢ in CDsOD 500 MHz[90]

1 - 130.7 - 131.1
2 7.24d (1.5) 112.4 7.24d (1.7) 112.2
3 - 151.0 - 151.1
4 - 150.0 - 149.7
5 7.17d (8.4) 117.4 7.17d (8.4) 117.6
6 7.14 dd (8.4, 1.5) 123.4 7.14 dd (8.4, 1.7) 123.2
1 7.60 d (16.0) 146.0 7.56 d (15.9) 145.0
2' 6.38 d (16.0) 117.9 6.40d (15.9) 119.5
3 - 170.7 - 171.6
OCH; 3.89s 56.8 3.90s 56.7
Glucose

1" 4.96 d (7.6) 102.2 4.96d (7.5) 102.4
2" 3.50-3.35 74.8 3.50t 74.8
3" 3.50-3.35 77.8 3.40-3.53 77.9
4" 3.50-3.35 71.3 3.40-3.53 71.2
5" 3.50-3.35 78.3 3.40-3.53 78.2
6" 3.88dd (12.2, 2.3) 62.5 3.87 dd (12.1, 2.0) 62.4

3.69 dd (12.2, 5.4)

3.70dd (12.1, 5.5)
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(6) LA 35 D& E

LA 35 XA R E L THELNTZ, HRESIMS A2 hLIZHWT m/z593.1514
[M-H]- (caled for Co7H29045 593.1512, A + 0.2 mmu) 25 FA 4 B — 7 REIE S,
H NMR KO BC NMR A7 R 655 F3 CorH3001s EHEE L7z, KWT, 356 @ 'H
J OV 3C NMR A7 b LD SCEE[91] & Dbkl (Table 2-9) 2k V., 727U a0
kaempferol & [FE L7z, HBMC OF5HRICE D H-1"Z C-3 &, HA"E C-7 LHHERH Y |
glucose & O rhamnose DN E L, TNENTAL, SN THDH I xR LT, LLEXD,

A& % kaempferol 3-O-a-L-rhamnoside 7-O-B-D-gluco

side &A@ L7z,

OH

kaempferol 3-O-a-L-rhamnoside 7-O-B-p-glucoside (35)

Table 2-9 NMR spectroscopic data of 35

— key HMBC correlations of 35

kaempferol 3-O-a-L--rhamnoside 7-O-B-D-glucoside

Position compound reference data
dx in CD30D 500 MHz Oc in CD30D 125 MHz HMBC (H—C) O in CD30D 400 MHZz[91]  &c in CD30OD 100 MHZz[91]
1 - - - - -
2 160.0 159.7
3 136.4 136.4
4 179.8 179.7
5 - 162.9 - - 162.7
6 6.49d (2.1) 100.8 C-7,8, 10 6.47 d (2.0) 100.8
7 - 164.7 - - 164.6
8 6.76 d (2.1) 95.7 C-6,7,9, 10 6.72d (2.0) 95.7
9 - 158.1 - - 158.0
10 107.7 107.6
1 - 122.1 - - 122.3
2' 7.80d (9.2) 132.0 Cc-3,4', 6 7.78 d (8.0) 132.0
3 6.93d(9.2) 116.7 Cc-1,4"5 6.94 d (8.0) 116.5
4 - 162.3 - - 161.7
5' 6.93d (9.2) 116.7 c-1,3, 4 6.94 d (8.0) 116.5
6' 7.80d (9.2) 132.0 Cc-2,4'5 7.78 d (8.0) 132.0
Rhamnose
1" 5.39d (1.5) 103.5 C-3 5.39s 103.4
2" 4.21m 71.3 - 4.23 brs 71.2
3" 3.56-3.31 72.1 3.94m 72.1
4" 3.56-3.31 73.2 345m 73.1
5" 3.56-3.31 71.9 3.50m 71.8
6" 0.92d (5.5) 17.7 0.92d (6.2) 17.6
Glucose
1 5.04 d (7.6) 100.9 Cc-7 5.06 d (7.2) 101.5
2" 3.56-3.31 74.7 - 342m 75.1
3" 3.56-3.31 77.8 3.40m 78.0
4" 3.56-3.31 72.1 3.31m 72.1
5" 3.56-3.31 78.4 3.19m 78.3
6" 3.92dd (11.5, 2.3) 62.5 3.51m 62.4

3.70m
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(7) L& 36 DGR E
LA 36 13RO RE LTHELNTZ, HRESIMS A2 hLZHVT m/z863.1802
[M-H]- (calcd for CasH3s01s 863.1823, A - 2.1 mmu) 25 F1 A B — 27 RIS,
H NMR & BC NMR 22 kL5533 CasHzsO1g L HEE L7z, KUWNT, 36 @ H
J Y BC NMR A7 b Lo SCHkIE[92, 93]& Dbk (Table 2-10) 12XV, KAz

cinnamtannin D-1 & [A& L 7=

HO

cinnamtannin D-1 (36)

56



Table 2-10 NMR spectroscopic data of 36

cinnamtannin D-1

Position compound reference data
OH in CD30D 500 MHz Oc in CD30D 500 MHz OH in CD30D 400 MHz[92]  &H in CD3OD 600 MHz[93]  &c in CD3OD 600 MHz[93]

Unit |

C 2 - 100.0 - - 100.0
3 345d(3.1) 67.2 3.47d (3.5) 3.45d (3.5) 67.2
4 399d(3.) 28.8 4.00 d (3.5) 4.00d (3.5) 28.8

A 5 - 156.6 - - 156.6
6 5.93d(23) 98.3 5.94d (2.3) 5.93d (2.2) 98.3
7 - 157.8 - - 157.8
8  6.00d(23) 96.5 6.01d (2.3) 6.00d (2.2) 96.5
9 - 154.2 - - 154.2
10 - 105.0 - - 105.0

B 1 - 132.4 - - 132.5
2" 7.08dd (6.8, 2.3) 115.8 7.09d (2.1) 7.08d (1.9) 115.8
3' - 1455 - - 1455
4' - 146.6 - - 146.7
5  6.84dd (8.4 3.1) 115.7 6.85d (8.3) 6.85d (8.2) 115.7
6  6.94dd (8.4, 2.3) 120.0 6.94 dd (8.3, 2.1) 6.94 dd (8.2, 1.9) 120.0

Unit Il

F 2 5.50 brs 78.6 5.51 brs 5.50 brs 78.7
3 4.05s 72.4 4.06 brm 4.04 brm 725
4 452s 38.3 4.53 brs 4.52 brs 38.3

D 5 - 156.0 - - 155.9
6 5.83s 96.0 5.84s 5.83s 96.0
7 - 151.0 - - 151.1
8 - 106.2 - - 106.2
9 - 151.7 - - 151.8
10 - 106.5 - - 106.5

E 1 - 1315 - - 1315
2 7.22d(L5) 116.5 7.23d (2.0) 7.23d (1.7) 1165
3 - 146.0 - - 146.0
4' - 146.3 - - 146.3
5  6.84dd (8.4 3.1) 116.2 6.84d (8.1) 7.08 d (8.3)* 116.2
6  7.07dd(6.1,15) 121.0 7.08 dd (8.1, 2.0) 7.08dd (8.3, 1.7) 1211

Unit

11

| 2 3.94d(9.2) 83.3 3.95d(9.1) 3.94d(9.2) 83.3
3 366m 70.1 3.68ddd (10.1,9.1,6.1)  3.66 ddd (10.1, 9.2, 6.0) 70.1
4 3.04dd(16.0, 6.1) 30.7 3.05 dd (16.1, 6.1) 3.04 dd (16.2, 6.0) 30.7

2.41 dd (16.0, 10.7) 2.43dd (16.1, 10.1) 2.41dd (16.2, 10.1)

G 5 - 155.4 - - 155.4
6 6.09s 96.5 6.10 s 6.09s 96.5
7 - 155.8 - - 155.6
8 - 108.8 - - 108.8
9 - 155.6 - - 155.5
10 - 101.7 - - 100.1

H 1 - 132.7 - - 132.7
2 6.74d(2.3) 115.8 6.75d (1.9) 6.74d (1.6) 115.8
3' - 146.0 - - 146.0
4' - 145.8 - - 145.9
5  6.75d(8.4) 116.2 6.76 d (8.1) 6.75d (8.1) 116.2
6' 6.65 dd (8.4, 1.5) 120.0 6.66 dd (8.1, 1.9) 6.66 dd (8.2, 1.6) 120.0

*, The chemical shift value was considered incorrect.
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(8) L&t 37 ORI E
e 37 ITEEAOSHRWE L L THELNTZ, HRESIMS X7 hLIZHEWT m/z
451.1252 [M-HJ- (calcd for C21H23011 451.1246, A+ 0.6 mmu) (2437 A A4 > B — 27 B8]
221, 'H NMR 237 Rt 531 CoiHaaOn EHERE L7z, IRWT, 37 @ 'H NMR
AT N LD SCEME[79] & D EE: (Table 2-11) 12X v . AK{b&W % (-)-epicatechin 3-O-
B-D-allopyranoside & [@]7& L 7=,

OH
OH

HO O 2. 5

(-)-epicatechin-3-O-B-p-allopyranoside (37)

Table 2-11 NMR spectroscopic data of 37
(-)-epicatechin-3-O-3-D-allopyranoside

Position = i DMSO-ds 500MHz 51 in DMSO-ds 400MHZ[79]

1 - -

2 513d (3.1) 5.13d (2.4)

3 4.21m 4.21'm

4 2.68 dd (16.0, 5.4) 2.68 dd (16.4, 4.4)
2.32 dd (16.0, 7.6) 2.32 dd (16.4, 7.2)

5 - -

6 5.87d (2.3) 5.87 d (2.0)

7 . .

8 5.73d (2.3) 5.73d (2.4)

9 - -

10

1' - -

2 6.86 d (2.3) 6.86 d (2.0)

3' - -

4 . .

5 6.59 d (8.4) 6.59 d (8.4)

6 6.67 dd (8.4, 1.5) 6.67m

allose

1" 457d (8.4) 457d (7.6)

2 3.83-3.06 3.79-3.09 m

3 3.83-3.06 3.79-3.09 m

4r 3.83-3.06 3.79-3.09 m

5" 3.83-3.06 3.79-3.09 m

6 3.83-3.06 3.79-3.09 m
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222 BERHORG T 77 A VT

(LAWY & H IR D 50% MeOH =3 2D THNMR 222 h L% bl L TRl [AlE %
FFot. &BIAD 50% MeOH =% 20D NMR 222 kL% Fig. S4-1-S4-43 [T+, %
7o, HTFRACBWTRH INTALEM RO I vy 7 Mi% Table S2-1, &FEFD
B IHNMR 227 h L% Fig. 2-2 ICFNFNRT,

NMR A7 RUZEBWT, 7 TR/ A NEO Y 7 F VTR H] (8.5-5.0 ppm) (2
B, —WRIGPEM O > 7 xR Ml (5.0-3.0 ppm) IZBIZ S 7z, D. roosii
AR E T HBEHAMO AT PAZBEWTIE, ka4 28, 29, 30, 31, 32, 33, 35,
26, KON 27 sz, 1A% 311X CnM04, CnM10. CnM11, JpM19 O &2, 1k
&% 32 1% CnM09. CnM15, JpMO1, JpMO02 DAz, k&% 33 1% CnM04, CnM06 ™
A E iz, LLEOREREE Table S2-1 1287, BRHHOBEIRMIZOWTIEL, RIETR
b E RO DFERT 2D LRGN = NERER DL 0N -T2, TDH B, Type |

(CnM04, CnM06, CnM10, CnM11, CnM12, CnM22) ORIz FTit, k&4 28,
29, 30. 31, 32, 33, 35, 26, 27 O /AR S, RERG L FERDO AT K
NEIR Uiz, L& 28-31 IXRETRM &y /N2 — 23872 % Type Il (CnM09,
CnM13, CnM15, CnM18) DRKICEB W ClImt & nph-7= (Table S2-1, Fig. 2-2
a—C) . {LEW 38 ITMMEVLF /L B2 LD | AA T — RS THERNT DR REY Th
V[96]. CNMO06 & CnM12 ZERW\\ = &R bR S, A% 38 1Z, HPLC % v
7oA X 0 | D. roosii % FE & 3 HAETR M & RIETR S DO XBINZ & 53 2 Fr 8 22 sy
ThdHIEeNRESNTVDB], —TF7. 38 1T, @REOSE. Fulk Gt & Mo
ZH O ENHE SN TVWDII7, 98], £, BINLORKOENI K> TEET S
ZEREGIHER S, BRI OMBUC LY 38 OEFENSEMT D EEZ LN,

b5 37 1X. A. divaricata var. formosana % &5 & 5 5 #AfI M S 7= (Table
S2-1, Fig.2-2d), D. roosii & A. divaricata var. formosana % 35 & 3 2 B Wi OIR S
Toh 5 JpMO1 (21, D. roosii DA 1T S 780> 72725, A. divaricata var. formosana
(R 72 3T Mt S e, £ ORIKNZ, IRAEWT @ D. roosii % FEJ & 5 i O E
AR ST Z LITEKRT 2 RS-, o, BARTS SO Drynaria sp. #1235
JPM17. JpM18. R TX JpM19 7351k, 28, 29, 31, 26, KX 27 ARt Sh7- (Table
S2-1, Fig.2-2e). Araiostegiella perdurans % 3Ll &+ 25 WAl 6 1%, 26 & 27 23t
ST, ZFDIZDORSY I S~ 7- (Table S2-1, Fig. 2-2 ),
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Fig. 2-2 Representative '"H NMR spectra of Drynariae Rhizoma samples. (a) CnMO05 derived from D. roosii; (b) CnM10 derived from stir-fried rhizome of D. roosii (Type I); (¢) CnM09 derived
from stir-fried rhizome of D. roosii (Type Il); (d) TwMO1 derived from A. divaricata var. formosana; (e) JpoM19 derived from Drynaria sp.; and (f) CnM23 derived from Araiostegiella perdurans.
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2.2.3 qHNMR & HPLC % AW B O EE/R 5y DEE

(1) gHNMR &% AW B O EERT O ER

BFFOFHAHD 'H NMR 27 M LZBW T, k&Y 26 (B 5.38 ppm, H-1) & 27 (8n
5.09 ppm of a-form, H-1, &y 4.46 ppm of B-form, H-1) ®7 / AU v 7 7 a hCHKTH V7
FANAREICBER SN (Fig.2-2), 2T, 206DV 7 FZHCTEAY 26 L 27 2 E&
L7z, ZO#ER% Table 2-12 L Fig. 2-3 alZnd, Mat&AT > 72k H T, D. roosii (2 k4
DREWIRT LD e b MV = A B (49-355 mg/g) & 26 OFEE (111.61-163.67 mg/g) Z/RL
72o D. roosii \ZH & 5 A E LEBLO Type | D% 2 & H (50-243 mg/g) & 26 (0-
85.33 mg/g) DEEIT, HIONICEBT 5 Z ENBIEINT, —FH., BEMHO Type Il 100
WMED =% 258 (276-316 mg/lg) & 26 (39.56-81.66 mg/g) D& &%~ L7z,

WA EEY D 28 & 291X D. roosii (2% T B SRR EHI B W TR & 4v72, NMR
7 bV OIRRESM (8.5-5.0 ppm) @AM (3.0-0 ppm) IZHBWTIE, (LA 28 L 29 (T
HET D 7T EAEE2R->TEY, 28 ® &y 7.31 ppm (H-2',6') & 29 @ 84 6.91 ppm (H-
2) ODHB RIS R LT (Fig.2-2a & b), £ZT, Z?D B4 7.31 ppm (H-2', 6") & 1 6.91
ppm (H-2") D 7 F )L &2 T 28 & 29 # TN EIER L1z, fHR% Table 2-12 & Fig. 2-3b (T
Y. FEIFELD CnPO2IZE £ % 28 DE EITREIEZ /R L, W< O DOAFKRA (ChMOL,
CnMO05, CnM19, JpMO03, JpM06, K TF JpM09) ([Z& £ D 28 X, MW E L FRIFREOE &
o Lz ARBFFETHWIZASA B OBEFCET 2 FHIZR V25, Sun &%, Fsins 28 & 29
ZUPAENL E RRREICERET A7201I2E, 8 FLLEOFEENULETH D Lt L TW\A[99], 7o,
CnMO05, CnM14, CnM19, CnM24, JpMO5, JpMO08, JpM10, KX CnPO3 i%, 29 % 28 & [l
HELITENL EEATWE, Sun bbb, 8 UL R S B e T, FREFHIRIHIC 29 ©
EMGEMRAICHEML, 28 LD bEWVWEARICRD ZEZWE L TND[99], 2D Lhb,
AFEMPBHCE £ 5 28 (1.16-10.29mglg) & 29 (0.89-7.75mglg) D& EiTARBEHARKI o pEHE I
Lo TEEEZ T D EHNINT, Type | OERT (CnM04, CnM06, CnM10, CnM11,
CnM12, CnM22) IZ& £ % 28 (1.13-4.08 mg/lg) & 29 (0.91-6.06 mg/g) T & EMMEL .
Type Il &AM (CnM09, CnM13, CnM15, CnM18) (ZHW\WTik 28 & 29 (I Sh7ed o
7o Hu &iX, &6 W0) BOE/REICE N TIZ28 £ 29 OFEN/EINT 22 L 2HEL T
WHNB1]. EOWEIIAEOERERE —F LR oTz, SEIOMEEND, WEOMBLEEC
X0 RS N B ATREME SR ST, Drynaria J& (Drynaria sp.) FE¥IZ H k9 2 5 WHedl
(JpM17, JpM18, JpM19) (D Tid, 28 (ZHKT D ¥ 7 F /L OMMEPERN -0 E R TE 72
MoTd, 29 ITERTE 72, {LEW 29 OFE &L, 10D D. roosii % IEJH &3 2 F#u4i & 0K
<. Drynaria BRI 2 BRA1E D. roosii % 3R &+ 2 B RO RELICIT AR 0 G202
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EWIRIBEINT-, LAY 28 B & 7= naringenin <° naringenin glucuronide (%, 5XFAD ~
TAD AR I K DA Z R S5 2 &[75]). KON 29 1E MC3T3-E1 MiliZ i) 21 Ak
MBIz LT 28 L0 bENTIEEEZRT Z ERHE SN TND[69], L7z -> 7T, D.roosiilZH
K D EHAMOFMICIE, DD 2HODIEMEFRFRFICEET L2 LBMETHDLEEZLN
Too FEiz. 28 £ 29 OFEOEFE | BIFWIM, IHERED], PEM, BERRDILE ORRERS. &
BEORENRERDZ EbMELEZZ B,
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Table 2-12 Extract yields and contents of identified compounds in crude drug samples and plant specimens

Code Extract yield 26 (mg/g) 27 (mg/9) 28 (mg/q) 29 (mg/g)
no. (mg/g) gHNMR gHNMR gHNMR HPLC gHNMR HPLC
SC;”mdpeledsrug CnMo1 218 + 27 78.48 + 4.67 342 +037 842 +1.05 8.83 + 0.89 467 +0.85 473 + 0,68
CnMO02 88 + 2 9.10 + 0.23 0.83 + 0.02 1.16 £ 0.15 0.93 + 0.08 0.89 + 0.06 0.74 + 0.05
CnM03 314+8 98.81 + 2.29 13.79 £ 0.24 - - - -
CnMo4 200 + 4 1091 + 0.29 31.20 + 1.03 376 + 0.15 3.75 + 0.01 6.06 + 0.60 541+ 0.11
CnMO05 208 + 13 12.50 + 0.88 18.60 + 1.60 6.92 + 1.01 8.24 + 0.65 593+ 0.71 545+ 0.52
CnMO06 109 £ 6 1249 + 0.53 0.57 + 0.08 1.13 £0.19 0.81+0.10 153 £0.17 142 £0.12
CnMo7 80 +3 3.85+ 024 459 + 0.36 327022 3.16 + 0.11 243 +0.16 1.96 + 0.18
CnMO09 295 + 4 64.49 + 1.86 2131+ 177 ND ND ND ND
CnM10 146 + 1 8.14 + 139 232+037 335+ 030 321+ 056 1.98 + 0.10 2.02 + 0.40
cnM11 164 £ 7 22.53 + 145 1061 £ 1.11 408 + 0.48 3.85 + 048 373015 3.98 + 0.08
CcnM12 109 + 4 519 + 145 0.72 + 0.15 2.00 + 021 1.82 £ 0.33 1.59 £ 0.35 1.15 £ 0.19
CcnM13 276 + 2 4823 £ 0.84 14.45 + 0.78 ND ND ND ND
CnM14 142 £ 15 27.80 + 4.59 2.56 + 0.26 593 + 0.79 581+ 0.89 3.83 + 051 471 + 0.41
CnM15 316 + 12 81.66 + 2.61 14.39 + 0.60 ND ND ND ND
CnM16 90 + 1 438 + 0.50 7.49 + 055 5.57 + 0.89 483 +0.25 2,07 + 0.40 232 +034
CcnM17 110 £ 20 528 + 0.38 6.73 0.1 579 + 1.04 521072 135+ 0.52 1.03 £ 0.15
CcnM18 302 + 11 39.56 + 0.82 33.14 + 0.82 ND ND ND ND
CnM19 154 + 4 2173 + 247 2.46 +0.07 1029 + 1.77 9.86 + 0.22 7.75 + 195 7.59 + 0.42
CnM21 128+6 26.50 + 1.85 9.19 + 036 448 + 033 470 +0.15 1.36 + 0.07 142 £0.15
CcnM22 115+2 1.81 £ 0.38 0.66 + 0.12 210+ 036 1.75 £ 0.24 091 +0.17 0.74 + 0.16
cnM23 206 + 26 17.85 + 1.28 30.81 + 1.01 - - - -
CnM24 243+ 9 85.33 + 8.44 1.63 £ 0.02 139 £0.15 1.05 + 0.19 491 +0.55 435+ 0.54
TwMO1 311+ 14 56.02 + 1.59 3336+ 1.71 - - - -
TwMO02 301 + 68 19.29 + 0.96 27.95 + 1.02 - - - -
TwMO03 264 + 13 54.04 + 1.16 6.95 + 0.38 - - - -
JpMO1 303 + 4 15.10 + 0.56 2584 + 2.14 ND ND ND ND
JpMO2 76+3 1.08 + 0.05 1.29 + 0.08 ND ND ND ND
JpMO03 165 + 14 3373+ 0.19 7.87 +0.26 6.72 + 024 6.76 + 0.13 416 + 0.14 435+ 033
JpM04 158 + 10 13.45 + 2.05 542 + 0.39 4.66 + 0.58 5.00 + 0.67 278+ 029 2,63 + 033
JpMO5 100 + 4 15.74 + 0.85 351011 242 +0.18 273022 3.10 £ 022 348 + 029
JpMO06 130+ 8 420 +0.31 8.66 + 0.45 6.24 + 0.82 713 £ 042 171017 2.00 + 0.42
JpMO08 122+ 1 19.28 + 1.02 378 £ 0.02 4.46 + 0.20 458 + 0.31 3.60 + 0.09 379 + 029
JpM09 155 3.80 £ 0.19 845 + 0.01 6.95 + 0.32 7.87 + 0.05 176 + 0.14 1.80 + 0.07
JpM10 189 £ 3 52,96 + 2.23 6.79 = 0.18 361+027 433 +030 241 +005 2.83 +0.05
JpM11 304 +7 21,08 + 023 29.45 + 032 - - - -
JpM16 282 + 14 372+ 041 1221 £0.72 - - - -
JpM17 288 + 3 101.71 + 1.24 15.42 + 0.54 Trace 0.05 + 0.04 0.94 + 0.05 0.79 + 0.03
JpM18 244 + 23 70.35 + 5.99 14.50 + 1.30 Trace Trace 1.05 + 0.20 0.95 + 0.13
JpM19 130+ 2 29.73 £ 1.95 21.15 £ 1.28 Trace Trace Trace 0.54 + 0.06
Plant specimens CnPO1 336+ 3 146.01 + 7.46 246 + 021 7.69 + 0.51 8.16 + 0.53 3.70 + 0.20 3.94 + 0.14
CnP0O2 355+ 2 163.67+10.68 2.10  0.29 1632+ 163  17.53 + 1.70 5.59 + 0.59 591+ 042
CnP0O3 325 + 51 118.02 + 4.15 2.00£0.13 7.56 + 0.58 742 + 030 10.88 + 0.96 10.96 + 0.31
CnP04 249 + 28 111.61 £ 3.12 143+ 022 6.68 + 0.62 6.73 + 037 3.40 + 026 2,98 + 0.12
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Table 2-12 (Continued)

30 (mg/9g) 31 (mg/9g) 32 (mg/9g) 33 (mg/9g) 35 (mg/q) 37 (mg/9g)
Code no.
HPLC HPLC HPLC HPLC HPLC HPLC
Crude drug samples CnMO1 021+ 0.05 121010 0.66 + 0.03 1.00 0.1 030 £ 0.07 -
CnM02 0.51 + 0.04 0.27 £ 0.01 0.63 + 0.01 0.14 + 0.01 0.08 + 0.01 -
CnMO03 - - - - - -
CnMO04 0.01 + 0.004 1.39 £ 0.02 0.68 + 0.002 0.89 + 0.03 0.23 + 0.001 -
CnMO05 0.58 + 0.05 1.72 £ 0.16 0.62 + 0.004 1.02 £ 0.10 0.26 + 0.02 -
CnMO06 0.84 + 0.09 0.65 + 0.03 0.74 + 0.02 0.27 + 0.02 0.04 + 0.005 -
CnMO7 0.40 + 0.02 0.40 + 0.03 0.67 + 0.003 0.17 £ 0.01 0.08 + 0.01 -
CnMO09 ND ND 0.99 + 0.02 ND ND -
CnM10 0.24 + 0.05 0.49 + 0.06 0.67 + 0.02 0.33 + 0.01 0.05 + 0.01 -
CnM11 0.64 + 0.07 1.18 £ 0.08 0.70 + 0.003 0.97 + 0.01 0.16 + 0.01 -
CnM12 0.12 + 0.06 0.32 + 0.04 0.76 + 0.03 0.30 + 0.04 0.01 + 0.004 -
CnM13 ND ND 1.32 £ 0.06 ND ND -
CnM14 0.49 + 0.02 1.62 £ 0.25 0.63 + 0.01 0.84 + 0.10 0.25 £ 0.05 -
CnM15 ND ND 1.01 £ 0.03 ND ND -
CnM16 1.46 + 0.08 1.15 £ 0.12 0.61 + 0.004 0.36 + 0.05 0.43 + 0.004 -
CnM17 1.67 £ 0.22 1.08 £ 0.13 0.62 + 0.004 0.59 + 0.14 0.10 £ 0.02 -
CnM18 ND ND 0.84 + 0.01 ND ND -
CnM19 0.29 + 0.12 0.95 + 0.15 0.72 + 0.01 0.36 + 0.05 0.52 £ 0.02 -
CnM21 1.53 £ 0.13 0.50 + 0.03 0.62 + 0.003 0.30 + 0.03 0.04 + 0.003 -
CnM22 0.56 + 0.08 0.43 + 0.01 0.71 + 0.01 0.27 + 0.03 0.02 + 0.004 -
CnM23 - - - - - -
CnM24 0.06 + 0.02 1.64 £ 0.13 0.71 + 0.01 0.78 + 0.11 0.41 £ 0.07 -
TwMO1 - - - - - 11.49 + 0.31
TwMO02 - - - - - 5.15 + 0.16
TwMO03 - - - - - 2.90 + 0.04
JpMO1 ND ND ND ND ND 3.08 + 0.05
JpMO02 ND ND 0.73 + 0.004 ND ND -
JpMO03 042 + 0.04 1.57 £ 0.08 0.72 + 0.01 0.79 + 0.03 0.22 £ 0.01 -
JpMO04 043 + 0.05 1.27 £ 0.12 0.64 + 0.01 0.96 + 0.12 0.25 £ 0.02 -
JpMO5 1.20 £ 0.20 0.92 + 0.06 0.63 + 0.004 0.19 + 0.01 0.10 £ 0.01 -
JpMO06 1.85+0.13 1.29 £ 0.12 0.73 + 0.02 0.69 + 0.06 0.18 £ 0.02 -
JpMO08 0.05 + 0.02 1.01 £ 0.06 0.81 + 0.01 0.57 + 0.03 0.18 £ 0.01 -
JpMO09 248 + 0.16 1.23 £ 0.06 0.74 + 0.01 0.77 + 0.01 0.23 £ 0.01 -
JpM10 1.74 £ 0.10 251+ 0.04 0.63 + 0.002 1.26 £ 0.02 0.18 + 0.003 -
JpM11 - - - - - 930 + 0.11
JpM16 - - - - - 144 £0.18
JpM17 Trace 0.49 + 0.03 0.61 £+ 0.001 0.16 + 0.002 ND -
JpM18 Trace 0.51 £ 0.03 0.60 + 0.01 0.04 + 0.01 ND -
JpM19 Trace 0.41 £ 0.02 0.81 + 0.002 Trace ND -
Plant specimens CnPO1 Trace 0.79 + 0.01 0.77 £ 0.003 0.90 + 0.02 0.39 £ 0.03 -
CnP02 ND 1.48 £ 0.14 0.71 + 0.02 0.70 £ 0.10 0.39 + 0.50 -
CnP03 ND 1.07 £ 0.16 0.63 + 0.01 1.70 £ 0.10 0.26 + 0.03 -
CnP04 ND 0.88 + 0.02 0.74 + 0.01 0.73 + 0.03 0.23 + 0.004 -

Contents expressed as mean + SD; ND, not detected; Trace, below the quantitation limit
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Fig. 2-3 50% MeOH extract yields and contents of identified compounds in Drynariae Rhizoma samples derived

from different origins or plants. Unmarked samples derived from D. roosii; #, samples derived from Araiostegiella

perdurans or mixture containing Araiostegiella perdurans; *, samples derived from A. divaricata var. formosana or

mixture of D. roosii and A. divaricata var. formosana; +, samples derived from Drynaria sp. (a) 50% MeOH extract

yield and contents of 26 and 27 quantified by gHNMR; (b) contents of 28 and 29 quantified by gHNMR; and (c)

contents of compounds 30-33, 35, and 37 quantified by HPLC.
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(2) HPLC #:%& RV BRAE D 8 FE O “RARBHED D EE

% HPLC 7 m~ KT AIZEBWT, 28-36 & 38 IL D. roosii (ZHIHT 5 D> iR
iS4, 37 1% A. divaricata var. formosana |2 13 2% B G &7 (Fig. S2-1,
Table S2-2), #® 5t 28-33 £ 37 IZIHPLCEAZHWCERE LT-, E&IZHW - 28,
29, 31, 32, LKUN37 OffifE% Table S2-3 1Z/~7, HBEL 7= 34 & 36 [ZEN V7o Tc
ZEML, INHIZOWTIIERE LR 2T,

EREORE, 28 & 29 OEEMEIX gHNMR Z W= R & —# L7 (Fig. S2-2), I
DRSS (30-33 & 35) DOEEMIT LSO 28 & 29 L L THFEFICERWEEL R
L7 (Table 2-12, Fig.2-3¢)., D. roosii \ZHKT HHEMMEHZ & £ 5 28 (6.73-17.53
mg/g). 29 (2.98-10.96 mg/g). KT 33 (0.70-1.70 mg/g) 1AM E L 0 @V VEZ R~
L7z, D. roosii \ZH13¥3 2 A M B CIX, RIETRM D 28 (0.93-9.86 mg/g) . 29 (0.74-
7.59 mg/g). 30 (0.05-2.48 mg/g)\ 31 (0.27-2.51mg/g). 33 (0.14-1.26 mg/g). K}
35 (0.04-0.52 mg/g) OEEITERL LV FE o7, BRI Type | (CnM04, CnMO06,
CnM10, CnM11l, CnM12, CnM22) TiX 31 (0.32-1.39 mg/g) & 33 (0.27-0.97 mg/g)
IXRETR M & i LIRS &%~ L, Type Il (CnM09, CnM13, CnM15, CnM18) @
BRI TIEZO 2 SOEMIIHRE S ote, Wizt vV D7 = ) — I BLEY
. BOLRERENEIE HDWVITIMARRARWIZEZEN DT 2BMICH D Z
ERHE SN TVWAM00], KEWRMD 32 OE & (0.61-0.81 mg/g) 1HEIRED Type I
(0.84-1.32 mg/g) & Type | (0.67-0.76 mg/g) DD & 25 & 0RmWMEE R L
72o Monagas L%, ~—ENLFT v VICEEND 32 DEEIT, WOLNHIZL>TKRE
B Z TN EEWE L TOAH[101], BLEORERI Y BRHICE TN LAY
O ‘I, B OMBLERIC K - TEEE 2T 5 /RN R iz, D. roosii DR
KICHORT 2 &R A Bl & L TERT 27201208, BIRFIEOREERLETH D
LEZILND,

{b&% 37 13 A. divaricata var. formosana (2 k3 2 BBV TRt & (Fig. S2-
1. Table S2-2). TO&® (1.44-11.49 mg/g) 1T RELEEH L7, Wu HiE, 37, AfE
DKTH 2R EtOH = F X% MC3T3-E1 Ml d¥gsl, 43k, AIRKILZRETHZ &, &
O 37 TP HRIEIRRIEE L TERCE 2 2 L2 L, FEOEBICB W CERA IS
A. divaricata var. formosana \Z 12k 3 2 B WA 1T B HERIEDIRIRICAE N T 5 2 & i
L72[79], L2>L. A. divaricata var. formosana (2 33 2 B, FRAVECA A 2k
D EE TR, T D=8, A. divaricata var. formosana |2 39 2 B HufilL. Bk
TERT7Z T T <, PIRBsiElEH AT % D. roosii (ZH KT BB RO MICIT 20 15
AR AoV (e
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2.2.4 BEEMRIT

AR BE 39 f AR & D. roosii IZ HIKT DHEMIAEE 4 B iR D qHNMR A~ 27 kL& Hvy,
26 &L 27 O FNERE, FRIFRETLIIER/LT—F~ MY v 7 A& ERR L,
PCA %#1To7z, ZOKE, RIFEICBWTHRE L7oIEEEZEH L TTF—%~ hY v 7 R
BRI Uz, e 26 & 2T O 7N EREL TORWEE R % Fig. 2-4, 26 & 27 D
T FNEBRE LTCRR % Fig. 2-5 12”7,

Fig. 2-4 (2”7 L 912, D. roosii \Z 92 AFEM B & MR EHE 26 D5 BEOE W &
S T2ODTN—TIZH T b, AFMEE T, IMEHZE E1 5 26 13m0 E
wmER L, 2T MRS R L7z (QHNMR E &5 & : Table 2-12 & Fig. 2-3a), &iRin
® Type | (CnM04, CnM06, CnM10, CnM11l, CnM12, CnM22) & REMRMOMIZIE
B & s B3 disi S e~ 7=, —J, score plot (Fig. 2-4 a) DOFE—GIROIEIEMLD
Type Il (CnM09, CnM13, CnM15, CnM18) (ZHRIEVRIS Type | & XKAlEi, FDF
L% 431% 27 T -7, Score plot (Fig. 2-4 a) OF LR EF LIBT3 £MED
B (Type Il A. divaricata var. formosana (ZHi33 5 B, Drynaria sp.\ZH 39
LEPEH) IXELLS KBS TnZnolz,

TRAGHPEMICE B LTI T A 72002, 26 & 2T OV A EBRELZ, D PCA
OFER%E Fig. 2-5127~77, APCAIZL->TH, &7/ —7 L Fig. 2-4 LRERICXBI S
72 D. roosii \ZHKT DHEMAEE & AFERPEHI R Shu, 28 & 29 [FHEMBTEL & — oD
AIPPEI O IX B Z G- LTz, BT/ Type Il. A. divaricata var. formosana (ZH 34 %
B Wl Drynaria sp\Z KT 25z KBl S vz, k&% 37 1% A. divaricata var.
formosana |\ H1 3k 2 Bl O KB & 5- L7z,
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! TWMO1 B CnM derived from D. roosii
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CrMd4 CnM processed (Type )
n
60 - i w02 CnM from mixture*
JpMO1 o
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R JpM16 WM CnM23M19 bt M JpM from D. roosx.l
% 20 ] B CnhMOB [ 13 n JpM from Drynaria sp.
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- 5 Lo T CAMITT DJPWB B CnM from Araiostegiella perd,
~ J M@§ e 1_ . | EIpNT7 T nM from Araiostegiella perdurans
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E -20 ! EanEr P N@!\ CnMO'1 . { cnpoa Cnpoi ™. p
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o1
0.05 - Tzl
S
o
-0.05 - .
o1l T magBs3?
! i S m378
-0'157_ sucrose (26)
0.2 -
-0.25+

-04 -035 -03 -025 -02 -015 -0.1 -0.05 ] 0.05 0.1 015 0.2 025 03 035

PC1

Fig. 2-4 PCA result of 39 crude drug samples and four plant specimens using gHNMR spectra normalized by
internal standard: (a) score plot, code no. of samples shown in Table 2-2; and (b) loading plot, the numerals indicate
chemical shift (&1 in ppm); *, mixture of Araiostegiella perdurans and Selliguea sp.; #, mixture of D. roosii and A.

divaricata var. formosana. (R°X = 0.900, Q° = 0.860)
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A B CnM derived from D. roosii
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- Tl f #
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Fig. 2-5 PCA result of 39 crude drug samples and four plant specimens using gHNMR spectra normalized by
internal standard after the signals of 26 and 27 were removed: (a) score plot, code no. of samples shown in Table
2-2; and (b) loading plot, numerals indicate chemical shift (&1 in ppm); *, mixture of Araiostegiella perdurans and

Selliguea sp.; #, mixture of D. roosii and A. divaricata var. formosana. (R°X = 0.668, Q° = 0.490)
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X512, HPLC o5 —% %\, D. roosii, A. divaricata var. formosana. Drynaria
SPAZHRT 2 HHHDO B O 2R A ~7- (Fig. 2-6), Score plot iz X % & (Fig. 2-6
a). FERIRITRIFE L ERFIEICL>T 4 SOTA—71203F bl (D. roosii \[ZH kKT
5B M OWERT B, A, divaricata var. formosana (234 % B s, Drynaria sp.iZ
HkS 2 Bl 1E1R5O Type ). qHNMR A7 kL% 7z PCA Ok R & 1377
Y. D. roosii (Z Hi k3 2 R BHIAEFR BE & KB S 72 hx > 72, D. roosii (2 H2k3 2 4E
Wb EHE 28, 29, 33, LKO35I2 L0 XAIE, 30, 31 TS ol L&Y
32 [XEIREL D Type Il Z#[XB] L, 37 1% A. divaricata var. formosana \Z 133 % B #u4f %
Xul L7z,

PL D PCA OFER X W | D. roosii, A. divaricata var. formosana, Drynaria sp.\Z 3
T HEMEO BTN OERN S D Z LR EnTz, £z, BERMO Type Il 1,
oy DIEALIZ IV D. roosii % R & T D B ORMETES L B2 D Z L NDhoTz, T
o DOFEFRIE, gHNMRX°HPLC 2 HW o E&EFER & —E L TH Y . gHNMR LD IEfEME:
ZRRAE L7z,
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i O cnmi3 B CnM derived from D. roosi
1 B CnM processed (Type )
3 CnM processed (Type Il)
B JpM from mixture*
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Fig. 2-6 PCA result of samples derived from D. roosii, A. divaricata var. formosana and Drynaria sp. using HPLC
data: (a) score plot, code no. of samples shown in Table 2-2; and (b) loading plot, numbers indicate compound; #,

mixture of D. roosii and A. divaricata var. formosana. (R°X = 0.652, Q° = 0.316)
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2.3 /E

AKX, D. roosii, A. divaricata var. formosana. } (O Araiostegiella perdurans 7¢ £
DIEJFIZH KT 5 AEFEREF 39 K & D. roosii (IZH KT DHEMMEL 4 IiRIZ & E 5 2 E
iy ERERSY 2 NMR A 2 R v — AL L fEkIED HPLC Z IV TRIFERICAR-IT 5 2
& THRIZRMRIZONW TR, ZEEMHT ORI, AIEIZIW TR L7zl 2207
B LTz, 72, ERIED HPLC I X D EER R & i L, gHNMR Y& [EfEtE %
FRAE L 7=,

=AW E L CERT 572012, D. roosii & B &35 /2 DX, naringin (28),
neoeriocitrin (29), 5,7-dihydroxychromone-7-O-neohesperidoside (30), caffeic acid 4-O-
B-D-glucoside (31), trans-p-coumaric acid 4-O-B3-D-glucoside (33). ferulic acid 4-O-3-D-
glucopyranoside (34), kaempferol 3-O-a-L-rhamnoside 7-O-3-D-glucoside (35). MK Y
cinnamtannin D-1 (36) Z it L. A. divaricata var. formosana % J&J5 & & 2 Bl &
IZ. (-)-epicatechin 3-O-B-D-allopyranoside (10) = H.EtL 7=, ZH6OH T, 36 | D.
roosii & L5 & 35 B B )60 THEBES U7z,

Z 0%, ERRolEamEn< ShofilibeEmz W TR O 7 7 7 A4 U v
T aAToTc, FORER, T FEO RAHEY. 28, 29, 30, 31, 32, 33, 35 |1 D.
roosii \IZHKT 2 FHAD H NMR A7 hLZBWTHRIHS Wz, (EE&Y 37 13 A
divaricata var. formosana % i & 3 2B A IC B VTR S iz, —RINEHFED O
sucrose (26) & D-glucose (27) [ZIFFIHD BHAHIC I W TR SNz, Eo, EIROFHA
7253 CTd 5 5-HMF (38) 1XT & A LR LR E Nz, ZoZ &5 'THNMR
RN T 0T 7 AV o THEE B0 B R ORI RITE L 720 D b L
Z B, BFEOEVAID ORI LTt &¥% Table 2-13 IZF LTz, EIG LT B/
FO—EIL, HAONRESEPBESNTZ LD, B A EAERT 27201203
EWRITELIEELT D ERNETH D Z ERRBEENT,

ATEE & [AARIC HPLC X° LC-MS TOMR AN TH - 72 26 & 27 (I NMR A7 /L
BOWTHRHAETH 72, £ 2T, ZIRIHPED D 28, 29 L[FEIKHC, 26 & 27 (IO T
H gHNMR EZHWTEEZ1T>7-, qgHNMR OIEfEMEE MFTT 2 2 & L&y %5
Prd 2 7=i2, 1EkiED HPLC Z VW T{ka4 28, 29, 30, 31, 32, 33, 35, 37 2 &
# L7z, D. roosii (ZHRT DM ENTE £ 2 —IRETEY & ZIRETED X RO
AFEMBL L mWMEZ R LIz, Ak, TOEBHEAZHALNIT DI LNUETHD T
LDV ST,

S BT, AIEICIW T b L7z k2 L TR O B4 O gHNMR 22 |
NafF, T HWTPCA Z1To 7o, K0 % < OB 72 Z IR ED 2 i+ 2 72
2, RO B SO HPLC 7 — 4% 2 F\WC PCA 21772, ZOfEH, D. roosii % ZEJi
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T DB OARER M OXANTIX, 28, 29, 30, 31, 33, MW 35 BNEHETH—FHT,
AR DER O Type I IIREE M EX S, TOXBNIT 32 IR %EH L1z, A
divaricata var. formosana % RJi & 5 2 B O T OMK L KRl S 4L, £D0%F S
AriE 28, 29 TiE7e< . 37 Thole, HEDOK I N—TOXBIORERITEERR L —
L7,

AREECREAT LTSRN B 1 Z0 ORI R T 25/l & &R O Type Il 1 D. roosii
LT DEMAOREML L LTHATE RN Z LAVRR SN, SHEOREIT, &
A O SR B3 2 B R A R AR T 5 2 N TELEEX LD,

FTo. AFEITHO T NMR A X 7R v — 55 % AW CEFESE OB fAf O S0 E 7T 217
VN, gHNMR #£% IV C naringin (28) & neoeriocitrin (29)% & L7-, I LIZWEKRIETH
% HPLC OERAE R & el L. qHNMR {50 IEffEE 2 FREE L 72,

Table 2-13 Detected compounds in Drynariae Rhizoma samples

Botanical origin Compound

D. roosii Raw samples 28, 29, 30, 31, 32, 33, 34, 35, 36, 26, 27
Type | stir-fried samples 28, 29, 30, 31, 32, 33, 34, 35, 36, 26, 27, 38
Type |l stir-fried samples 32, 26, 27, 38

/':\/.l iztcgiif;tgv;o:;gr::sana Raw samples 37,26, 27

A. divaricata var. formosana Raw samples 37, 26, 27

Drynaria sp. Raw samples 28, 29, 31,32,33,34, 36, 26,27

Mixture of Araiostegiella Raw samples 26, 27

perdurans and Selliguea sp.

Araiostegiella perdurans Raw samples 26, 27

Compounds detected in plant specimens of D. roosii were 28, 29, 30, 31, 32, 33, 34, 34, 36, 26, and 27.
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WS

ARBFFECIE, FREFEHONIEKEZ FANT NMR A 4R —Aika#ESL L, O FEE Y
TN THEFIE DB W 2 T LTz, AR X 51S, & OIS B3 3K & B i o dh
BIEEDRIZ /2 015D L EZ B,

NMR 7 —ZIZ KD 7T m 7 7 A4V v 7%, N L BRI E £ D8GR50 & 8k
ICIRIT T2 Z LN TE D LB 2 DTz, TOEERITIINERIED HPLC Y 5= T
VIR #E L7z LC-MS{EDR R L [AMRICHE 7 7 7 A U U ZICET 5 Z LR ARETH
o7z, Flo. NMRIEL, HERIE L AT, BB OGN HIRNEE CH D | 225 Hrik
B3 RIE AR SN DRI R Z R > Tnd, TOFLRIZEY . THNMR & W izpisy 7' e
Ty AV 7T R DFEOEI DR ZFNHFIEL RV EDL LB LN,
X, RAEEROIT, EEA L BRI ) IR 72 a5y T % sulfonated
paeoniflorin (25) %, WX 0 B O IXBIN TR 72k sy Cd 5 5-HMF (38) % &
MT D ENTE, RODERIZE > TEIRLIEAREZFRETHZ N TE D, Fi,
ROy DIENE T 5 Z LI KV A A Lo B oK ERET S
AEETH o7,

HEO—RRMEMOERELEZOMEICE L X, FHgERE N D7, EMERED
HPLC =° LC-MS JEIZRB W TIE, ZNLDORHBKREETH S, ABF5EIE NMR 5% VT
R L F IS S E D B e — IR PEY T d 5 sucrose (26) & D-glucose (27) D]
B, EREIT-oT, TORE, AjHD 75% EtOH =% 248 & 26 D& BITITIEOHBEM
bV, RENEL, LB LA EZITH) Z LIk 26 DEEMES D2 &0 KO A
FOIRIRAEIC LV 26 DEEMHINT 52 L 2L Lz, SRIOMEIZ BT,
BREHO T % 258 L 26 DEEROBZRICOWVWTARBARE TH - 7275, gHNMR Z T 26
L22QTHERTHI LN TET,

—WRARHPEW 121 T2 <. gHNMR % HI\WCTAJIR & B fiiic & 0050 187 kRt
FEMZOWTEREIT T, TOERIMEOIEHVEZREET 572012, fEkiED HPLC %
AW ERZIToT-, ZTOME, AFD NMR ZA27 FLIZB N TRORER L7mN— 2
TAUNEERS., ZTOERMIT HPLC ([C X 2R L VKo7, Bl E BRI
DNTIE, WFEICLDERBRORERBNERD DT,

BRFEOR A VT, NMRAIEYE, sucrose (26) (ZHIKT DY 7 FADRIA, KO
BUSALIEIZ OWTHREI L, ZNERICT =2~ b v 7 Z&ER L, T DOLEEBMITO
fER A L CHIEE R LTz, S BT, 2ok L HiEz v CHE OB
Wiz Uiz, Z0BE, gHNMR <> HPLC EDE R R & g L, 7LD IEfENE % M
L7,

NMR 2 %R m—AiEd, ALEYORER #Z kT 5 NMR 27 hLEZ WS 720,

{1y
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*G LT DAL MPNEL T 2 BREE A2 L OLAICIE, VT A ERBITE RWEERe,
ENDILEWME L T T NVRERDGEND DR EDRERH D, F 1 BEONHKIIEEN
% pinane ##i& % £f-> T\ % monoterpene 80, & 2 BEOFMAHICE 415 naringin (28)
& neoeriocitrin (29) ([ZHIKT 257 TR 7 A FEFERIZ, 7 FARIFEALLEER ST
Too FOREIZSE BT OB LN TS, P lactiflora % 55 &4 5977 O %55
/31 paeoniflorin (6) 72 X213 X412 monoterpene "X V' A VI EH T H{LAEM T
HOLM, TNOORSIZHRT 2 7 FVEER > TWD, D. roosii & IR &35 B
1 & ATE D F SR OREWA B O X B, naringin (28) & neoeriocitrin (29) 734 5-4 % 73,
ZOZODEMTHKT DV T FIURFEAERER S TWD, 15T, NMR DHD
AL Ra— MENTT2T Tl <, HPLC 12 X 2 EEIE L A ¥ R v — ARt & il B b,
0 2R BLENG, AEORS ZTHMTO2MLERH DL LEZ DD,

UlbZziEz, RFECEIVELNTAROUENRRS 7 a7 7 A4 ) 7 OfE R,
BERD PO DEIEOEREIICHERATH D B b, R THWEFIEZ, A
BRI TIE R E2OAEFTOICH AR TH Y | AFEO ME AN - R
FE~DOEBBHIFF S D,
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KEBROER

— iR 72 EEBRFIAE

R INEA~27 hv (TH LTV BCNMR) 1%, JEOL ECAS500IIDelta 43 451 (HAE T
AL, B, AAR) ZHWTIIE L, "H NMR ORIESRMEIZLL T2/ A L7
scans: 8, pulse angel: 45°, relaxation delay: 5 s, temperature: 298 K, qHNMR D& 5&
HIXLLF 2 fEH L7- : scans: 8, pulse angel: 90°, relaxation delay: 60 s, temperature:
298 K, AT bAD7r Iy 7 FOMIEL NMR SO 7% BB VA I W Fiv iz
[DMSO-ds (dH 2.49 ppm, 8¢ 39.5 ppm), CD3OD (8+ 3.30 ppm, &¢ 49.0 ppm)]l, 7 I /v
7 ME% ppm T, AELFEATER () 13~ (Hz) TE L7, HNMRICHET 557
FeRi%, —EM s :singlet, " HEHR d: doublet, —EEAR t: triplet, " HE " HEAR dd :
double of doublets, ZHE#i m : multiplet, #E/A{5% br : broad &F# L7z, A7 LD
T — XK OV gHNMR E =X Hilko Y 7 b =7 (JEOL Deltav5.3) ZfEf L7=,

HT Ly a~ NI T 7 0—%, NEFHT Y B0 (Wakogel®C-200, Freffii T 31K
=ttt KB, AA) . W4H DIAION HP-20 (Sigma-Aldrich, 7 2 U 77) . DIAION HP-21

(ZZEbpRiatt, 1AL, HA), K0 Sephadex LH-20 (GE Healthcare Life Sciences,
VYT AV =—T ) BERLTUTo7, TEBIK v~ 757 4 — (MPLC) I3,
Biotage®SNAPUItra C18, 120g 7 7 L% AfiH L C, Isolera™ Spektra Systems % {ifi 2. 7=
Biotagelsolera™ One #4i&# (Biotage, V7' %7, AU x=—7 ) THEfE L7z, EHPLC
¥, YMC-Pack R&D ODS-A 77 7 2 (250x20mm, S-5um, 12 nm) % Hv>, H0 +0.1%
X (A). CHiCN+0.1%*x® B) /7= (AY v FA:10-60%B, A K
B:10% B, AY v K C:10-100% B). jfiz : 10.0 mL/min, Waters Delta600 x> 7" &
Waters2489 UV/ Al il ek 2 fif 2 7= 254nm TO UV it TfT o 7o, kI, ik
1E4EE Autopure WR 700 (v~ MEVF, HUR) THREL7ZZH 02 v,

EOFRET LY hr AT L —A A UAVEESHT (HRESIMS) K OLC-MS 7 —# X,
ATV RAAU N7y IRATHREA (IT-TOF) E&O8EF (BERIERT, =#. BAR)
THUS L7=, LC-MS Z3#ricix, Waters Atlantis T3 7 7 2 (150x2.1 mm. S-3um) %fi [f]
L7z, BEFHIZ, H20 +0.1%FE (A), CHsCN +0.1% Xl (B) DRGHELL, 77
T MILLTF &2 W= - 0-2 min, 20% B; 20 min, 25% B; 22—27 min, 100% B; flow rate
0.2 mL/min; column oven, 40°C,

SEBMNT OB, % NMR 7 —2 Oy MESGET — 2, filkoY 7 bv =7

(Alice2 for Metabolome, H AT\ FHRAtE, Hnl, AA) ZHWTEE L, 7—4~
My 7 237 Z2HWTER L, St 7 b7 =7 (SIMCA-P 14.1,
Umetrics, Umea. Sweden) %M L T A &M 21T -7, Heatmap i%. Origin 2023

(Origin Lab, ~¥Fa—t v VI, 72U D) ZHNTHEE L,
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{bE% 31 OBENKIHE & FEOPE[102, 103]

fEE5% 31 (1.2 mg) % 0.5 mL @ 2M HoSO4 IR L, & DOk % 100°C T 2 FEfEN
L7z, RUSIEEW % EtOAc (1 mL, 4[E]) TH#E L T, /KEZ%Z Amberlite IRA400 TH
L., WAL U7, solg L7278 WIC pyridine (0.2 mL) & L-cysteine methyl ester
hydrochloride (1 mg) Z ¥/ L T, 60C T 1 BRI K Ic S ¥ 72, KIT. o-
tolylisothiocyanate (0.2mL) #/Nx. {EE¥% 60°C TE HIZ 1 IS ST, BUGE
A% LC-MS T/o#t L7z (Waters Atlantis T3 7 7 A, 150 x 2.1 mm, S-3 ym), F#)
FIZ, H20 + 0.1% % (A), CHCN + 0.1% X[t (B) DIRARMEL, /7 V= |k
ITXLL N &2 Wiz 0 0-2 min, 20% B; 20 min, 25% B; 22-27 min, 100% B; flow rate 0.2
mL/min; column oven, 40°C, {b&% 31 2> DLAVEHEOFHERIL, tr 22.4 7312 m/iz
4471 [M+HJ+ DB — 7 & 5.z 7=, FERES )5 AL LT- D-glucose 58 {K1X, tr22.4 77,
L-glucose FHEMRIL, k21.0 72 m/z447TA M+ Hl+ D —27 25 2 7-, L EOFERIZX
v, L&Y 31 O % B-D-glucose & RE L7T-,
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Table S$1-1 NMR spectroscopic data of 25

Sulfonated paeoniflorin

el & in CD,0D 500 MHz &, in CD,0D 300 MHZ[53]

1 - -

2 - -

3 2.12.d (13.0) 2.12d(12.9)
2.41d (13.0) 2.43d (12.9)

4 - .

5 overlap 3.24d (6.9)

6 - -

7 1.97d (11.5) 1.98d (11.1)
2.58 dd (11.5, 6.9) 2.60 dd (11.1, 6.9)

8 overlap 4.77 d (12.0)
overlap 4.82d (12.0)

9 5.56 s 5.61s

10 1.39s 1.40s

Glucose

1 4.54 d (7.6) 4.55d (7.2)

2' 3.27-3.14 3.30m

3 3.27-3.14 3.20m

4' 3.27-3.14 3.20m

5' 3.27-3.14 3.30m

6’ 3.62.dd (11.9, 5.3) 3.60 d (12.0)
3.82dd (11.9, 2.3) 3.83d (12.0)

Benzoyl group

1" - -

2" 8.06 dd (8.0, 1.5) 8.04d (7.2)

3" 7.48 t-like (8.0) 7.481(7.2)

4" 7.59 t-like (8.0) 7.60t(7.2)

5" 7.48 t-like (8.0) 7.481(7.2)

6" 8.06 dd (8.0, 1.5) 8.04d (7.2)
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Table S1-2 '"H NMR chemical shifts of assigned metabolites in peony root compared with reference standard compounds

WPR produced in China

Compounds Su P. lactiflora
D1 D2 D3 D4 D17 D18 D22 D23 D24 D29
Paeoniflorol (1) - - - - - - - - - - -
4'-hydroxypaeoniflorigenone (2) - - - - - - - - - - -
4-epi-albiflorin (3) - - - - - - - - - - -
Albiflorin (4) H-2", 6" 8.00 (d, 7.6) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.00 (d, 7.6) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap
H-4" 7.67 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.67 (m) overlap
H-3", 5" 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.54 (m) overlap
H-8 4.54 (d, 12.2) 4.54 (d, 12.2) overlap overlap 4.54 (d, 12.2) 4.54 (d, 12.2) 4.54 (d, 12.2) overlap 4.54 (d, 12.2) overlap
H-4 4.11 (m) 4.11 (m) overlap overlap 4.11 (m) 4.11 (m) 4.10 (m) overlap 4.11 (m) 4.11 (m) 4.11 (m)
H-5 2.76 (m) overlap 2.76 (m) overlap 2.76 (m) overlap 2.76 (m) overlap 2.76 (m) overlap 2.76 (m) overlap 2.76 (m) overlap 2.76 (m) 2.76 (m) 2.76 (m)
H-7 2.66 (m) overlap 2.66 (m) overlap 2.66 (m) overlap 2.66 (m) overlap 2.66 (m) overlap 2.66 (m) overlap 2.66 (m) overlap 2.66 (m) 2.66 (m) 2.66 (m)
H-3 2.28 overlap overlap 2.28 overlap 2.29 overlap overlap 2.28 (m) 2.28 (m) 2.28 (dd, 15.3,6.9) 2.28 (dd, 15.3,6.9) overlap
H-7 1.89 (d, 10.7) 1.89 (d, 10.7) 1.89 (d, 10.7) 1.89 (d, 10.7) 1.89 (d, 10.7) 1.89 (d, 10.7) 1.89 (d, 10.7) 1.89 (d, 10.7) 1.89 (d, 10.7) 1.89 (d, 10.7)
H-3 1.83 (d, 15.3) 1.83 (d, 15.3) 1.83 (d, 14.5) 1.83 (d, 15.3) 1.83 (d, 15.3) 1.83 (d, 15.3) overlap 1.83 (d, 15.3) 1.83 (d, 15.3) 1.83 (d, 15.3) overlap 1.83 (d, 15.3)
H-10 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s)
Paeonivayin (5) - - - = = - = = - - =
Paeoniflorin (6) H-2", 6" 7.98 (m) 7.98 (m) 7.98 (m) 7.98 (m) 7.98 (m) 7.98 (m) 7.98 (m) 7.98 (m) 7.98 (m) 7.98 (m)
H-4" 7.67 (m) 7.67 (m) 7.67 (m) 7.67 (m) 7.67 (m) 7.66 (M) 7.66 (m) 7.66 (m) 7.66 (m) 7.67 (m)
H-3", 5" 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.53 (m) 7.53 (m) 7.53 (m) 7.53 (m) 7.54 (m)
H-9 5.31(s) 5.31(s) 5.31(s) 5.30 (s) 5.31(s) 5.31 (s) overlap 5.31(s) 5.31(s) 5.31(s) 531 (s)
H-8 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m)
H-1' 4.37 (d, 7.6) 4.37 (d, 7.6) 4.37 (d, 7.6) overlap 4.37 (d, 7.6) overlap 4.37 (d, 7.6) overlap 4.38 (d, 7.6) overlap 4.39 (d, 7.6) overlap overlap overlap 4.37 (d, 7.6)
H-5 243 (d, 7.6) 243 (d, 6.9) 243 (d, 7.6) 242 (d, 6.9) 243 (d, 6.1) 243 (d, 54) 243(d, 6.9) 243 (d, 7.6) 243 (d, 6.9) 243(d, 6.1)
H-7 2.36 (m) 2.36 (m) 2.36 (m) 2.35 (m) 2.36 (m) overlap overlap 2.36 (m) overlap 2.36 (m)
H-3 2.03 (d, 12.2) 2.03 (d, 12.2) 2.03(d, 12.2) 2.03(d, 12.2) 2.03(d, 12.2) 2.03 (d, 10.7) 2.03 (d, 10.7) 2.03 (d, 12.2) 2.03 (d, 12.2) 2.03 (d, 12.2)
H-7 1.80 (d, 9.9) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 12.2) 1.80 (d, 13.0) overlap 1.80 (d, 12.2) overlap 1.80 (d, 12.2) overlap 1.80 (d, 10.7)
H-3 1.63 (d, 12.2) 1.63 (d, 12.2) 1.64 (d, 11.5) 1.63 (d, 12.2) 1.64 (d, 13.8) 1.64 (d, 13.0) 1.63 (d, 12.2) 1.63 (d, 12.2) 1.64 (d, 12.2) 1.63 (d, 12.2)
H-10 1.23 (s) 1.22(s) 123 (s) 1.22 (s) 1.23(s) 1.23 (s) 1.23 (s) 1.23 (s) 1.23 (s) 1.23 (s)

4-0O-methyl-paeoniflorin (7)
Salicylpaeoniflorin (8)
Benzoylpaeoniflorin (9)

Mudanpioside C (10)
Galloylpaeoniflorin (11)

Mudanpioside J (12)
Oxypaeoniflorin (13)
Benzoyloxypaeoniflorin (14)
Paeonidanin E (15)
Lactiflorin (16)
Mudanpioside E (17)

H-2", 6"

H-3", 5"
H-2", 6"
H-3
H-10

7.98 (m) overlap
7.67 (m) overlap
7.54

1.11(

m) overlap
s)

7.98 (m) overlap
7.67 (m) overlap
7.53 (m) overlap
1.12(s)

7.98 (m) overlap
7.67 (m) overlap
7.53 (m) overlap
1.11(s)

7.98 (m) overlap
7.67 (m) overlap
7.53 (m) overlap
overlap

overlap

1.13 (s) overlap

7.98 (m) overlap
7.67 (m) overlap
7.53 (m) overlap
1.11(s)
7.98 (m) overlap
7.67 (m) overlap
7.53 (m) overlap
overlap
overlap

1.13 (s) overlap

7.98 (m) overlap
7.67 (m) overlap
7.53 (m) overlap
overlap
overlap
1.13 (s) overlap

7.98 (m) overlap
7.67 (m) overlap
7.54 (m) overlap
112 (s)
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Table S1-2 (Continued)

WPR produced in China

Compounds & P. lactiflora
D1 D2 D3 D4 D17 D18 D22 D23 D24 D29
PGG (18) 6.95 (s) 6.95 (s) 6.95 (s) 6.95 (s) 6.96 (s) 6.96 (s) 6.96 (s) 6.96 (s) 6.96 (s) 6.96 (s)
H-2',6' 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.89 (s)
H-2", 6" 6.83 (s) 6.83 (s) 6.83 (s) 6.82 (s) 6.83 (s) 6.83 (s) 6.83 (s) 6.83 (s) 6.83 (s) 6.83 (s)
H-2", 6" 6.80 (s) 6.80 (s) 6.80 (s) 6.79 (s) 6.80 (s) 6.80 (s) 6.80 (s) 6.80 (s) 6.80 (s) 6.80 (s)
H-2", 6" 675 (s) 675 (s) 675 (s) 6.74 (s) 6.75 () 675 (s) 6.75(s) 6.75 (s) 6.75(s) 6.75(s)
H-1 6.35 (d, 7.6) 6.35 (d, 8.4) 6.35 (d, 8.4) 6.35(d, 8.4) 6.35 (d, 7.6) 6.36 (d, 7.6) 6.36 (d, 8.4) 6.36 (d, 7.6) 6.36 (d, 8.4) 6.35 (d, 8.4)
H-3 593 (t, 9.9) 5.94 (t, 9.9) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.94 (m) 5.94 (m) 5.94 (m) 5.93 (m)
H-2 overlap overlap overlap 542 (m) 543 (m) overlap overlap 543 (m) overlap overlap
H-4 overlap 5.39 (m) overlap 5.39 (d, 8.4) overlap 5.38(d, 84) 5.39 (m) overlap overlap 5.39 overlap overlap overlap
(+)-Catechin (19) H-2' 6.70 (d, 1.5) 6.70 (d, 3.1) 6.70 (d, 2.3) 6.70 (d, 2.3) 6.70 (d, 2.3) 6.70 (d, 1.5) - 6.70 (d, 2.3) 6.70 (d, 2.3) 6.70 (d, 1.5)
H-5' 6.67 (d, 7.6) 6.67 (d, 7.6) 6.67 (d, 7.6) 6.67 (d, 8.4) 6.67 (d, 7.6) 6.67 (d, 7.6) - 6.67 (d, 8.4) 6.67 (d, 84) 6.67 (d, 84)
H-6' 6.57 (dd, 84, 2.3) 6.57 (dd, 84, 2.3) overlap 6.57 (dd, 7.6, 2.3) 6.58 (dd, 841, 2.3) - - 6.58 (dd, 84, 2.3) overlap 6.58 (dd, 7.6, 2.3)
H-8 5.87(d, 23) - 5.87(d, 23) 5.87(d, 2.3) 5.87(d, 23) 5.87(d, 23) 5.87(d, 23) 5.87(d, 23) 5.87(d, 23) 5.87 (d, 23)
H-6 5.67 (d, 1.5) - 5.67 (d, 2.3) 5.67 (d, 2.3) 5.67 (d, 23) 5.67 (d, 2.3) 5.67 (d, 23) 5.67 (d, 23) 5.67 (d, 2.3) 5.67 (d, 1.5)
Paeonol (20) H-6 N - - - - - - N N N
Benzoic acid (21) H-2,6 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) 7.98 (m) overlap
H-4 7.67 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.66 (M) 7.67 (m) overlap
H-3,5 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) 7.54 (m) overlap
Gallic acid (22) H-2,6 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.89 (s)
Methyl gallate (23) - - - - - - - - - - -
Quercetin (24) - - - - - - - - - - -
Sulfonated paeoniflorin (25) H-2", 6" 7.98 (m) overlap - 7.98 (m) overlap - 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap =
H-4" 7.67 (m) overlap = 7.67 (m) overlap = 7.67 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.67 (m) overlap =
H-3", 5" 7.54 (m) overlap - 7.54 (m) overlap - 7.54 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap =
H-9 5.40 (s) - 5.40 (s) - 5.40 (s) 541 (s) 541 (s) 541 (s) 541 (s) -
H-8 4.65 (s) overlap = overlap = 4.65 (s) 4.65 (s) 4.65 (s) 4.65 (s) 4.66 (s) =
H-5 overlap - overlap - overlap overlap 2.89 (d, 6.9) 290 (d, 6.9) overlap -
H-7 overlap = overlap = overlap 2.37 (m) 2.37 (m) 2.37 (m) 2.38 (m) =
H-3 overlap - overlap - 2.16 (d, 13.8) 2.16 (d, 13) 2.16 (d, 13.0) 2.16 (d, 13.0) 2.16 (d, 13.0) -
overlap - overlap - overlap 1.80 (d, 12.2) 1.80 (d, 13.0) 1.80 (d, 12.3) 1.80 (d, 12.2) -
H-7 1.71(d, 11.5) = 1.71 (d, 11.5) overlap - 1.71(d, 10.7) 1.71 (d, 10.7) 1.80 (d, 10.7) 1.71(d, 10.7) 1.71(d, 10.7) -
H-10 1.23 (s) - 123 (s) - 1.23 (s) 123 (s) 123 (s) 1.23 (s) 1.23 (s) -
Sucrose (26) H-1 5.17(d, 3.8) 5.17 (d, 3.8) 5.17 (d, 3.8) 5.17 (d, 3.8) 517 (d, 3.8) 5.17 (d, 3.8) 5.17 (d, 3.8) 5.17(d, 3.8) 5.17(d, 3.8) 5.17(d, 3.8)
H-3' 3.87(d, 84) 3.87(d, 7.6) 3.87(d, 84) 3.87(d, 7.6) 3.87(d, 84) 3.87(d, 84) 3.87(d, 84) 3.87(d, 7.6) 3.87(d, 7.6) 3.87(d, 7.6)
H-4' 3.77 (t, 7.6) 3.76 overlap 3.76 (m) 376 m 376 m overlap overlap 3.76 (t, 7.6) overlap 377 (t, 7.6)
H-5' 3.64m overlap 3.64m 3.64m 3.64m overlap overlap 3.64 (m) overlap 3.64 (m) overlap
H-5 356 m overlap 3.56m 356 m 356 m overlap overlap 3.57 (m) 3.57 (m) 3.57 (m)
H-6' 3.49 (d, 5.4) overlap 349 (d, 4.6) 3.49 (d, 4.6) 349 (d, 4.6) overlap overlap 349 (d, 4.6) overlap 3.49 (d, 4.6)
H-6 3.47 (d, 5.4) overlap 3.47 (d, 5.4) 347 (d, 54) 347 (d, 54) overlap overlap 347 (d, 5.4) overlap 3.47 (d, 5.4)
H-3 3.45(d, 9.2) overlap 345(d, 9.2) 3.45(d, 9.2) 345 (d, 9.2) overlap overlap 3.45(d, 9.2) overlap 3.45(d, 9.2)
H-1" 3.40 s overlap overlap 3.40 s overlap 339 (s) 3.40 (s) 3.40 (s) overlap overlap 3.40 (s) overlap 3.40 (s) overlap 3.40 (s) overlap
H-2 3.17 overlap 3.17 overlap 3.17 overlap 3.17 overlap 3.17 overlap 3.18 overlap 3.18 overlap 3.17 overlap 3.18 overlap 3.18 overlap
H-4 311, 9.2) overlap 311, 9.2) 311 (t,9.2) 3.11(t,9.2) 311Tm overlap 311 (t,9.2) 3.11 (m) overlap 311 (m)
D-Glucose (27) H-1 4.89 (d, 3.8) 4.89 (d, 3.1) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.1) 4.89 (d, 3.8)
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Table S1-2 (Continued)

PR produced in Japan

Compounds Su P. lactiflora
D6 D7 D8 D10 D50 D51 D52 D9 D49
Paeoniflorol (1) - - - = - - - - - -
4'-hydroxypaeoniflorigenone (2) - - - - - - - - - -
4-epi-albiflorin (3) - - - = - - - - - -
Albiflorin (4) H-2", 6" 8.00 (d, 7.6) overlap 8.00 overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.00 (d, 7.6) overlap 8.00 (d, 7.6) overlap
H-4" 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap
H-3", 5" 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap
H-8 overlap 4.54 (d, 13.0) overlap 454 (d, 12.2) 454(d, 12.2) 454(d, 12.2) 454(d, 12.2) 454(d, 12.2) 454(d, 12.2) 454(d, 12.2)
H-4 4.10 (m) overlap 4.11 (m) 4.10 (m) 4.10 (m) overlap 4.10 (m) 4.11 (m) 4.10 (m)
H-5 2.76 (m) overlap 2.76 (m) 2.76 (m) 2.76 (m) 2.76 (m) 2.76 (m) 2.76 (m) 2.76 (m) overlap
H-7 2.66 (m) overlap 2.66 (m) 2.66 (m) 2.66 (m) 2.66 (m) 2.66 (m) 2.66 (m) overlap 2.66 (m) overlap
H-3 overlap overlap overlap overlap overlap overlap 2.28 (dd, 14.5, 6.1) overlap overlap
H-7 1.89 (d, 10.7) overlap 1.89 (d, 10.7) 1.89 (d, 11.5) overlap 1.89 (d, 11.5) overlap 1.89 (d, 11.5) 1.89 (d, 11.5) 1.89 (d, 10.7) 1.89 (d, 11.5)
H-3 1.83 (d, 15.3) overlap 1.83 (d, 15.3) 1.83 (d, 14.5) overlap 1.83 (d, 14.5) overlap 1.83 (d, 15.3) 1.83 (d, 16.0) 1.83 (d, 16.8) 1.83 (d, 15.3)
H-10 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s)
Paeonivayin (5) - - = - = - = - - =
Paeoniflorin (6) H-2", 6" 7.97 (m) 7.97 (m) 7.97 (m) 7.97 (m) 7.97 (m) 7.97 (m) 7.97 (m) 7.97 (m) 7.97 (m)
H-4" 7.66 (m) 7.66 (m) 7.66 (m) 7.66 (m) 7.66 (m) 7.66 (m) 7.66 (m) 7.67 (m) 7.66 (m)
H-3", 5" 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m)
H-9 5.30 (s) 5.30 (s) 5.30 (s) 5.30 (s) 5.30 (s) 5.30 (s) 5.30 (s) 5.31(s) 5.30 (s)
H-8 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m)
H-1' 4.37 (d, 7.6) 437 (d, 7.6) 4.37(d, 7.6) 4.37 (d, 7.6) 4.37 (d, 7.6) 4.37 (d, 7.6) 437 (d, 7.6) 437 (d, 7.6) 4.37 (d, 7.6)
H-5 242 (d, 6.9) 243 (d, 7.6) 242 (d, 6.1) 242 (d, 6.1) 242 (d, 6.9) 242 (d, 6.1) 242 (d, 6.9) 243 (d, 6.9) 242 (d, 6.1)
H-7 2.35 (m) 2.35 (m) 2.35 (m) 235 (m) 2.35 (m) 235 (m) 2.36 (m) 236 (m) 2.35 (m)
H-3 2.03(d, 12.2) 2.03(d, 122 2.03(d, 12.2) 2.03(d, 12.2) 2.03(d, 122 2.03(d, 12.2) 2.03(d, 12.2) 2.03(d, 12.2) 2.03(d, 12.2)
H-7 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 9.9) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7)
H-3 1.63 (d, 12.2) 1.63 (d, 12.2) 1.63 (d, 11.5) 1.63 (d, 13.0) 1.63 (d, 13.0) 1.63 (d, 12.2) 1.63 (d, 12.2) 1.63 (d, 12.2) 1.63 (d, 12.2)
H-10 1.22 (s) 123 (s) 1.23 (s) 1.22 (s) 1.22 (s) 1.22 (s) 1.22 (s) 123 (s) 1.22 (s)
4-O-methyl-paeoniflorin (7) - - - - - - - - - -
Salicylpaeoniflorin (8) = - - - - - - = = -
Benzoylpaeoniflorin (9) H-2", 6", 2", 6" 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.98 (m) overlap 7.97 (m) overlap
H-4", 4™ 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap
H-3", 5", 3", 5" 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap
H-10 1.11(s) 1.11(s) 111 () 1.11 () 1.11(s) 1.11 () 111 () 111 () 1.11(s)
Mudanpioside C (10) - - - - - - - - - -
Galloylpaeoniflorin (11) H-2", 6" 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.98 (m) overlap 7.97 (m) overlap
H-4" 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap
H-3", 5" 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap
H-10 1.13 (s) 1.13 (s) 113 (s) 113 (s) 1.13 (s) 113 (s) 1.13 (s) 1.13 (s) 1.13 (s)
Mudanpioside J (12) = - - = = - = - - =
Oxypaeoniflorin (13) H-2", 6" 7.82 (m) 7.82 (m) 7.82 (m) 7.82 (m) 7.82 (m) 7.82 (m) - 7.82 (m) 7.82 (m)
H-3", 5" 6.85 (m) overlap 6.85 (m) overlap 6.85 (m) overlap 6.85 (m) 6.84 (m) 6.84 (m) overlap - 6.86 (m) 6.84 (m) overlap
H-9 5.27 (s) overlap overlap 5.27 (s) 5.27 (s) 5.27 (s) overlap - 5.27 (s) overlap

Benzoyloxypaeoniflorin (14)
Paeonidanin E (15)
Lactiflorin (16)
Mudanpioside E (17)
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Table S1-2 (Continued)

PR produced in Japan

Compounds SH P. lactiflora
D6 D7 D8 D10 D50 D51 D52 D9 D49
PGG (18) H-2", 6 6.95(5) 6.95(s) 6.95(s) 6.95(s) 6.95(s) 6.95(s) 6.95(s) 6.96 (5) 6.98 (5)
H-2',6' 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.90 (s) 6.89 (s)
6.82 (s) 6.82 (s) 6.82 (s) 6.82 (s) 6.82 (s) 6.82 (s) 6.82 (s) 6.83 (s) 6.82 (s)
6.79 (s) 6.79 (s) 6.79 (s) 6.79 (s) 6.79 (s) 6.79 (s) 6.79 (s) 6.80 (s) 6.79 (s)
6.74 (s) 6.74 (s) 6.74 (s) 6.74 (s) 6.74 (s) 6.74 (s) 6.74 (s) 6.75 (s) 6.74 (s)
H-1 6.35(d, 84) 6.35(d, 84) 6.35(d, 84) 6.34(d, 84) 6.34 (d, 84) 6.35(d, 7.6) 6.34 (d, 7.6) 6.35 (d, 84) 6.34 (d, 7.6)
H-3 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m)
H-2 overlap overlap 5.43 (m) overlap 5.42 (m) 5.42 (m) 5.43 (m) 5.43 (m) 5.43 (m) 5.42 (m)
H-4 overlap overlap 5.39 (d, 8.4) overlap 5.39 (m) 539 (m) 5.39 (m) 539 (m) 539 (m) 5.38 (m)
(@) Cairzgiin (1) H-2 6.70 (d, 15) - 6.70(d, 23) 6.70(d, 23) = = = 6.70(d, 15) 670 (d, 23)
H-5' 6.67 (d, 84) - 6.67 (d, 84) 6.67 (d, 84) - - - 6.67 (d, 84) 6.67 (d, 7.6)
H-6' 6.57 (dd, 84,2.3) - 6.57 (dd, 7.6, 2.3) 6.57 (dd, 7.6, 2.3) - - - 6.58 (dd, 84,2.3) 6.57 (dd, 84, 2.3)
H-8 5.87 (d, 2.3) - 5.87 (d, 2.3) 5.87 (d, 2.3) - - - 5.87 (d, 2.3) 5.87 (d, 2.3)
H-6 567 (d, 23) - 567 (d, 2.3) 567 (d, 2.3) - - - 5.67 (d, 15) 567 (d, 2.3)
Paeonol (20) H-6 - - - - - - - - -
Benzoic acid (21) H-2, 6 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.98 (m) overlap 7.97 (m) overlap
H-4 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.67 (m) overlap
H-3,5 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.53 (m) overlap 7.54 (m) overlap
Gallic acid (22) H-2, 6 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.89 (s) 6.90 (s) 6.89 (s)
Methyl gallate (23) = = = = = = = = = =
Quercetin (24) - - - - - - - - - -
Sulfonated paeoniflorin (25) - - - - - = - - - -
Sucrose (26) H-1 517 (d, 38) 517 (d, 38) 517 (d, 3.1) 517 (d, 3.8) 517 (d, 3.8) 517 (d, 3.8) 517 (d, 38) 517 (d, 38) 517 (d, 3.8)
H-3' 3.87 (d, 84) 3.87 (d, 84) 3.87 (d, 84) 3.87(d, 7.6) 3.87 (d, 7.6) 3.87 (d, 84) 3.87 (d, 7.6) 3.87 (d, 7.6) 3.87(d, 7.6)
H-4' 3.76 (t, 7.6) 3.76 (t, 7.6) 3.76 (t, 7.6) 3.76 (m) 3.76 (m) 3.76 (m) 3.76 (t,7.6) 3.77 (t,76) 3.76 (m)
H-5' 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m)
H-5 3.56 (m) 3.56 (m) 3.56 (m) 3.56 (m) 3.56 (m) 3.56 (m) 3.56 (m) 3.57 (m) 3.56 (m)
H-6' 349 (d, 4.6) 3.49 (d, 4.6) 3.49 (d, 4.6) 3.49 (d, 4.6) 349 (d, 54) 3.49 (d, 4.6) 349 (d, 54) 349 (d, 4.6) 3.49 (d, 4.6)
H-6 347 (d, 54) 3.47 (d, 54) 3.47 (d, 54) 347 (d, 54) 347 (d, 54) 347 (d, 54) 347 (d, 54) 347 (d, 54) 347 (d, 54)
H-3 3.45 (d, 9.2) 3.45(d, 9.2) 3.45(d, 9.2) 3.45(d, 9.2) 3.45(d, 9.2) 3.45(d, 9.2) 345 (d, 9.2) 345 (d, 9.2) 3.45(d, 92)
H-1 3.39(s) 3.39 (s) 3.39 (s) 3.39 (s) 3.39 (s) 3.39 (s) 3.39 (s) 3.40 (s) 3.39 (s)
H-2 3.18 overlap 3.18 overlap 3.18 overlap 3.18 overlap 3.18 overlap 3.18 overlap 3.18 overlap 3.17 overlap 3.18 overlap
H-4 3.11 (m) 3.11(t, 9.2) 3.11(t, 9.2) 3.11(t, 9.2) 3.11(t 9.2) 311 (m) 3.11(t 9.2) 3.11 (m) 3.11(t, 9.2)
D-Glucose (27) H-1 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.1) 4.89 (d, 3.8) 4.89 (d, 3.1) 4.89 (d, 3.8) 4.89 (d, 3.1)

94



Table S1-2 (Continued)

PR produced in China

RPR produced in China

Compounds Sh P. lactiflora P. lactiflora
D45 D46 D47 D48 D53 D12N D12 D13
Paeoniflorol (1) - - - - - - - - -
4'-hydroxypaeoniflorigenone (2) - - - - - - - - -
4-epi-albiflorin (3) - - - - - - - - -
Albiflorin (4) H-2", 6" 8.00 (d, 7.6) overlap 8.00 (d, 7.6) overlap 8.00 (d, 6.9) overlap 8.00 (d, 8.4) overlap 8.00 (d, 7.6) overlap 8.00 (d, 7.6) overlap 8.00 (d, 7.6) overlap 8.00 (d, 7.6) overlap
H-4" 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap
H-3", 5" 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.53 (m) overlap
H-8 454 (d, 12.2) 454 (d, 12.2) 454 (d, 11.5) 454 (d, 12.2) 454 (d, 12.2) 454 (d, 12.2) 454 (d, 13.8) 454 (d, 12.2)
H-4 4.11 (m) 4.10 (m) 411 (m) 4.10 (m) 4.10 (m) 4.10 (m) overlap overlap
H-5 2.76 (m) 2.76 (m) 2.76 (m) 2.76 (m) 2.76 (m) overlap overlap overlap
H-7 2.66 (m) 2.66 (m) 2.66 (m) 2.66 (m) 2.66 (m) 2.65 (m) overlap 2.66 m overlap
H-7 1.89 (d, 10.7) 1.89 (d, 11.5) 1.89 (d, 10.7) 1.89 (d, 10.7) 1.89 (d, 9.2) overlap overlap 1.89 (d, 11.5)
H-3 1.83 (d, 16.0) 1.83 (d, 14.5) 1.83 (d, 15.3) 1.83 (d, 16.0) 1.83 (d, 15.3) overlap overlap 1.84 (d, 13.8)
H-10 1.38 (s) 1.37 (s) 1.38 (s) 1.38 (s) 1.38(s) 1.38 (s) 1.38 (s) 1.38 (s)
Paeonivayin (5) - - = = - - = - -
Paeoniflorin (6) H-2", 6" 7.98 (m) 7.97 (m) 7.97 (m) 7.97 (m) 7.97 (m) 7.97 (m) 7.98 (m) 7.98 (m) overlap
H-4" 7.67 (m) 7.67 (m) 7.66 (m) 7.66 (m) 7.66 (m) 7.66 (m) 7.67 (m) 7.67 (m) overlap
H-3", 5" 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.54 (m) 7.53 (m) overlap
H-9 531 (s) 5.31(s) 5.30 (s) 5.30 (s) 5.30 (s) 5.30 (s) 5.31(s) 5.31(s)
H-8 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m)
H-1 4.37 (d, 7.6) 437 (d, 7.6) 437 (d, 84) 437 (d, 7.6) 437 (d, 7.6) 4.37 (d, 84) 437 (d, 7.6) 4.37 (d, 7.6)
H-5 243 (d, 84) 242 (d, 6.9) 242 (d, 6.9) 242 (d, 6.1) 242 (d, 6.1) 242 (d, 6.1) 243 (d, 6.1) 243 (d, 6.9)
H-7 2.36 (m) 2.35 (m) 2.35 (m) 2.35 (m) 2.35 (m) 2.35 (m) 2.36 (m) 236 m
H-3 2.03(d, 12.2) 2.03(d, 122 2.03 (d, 13.0) 2.03(d, 122 2.03(d, 122 2.03(d, 12.2) 2.03(d, 12.2) 2.03(d, 12.2)
H-7 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7)
H-3 1.63 (d, 12.2) 1.63 (d, 13.0) 1.63 (d, 13.0) 1.63 (d, 12.2) 1.63 (d, 12.2) 1.63 (d, 12.2) 1.64 (d, 12.2) 1.64 (d, 12.2)
H-10 123 (S) 1.22 (s) 123 () 1.22 (s) 1.22 (s) 1.22 (s) 123 (s) 1.23 (s)
4-O-methyl-paeoniflorin (7) - - - - - - - - -
Salicylpaeonifiorin (8) - - - - - - - - -
Benzoylpaeoniflorin (9) H-2", 6", 2", 6" - 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap - 7.98 (m) overlap
H-4", 4™ - 7.67 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap - 7.67 (m) overlap
H-3", 5" 3" - 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap - 7.53 (m) overlap
H-10 - 1.11(s) 1.11(s) 1.11(s) 1.11(s) 1.11 () - 1.12(s)
Mudanpioside C (10) - - - - - - - = =
Galloylpaeoniflorin (11) H-2", 6" - 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap - 7.98 (m) overlap
H-4" - 7.67 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap - 7.67 (m) overlap
H-3", 5" - 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap - 7.53 (m) overlap
H-10 - 1.12 (s) overlap 1.13 (s) overlap 1.13 (s) 1.13 (s) 1.13 (s) overlap - 1.13 (s) overlap
Mudanpioside J (12) - - - - - - = - =
Oxypaeoniflorin (13) H-2", 6" 7.82 (m) 7.82 (m) 7.82m - - 7.82 (m) 7.82 (m) 7.82m
H-3", 5" overlap overlap overlap - - 6.84 (m) overlap overlap overlap
H-9 overlap overlap overlap - - overlap 527 (s) 5.27 (s)

Benzoyloxypaeoniflorin (14)
Paeonidanin E (15)
Lactiflorin (16)
Mudanpioside E (17)
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Table S1-2 (Continued)

PR produced in China

RPR produced in China

Compounds Su P. lactiflora P. lactiflora
D45 D46 D47 D48 D53 D12N D12 D13
PGG (18) PGG 6.95(5) 6.95(s) 6.95(s) 6.95(s) 6.95(5) 6.95 (5) 6.96 (5) 6.96 (5)
H-2',6' 6.89 (s) 6.89 (s) 6.90 (s) 6.88 (s) 6.89 (s) 6.89 (s) 6.90 (s) 6.90 (s)
H-2", 6" 6.83 (s) 6.82 (s) 6.83 (s) 6.82 (s) 6.82 (s) 6.83 (s) 6.83 (s) 6.83 (s)
H-2, 6" 6.80 (s) 6.79 (s) 6.80 (s) 6.79 (s) 6.79 (s) 6.79 (s) 6.80 (s) 6.80 (s)
H-2", 6" 6.75 (s) 6.74 (s) 6.75 (s) 6.74 (s) 6.74 (s) 6.74 (s) 6.75 (s) 6.75 (s)
H-1 6.35(d, 8.4) 6.35(d, 8.4) 6.35 (d, 8.4) 6.34 (d, 8.4) 6.35 (d, 8.4) 6.35(d, 8.4) 6.36 (d, 8.4) overlap
H-3 5.93 (m) 5.94 (m) 5.93 (m) 5.93 (m) 593 (t,9.9) 5.93 (m) 5.94 (m) 5.94 (m)
H-2 543 (m) 542 (m) 543 (m) 542 (m) 543 (m) 5.42 (m) 543 (m) 5.44 (m)
H-4 5.39 (m) 5.39 (m) 5.39 (m) 5.39 (m) 5.39 (m) 5.38 (m) 5.39 (m) 5.39 (m)
(+)-Catechin (19) H-2' 6.70 (d, 2.3) 6.70 (d, 2.3) 6.70 (d, 2.3) 6.70 (d, 2.3) = = 6.71(d, 23) 6.71(d, 2.3)
H-5' 6.67 (d, 7.6) overlap 6.67 (d, 84) 6.67 (d, 84) - - 6.67 (d, 8.4) 6.66 (d, 7.6)
H-6' 6.57 (dd, 9.2, 1.5) overlap 6.58 (dd, 7.6, 2.3) overlap - - 6.56 (dd, 8.4, 1.5) overlap
H-8 5.88(d, 2.3) overlap overlap overlap - = 5.88 (d,2.3) 5.88 (d,2.3)
H-6 5.67 (d, 2.3) overlap 5.67 (d, 2.3) overlap - = 5.67 (d, 2.3) 5.67 (d, 2.3)
Paeonol (20) - - - - - - - - -
Benzoic acid (21) H-2,6 7.98 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.98 (m) overlap 7.98 (m) overlap
H-4 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap
H-3,5 7.53 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.53 (m) overlap
Gallic acid (22) H-2,6 6.89 (s) 6.89 (s) 6.90 (s) 6.88 (s) 6.89 (s) 6.89 (s) 6.90 (s) 6.90 (s)
Methyl gallate (23) - - - - - - - - -
Quercetin (24) - - - - - - - - -
Sulfonated paeoniflorin (25) - - - - - - - - -
Sucrose (26) H-1 517 (d, 3.8) 5.16 (d, 3.8) 517 (d, 3.1) 517 (d, 3.8) 517 (d, 3.8) 5.17 (d, 3.8) 517 (d, 3.1) 517 (d, 3.8)
H-3' 3.87(d, 84) 3.87 (d, 84) 3.87 (d, 84) 3.87 (d, 84) 3.87 (d, 7.6) 3.87(d, 84) 3.87 (d, 84) 3.87(d, 7.6)
H-4' 3.77 (m) 3.76 (t,7.6) 3.77 (t,7.6) 3.76 (m) 3.76 (m) 3.76 (t, 7.6) 3.77 (m) overlap
H-5' 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m)
H-5 3.56 (m) 3.56 (m) 3.57 (m) 3.56 (m) 3.56 (m) 3.56 (m) 3.57 (m) 3.57 (m) overlap
H-6' 349 (d, 4.6) 3.49 (d, 4.6) 3.49 (d, 4.6) 3.49 (d, 4.6) 3.49 (d,4.6) 349 (d, 4.6) 3.50 (d, 4.6) overlap
H-6 347 (d, 54) 3.47 (d, 54) 3.47 (d, 54) 347 (d, 54) 3.47 (d, 54) 347 (d, 54) 347 (d, 54) overlap
H-3 345(d, 9.2 344 (d, 9.2) 345 (d, 9.2) 3.45(d, 9.2) 345 (d, 9.2) 345(d, 9.2 3.45(d, 9.2) overlap
H-1 3.40 (s) 339 (s) 3.40 (s) 339 (s) 339 (s) 339 (s) 340 (s) 3.40 (s) overlap
H-2 3.18 overlap 3.18 overlap 3.18 overlap 3.18 overlap 3.18 overlap 3.17 (dd, 9.2, 3.8) 3.18 overlap 3.18(dd, 9.2,3.8)
H-4 3.11 (t, 9.2) 3.11 (m) 3.11 (m) 311, 9.2) 311, 9.2) 3.1 (m) 3.11 (m) 3.11 (m)
D-Glucose (27) H-1 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.1) 4.89 (d, 3.1) 4.89 (d, 3.8) 4.89 (d, 3.8)
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Table S1-2 (Continued)

RPR produced in China

Compounds Su P. lactiflora P. veitchii
D14 D15 D54 D16 D11 DS-1 DS-5 DS-6 DS-7

Paeoniflorol (1) - - - = = - - - - -
4'-hydroxypaeoniflorigenone (2) - - - - - - - - - -
4-epi-albiflorin (3) - - - = = - - - - -
Albiflorin (4) H-2", 6" 8.00 (d, 6.9) overlap 8.00 (d, 6.9) overlap 8.00 (d, 8.4) overlap 8.00 (d, 8.4) overlap 8.01 overlap 8.00 overlap 8.01 overlap 8.01 overlap 8.00 overlap

H-4" 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap

H-3", 5" 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.53 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap

H-8 4.53 (d, 12.2) 4.54 (d, 12.2) overlap 4.54 (d, 12.2) overlap 4.54 (d, 12.2) overlap overlap overlap overlap overlap

H-4 4.10 (m) overlap overlap overlap 4.11 (m) overlap overlap overlap overlap overlap

H-5 2.76 (m) overlap overlap overlap 2.76 (m) overlap overlap overlap overlap overlap

H-7 overlap overlap overlap 2.66 (m) overlap overlap overlap overlap overlap

H-3 overlap overlap overlap overlap overlap overlap overlap overlap overlap

H-7 overlap overlap overlap 1.89 (d, 10.7) overlap overlap overlap overlap overlap

H-3 overlap overlap overlap 1.83 (d, 16.0) overlap overlap overlap overlap overlap

H-10 1.37 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s) 1.38 (s)
Paeonivayin (5) - - - - - - - - - -
Paeoniflorin (6) H-2", 6" 7.97 (m) 7.97 (m) 7.98 (m) 7.97 (m) 7.97 (m) 7.98 (m) 7.97 (m) 7.97 (m) 7.97 (m)

H-4" 7.66 (m) 7.67 (m) 7.67 (m) 7.66 (m) 7.66 (m) 7.67 (m) 7.66 (m) 7.66 (m) 7.66 (m)

H-3", 5" 7.54 (m) 7.54 (m) 7.54 (m) 7.53 (m) 7.54 (m) 7.54 (m) 7.53 (m) 7.53 (m) 7.53 (m)

H-9 5.30 (s) 5.31(s) 5.31(s) 5.31(s) 5.31(s) 5.31(s) 5.30 (s) 5.30 (s) 5.30 (s)

H-8 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m) 4.63 (m)

H-1' 4.37 (d, 7.6) 437 (d, 7.6) 4.37(d, 7.6) 4.37 (d, 84) 4.37 (d, 7.6) 4.37 (d, 7.6) 4.37 (d, 7.6) 437 (d, 7.6) 4.37 (d, 7.6)

H-5 242 (d, 6.1) 243 (d, 6.9) 243 (d, 6.1) 242 (d, 6.9) 243 (d, 6.1) 243 (d, 6.1) 242 (d, 6.9) 242 (d, 6.9) 242 (d, 6.1)

H-7 235 (m) 2.36 (m) 235 (m) 235 (m) 2.36 (m) 2.36 (m) 2.35 (m) 235 (m) 235 (m)

H-3 2.03(d, 12.2) 2.03(d, 13.0) 2.03(d, 12.2) 2.03(d, 12.2) 2.03(d, 12.2) 2.03(d, 12.2) 2.03 (d, 13.0) 2.03(d, 12.2) 2.03(d, 12.2)

H-7 1.79 (d, 9.9) 1.80 (d, 10.7) 1.80 (d, 9.9) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7) 1.80 (d, 10.7)

H-3 1.63 (d, 12.2) 1.64 (d, 13.0) 1.63 (d, 12.2) 1.63 (d, 13.0) 1.64 (d, 12.2) 1.64 (d, 12.2) 1.64 (d, 11.5) 1.64 (d, 11.5) 1.63 (d, 11.5)

H-10 1.22 (s) 1.23 (s) 1.23 (s) 1.23 (s) 1.23 (s) 1.23 (s) 1.23 (s) 1.23 (s) 1.22 (s)
4-O-methyl-paeoniflorin (7) = = - = = - - - - -
Salicylpaeonifiorin (8) - - - - - - - - - -
Benzoylpaeoniflorin (9) H-2", 6", 2", _ _

6 7.97 (m) overlap 7.97 (m) overlap 7.98 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap

H-4", 4" 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap - - 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap

?3 53" 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.53 (m) overlap - - 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap

H-10 111 () 1.11(s) 1.11 () 1.11 () - - 1.11 () 111 () 111 ()
Mudanpioside C (10) - - - - - - - - - -
Galloylpaeoniflorin (11) H-2", 6" 7.97 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.97 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.97 (m) overlap 7.97 (m) overlap

H-4" 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.66 (m) overlap

H-3", 5" 7.54 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.54 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap

H-3 1.55 (d, 12.2) 1.56 (d, 13.0) overlap 156 (d, 12.2) overlap 1.56 (d, 13.0) 1.56 (d, 12.2) 1.56 (d, 12.2) 1.56 (d, 12.2) 155 (d, 12.2)

H-10 112 (s) 1.13 (s) 113 (s) 1.13 (s) overlap 113 (s) 113 (s) 113 (s) 1.13 (s) 1.12 (s)
Mudanpioside J (12) = = - = = = = = - =
Oxypaeoniflorin (13) H-2", 6" 7.82 (m) 7.82 (m) 7.82 (m) - - - - - -

H-3", 5" 6.85 (m) 6.85 (m) 6.84 (m) - - - - - -

H-9 overlap - - - - - -

Benzoyloxypaeoniflorin (14)
Paeonidanin E (15)
Lactiflorin (16)
Mudanpioside E (17)

527 (s) 5.27 (s)
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Table S1-2 (Continued)

RPR produced in China

Compounds Su P. lactiflora P. veitchii
D14 D15 D54 D16 D11 DS-1 DS-5 DS-6 DS-7
PGG (18) H-2", 6" 6.95 (s) 6.96 (s) 6.95 (s) 6.96 () 6.96 (s) 6.95 (s) 6.96 (s) 6.96 (s) 6.95 (s)
H-2',6' 6.89 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.89 (s) 6.90 (s) 6.90 (s) 6.89 (s)
H-2", 6" 6.82 (s) 6.83 (s) 6.83 (s) 6.83 (s) 6.83 () 6.83 (s) 6.83 (s) 6.83 () 6.82 ()
H-2"", 6" 6.79 (s) 6.80 (5) 6.80 (s) 6.80 (s) 6.80 (s) 6.80 (s) 6.80 (s) 6.80 (s) 6.79 (s)
H-2", 6" 674(5) 675 (s) 675() 675(5) 675 () 675() 675(s) 675(5) 674()
H-1 6.35 (d, 7.6) 6.36(d, 8.4) 6.35(d, 8.4) 6.35 (d, 8.4) 6.35(d, 7.6) 6.35(d, 8.4) 6.35 (d, 8.4) 6.35(d, 84) 6.35(d, 84)
H-3 5.93 (m) 5.94 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m) 5.93 (m)
H-2 5.42 (m) 5.43 (m) 5.43 (m) overlap 5.43 (m) 5.43 (m) 5.43 (m) 5.43 (m) 5.42 (m)
H-4 5.38 (m) 5.39 (m) 5.39 (m) overlap 5.39 (m) 5.39 (m) 5.39 (m) 5.39 (m) 5.39 (m)
(+)-Catechin (19) H-2' 6.70 (d, 2.3) 6.70 (d, 2.3) 6.70 (d, 2.3) overlap - - - - -
H-5 6.67 (d, 7.6) 6.66 (d, 8.4) 6.67 (d, 7.6) overlap = = = = =
H-6' 6.57 (dd, 8.4, 1.5) 6.58 (dd, 84, 2.3) 6.58 (dd, 7.6, 2.8) overlap - - - - -
H-8 5.87 (d,.2.3) 5.87(d, ,2.3) 5.87 (d.2.3) 5.87 (d, 23) - - - - -
H-6 5.67 (d, 23) 5.67 (d, 23) 5.67 (d, 2.3) 5.67 (d, 2.3) - - - - -
Paeonol (20) - - - - - - - - - -
Benzoic acid (21) H-2,6 7.97 (m) overlap 7.97 (m) overlap 7.98 (m) overlap 7.97 (m) overlap 7.98 (m) overlap 7.98 (m) overlap 7.97 (m) overlap 7.97 (m) overlap 7.97 (m) overlap
H-4 7.64 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.67 (m) overlap 7.67 (m) overlap 7.66 (m) overlap 7.66 (m) overlap 7.66 (m) overlap
H-3, 5 7.54 (m) overlap 7.54 (m) overlap 7.54 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.54 (m) overlap 7.53 (m) overlap 7.53 (m) overlap 7.53 (m) overlap
Gallic acid (22) H-2,6 6.89 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.90 (s) 6.89 (s) 6.90 (s) 6.90 (s) 6.89 (s)
Methyl gallate (23) H-2,6 = = = = = 6.92 (s) 6.92 () 6.92 (s) 6.92 (s)
Quercetin (24) - - - - - - - - - =
Sulfonated paeoniflorin (25) H-2", 6" - - - 7.97 (m) overlap - - - — —
H-4" = = = 7.66 (m) overlap = = = = =
Rk, 5 = = = 7.53 (m) overlap - - - - -
H-9 - - - 541 (s) - - - - -
H-8 = = = 4.65 (s) = = = = =
H-5 - - - overlap - - - - -
H-7 - - - 237 (m) - - - - -
H-3 - - - overlap - - - - -
- - - overlap - - - - -
H-7 = = = 1.71(d, 10.7) = = = = =
H-10 - - - 1.22 (s) - - - - -
Sucrose (26) H-1 5.16 (d, 3.8) 5.17 (d, 3.8) 5.17(d, 3.8) 5.17(d, 3.8) 517 (d, 3.1) 517 (d, 3.8) 5.17 (d, 3.8) 5.17 (d, 3.8) 5.16 (d, 3.1)
H-3' 3.87 (d, 84) 3.87(d, 7.6) 3.87(d, 84) 3.87(d, 7.6) 3.87(d, 7.6) 3.87(d, 84) 3.87(d, 7.6) 3.87(d, 7.6) 3.87(d, 84)
H-4' 3.76 (m) 3.77 (t, 7.6) 3.76 (t, 7.6) 3.76 (m) 377 (t,7.6) 377 (t,7.6) 3.77 (m) 3.77 (m) 376 (t, 7.6)
H-5' 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m) 3.64 (m)
H-5 3.56 (m) 3.57 (m) 3.56 (m) 3.56 (m) 3.57 (m) 3.56 (m) 3.57 (m) 3.57 (m) 3.56 (m)
H-6' 3.49 (d, 4.6) 3.49 (d, 4.6) 3.49 (d, 4.6) 3.49 (d, 4.6) 3.50 (d, 4.6) 3.50 (d, 4.6) 3.49 (d, 4.6) 3.49 (d, 4.6) 3.49 (d, 4.6)
H-6 3.47 (d, 5.4) 3.47 (d, 4.6) 3.47(d, 5.4) 3.47(d, 5.4) 3.47(d, 46) 3.47(d, 5.4) 3.47 (d, 5.4) 3.47(d, 54) 3.47(d, 54)
H-3 3.45(d, 9.2) 3.45(d, 9.2) 3.45(d, 9.2) 345(d, 9.2) 3.45(d, 9.2) 3.45(d, 9.2) 3.45(d, 9.2) 3.45(d, 92) 3.45(d, 92)
H-1" 3.39 (s) overlap 3.40 (s) 340 (s) 340 (s) 3.40 (s) overlap 340 (s) 3.40 (s) 340 (s) 3.39(s)
H-2 3.17 (dd, 9.2, 3.8) 3.18 (dd, 9.9, 3.8) 3.17 overlap 3.17 (dd, 9.9, 3.8) 3.18 (dd, 9.9, 3.8) zcil(adpd' 9238 3.18 overlap 3.18 overlap 3.17 (dd, 9.9, 3.8)
H-4 3.11(t,9.2) 3.11 (m) 3.1 (m) 3.11(t,9.2) 3.1 (m) 3.1 (m) 3.11(,9.2) 3.11(t, 9.2 3.1 (m)
D-Glucose (27) H-1 4.89 (d, 3.1) 4.89 (d, 3.8) 4.89 (d, 3.1) 4.89 (d, 3.1) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8) 4.89 (d, 3.8)
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Table S1-3 Purity of reference compounds using gHNMR in Chapter 1

Compound name

Molecular mass

Selected signal &y

Purity (%)

gallic acid (22)
albiflorin (4)
paeoniflorin (6)
benzoic acid (2
PGG (18)

170.12
480.46
480.47
1) 122.12
940.68

6.90 (s)

1.38 (9)*

5.31 (s)*

7.61 (t, J=7.5 Hz)
6.75 (s)*

90.30
84.61
78.08
99.88
87.01

* the signals were used to quantify these compounds in extracts.

Table S1-4 Linear regression data of compounds in Chapter 1

Compound LOD (pg/mL)? LOQ (ug/mL)® Calibration curve equation Linear range (mg/mL) Recovery (%) RSD (%)
gallic acid (22) 0.34 1.12 1.0000 y = 11619536.9744 x - 15738.1730 0.0027-1.0756 97.18% 0.23%
albiflorin (4) 0.1 0.36 1.0000 y = 8666813.4091 x + 25560.7084 0.0034-1.3776 96.91% 0.51%
paeoniflorin (6) 0.08 0.28 1.0000 y =12583408.7735 x + 29627.3939 0.0027-1.0820 106.81% 0.92%
benzoic acid (21) 0.0005 0.0018 1.0000 y =39010105.1433 x - 143.5365 0.0005-0.1742 101.55% 0.72%
PGG (18) 031 1.04 0.9999 y = 14115132.4028 x - 66528.4218 0.0025-1.0018 102.29% 2.09%

[

: Limit of detection (S/N=3)

b: Limit of quantification (S/N=10)

Table S1-5 Intra- and inter-day precision in Chapter 1

Intra-day precision (RSD, %)

Inter-day precision (RSD, %)

Compound - - - -

Standard mixture solution D18 Standard mixture solution D18
gallic acid (22) 0.16 0.14 0.13 0.1
albiflorin (4) 038 0.11 0.26 0.21
paeoniflorin (6) 0.44 0.13 0.16 0.12
benzoic acid (21) 0.13 0.07 0.04 0.15
PGG (18) 0.27 0.07 0.60 0.02

Table S1-6 75% Ethanol extract yields and sucrose (26) contents in plant samples (n=3)

Extract content (mg/qg)

Sucrose content (mg/qg)

No. mean + SD mean + SD

A 222 + 27 99.2 + 14.7
B 141+ 7 49.1 + 3.9
C 397 £ 15 2213+ 94
D 386 + 17 208.7 + 9.2
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Table S1-7 Data matrix creation conditions and model reliability of Figs. S1-5 and S1-6

e Spectra Normalization Sucrose (26) signals* R2X Q?
RPR samples
Fig. S1-5a & b "H NMR Peak area of internal standard + 0.921 0.775
Fig. S1-5c & d "H NMR Peak area of internal standard = 0.948 0.816
Fig. S1-5e & f qHNMR Peak area of internal standard + 0.864 0.579
Fig. S1-5g & h gqHNMR Peak area of internal standard = 0.967 0.800
Fig. S1-6a & b "H NMR Total intensity + 0.719 0.507
Fig. S1-6c & d "H NMR Total intensity = 0.701 0.438
Fig. S1-6e & f gqHNMR Total intensity + 0.729 0.495
Fig. S1-6g & h gqHNMR Total intensity = 0.681 0.429
*' + and - indicate including and excluding sucrose (26) signals, respectively.
R2X: model interpretation rate
Q% model predictive ability
Table S1-8 Data matrix creation conditions and model reliability of Figs. 1-6 and S1-7
OPLS-DA
Spectra Normalization Sucrose (26) signals* R2X R?Y Q@
RPR samples
Fig. 1-6a & b "H NMR Peak area of internal standard + 0.973 0.998 0.944
Fig. 1-6c & d "H NMR Peak area of internal standard - 0.904 0.967 0.911
Fig. 1-6a & b gqHNMR Peak area of internal standard + 0.952 0.995 0.959
Fig. 1-6c & d gqHNMR Peak area of internal standard = 0.967 0.995 0.971
Fig. S1-7a & b "H NMR Total intensity + 0.772 0.983 0.953
Fig. S1-7c & d "H NMR Total intensity = 0.754 0.990 0.950
Fig. S1-7e & f gHNMR Total intensity + 0.947 0.997 0.976
Fig. S1-7g & h gHNMR Total intensity - 0.679 0.990 0.951

*' + and - indicate including and excluding sucrose (26) signals, respectively.
R2X and R?Y: model interpretation rate
Q2% model predictive ability
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Fig. S1-1 Representative HPLC chromatograms of peony root samples. a: D18 of WPR treated by sulfur fumigation; b: D52 of PR produced in Japan; c: D12 of RPR
derived from P. lactiflora; and d: D11 of RPR derived from P. veitchii.
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Fig. S1-2 Scores Scatter Plot t1 vs u1 of PLS model using quantitative values quantified using qHNMR and HPLC.
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Fig. S1-4 PCA results using data matrix converted from 'H NMR and gHNMR spectra of 31 peony root samples
derived from P. lactiflora (normalized to total intensity). The creation conditions of each data matrix were
summarized in Table 1-8. Score plot: the numbers indicate code no. of samples shown in Table 1-2. Loading plot:
the numerals indicate chemical shift (&u in ppm).
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Fig. S1-5 PCA results using data matrix converted from "H NMR and gHNMR spectra of 11 RPR samples derived
from P. lactiflora and P. veitchii (normalized to internal standard). The creation conditions of each data matrix were
summarized in Table S1-7. Score plot: the numbers indicate code no. of samples shown in Table 1-2. Loading plot:
the numerals indicate chemical shift (&u in ppm).
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Fig. S1-6 PCA results using data matrix converted from "H NMR and gHNMR spectra of 11 RPR samples derived
from P. lactiflora and P. veitchii (normalized to total intensity). The creation conditions of each data matrix were
summarized in Table S1-7. Score plot: the numbers indicate code no. of samples shown in Table 1-2. Loading plot:
the numerals indicate chemical shift (&1 in ppm).
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RPR samples derived from P. lactiflora W rPr samples derived from P. veitchii
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Fig. S1-7 OPLS-DA results using data matrix converted from "H NMR and gHNMR spectra of 11 RPR samples
derived from P. lactiflora and P. veitchii (normalized to total intensity). The creation conditions of each data matrix
were summarized in Table S1-8. Score plot: the numbers indicate code no. of samples shown in Table 1-2. S-plot:
the numerals indicate chemical shift (&u in ppm).
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Crude drug (JpMO06, 400 g)

MeOH 25L x 4
Ath

MeOH ext. (40 g)
‘ DIAION HP-21 CC

20% MeOH 50% MeOH MeOH
8.0L 6.0L
‘ 18.9L a0L
‘ Red syrup-like part ‘ Yellow honey-like part
1A approx. 10g 1D 11732.8 mg 1B 160.3 mg 1C 2451.4 mg 1E 1440.5mg
0ODS MPLC ODS MPLC 0ODS MPLC
MeOH / H,0 MeOH / H,0 MeOH / H,0
2A 2B2856mg 2C 3A 3B 3C 3D 4A 4B 4C 4D 4E 4F 4G 4H
P-HPLC | | | P-HPLC P-HPLC
CHCN (0.1% FA) : H,0 (0.1% FA) P-HPLC CH:CN (0.1% FA): Hy0 (0.1% FA) | CHsCN (0.1% FA): H;0 (0.1% FA)
CHZCN (0.1% FA) : H0 (0.1% FA)
31169.0 mg
3317.3 mg 30153 mg 35126 mg 2987.2mg

Scheme S2-1 Isolation of 29, 30, 31, 33, and 35

Crude drug (TMPW No. 31171, 435.3 g)

MeOH 25 L x 4
Ath

MeOH ext. (60 g)
| DIAION HP-20 CC

20% MeOH 50% MeOH 75% MeOH MeOH
4L 7L 0L 5L
Fr. A Fr.B(5g) Fr. C Fr.D
ODS MPLC
MeOH / H;0
Fr. B1 Fr.B2 Fr. B3
129
(300 mg)
P-HPLC
CH3CN (0.1% FA): H,0 (0.1% FA)
34 6.3 mg
36 3.4 mg

Scheme S2-2 Isolation of 34 and 36

Crude drug (TwMO1, 400 g)

MeOH 25 L x 4
Ath

MeOH ext. (113 g)
| DIAION HP-21 CC

20% MeOH ‘ 20% MeOH 20% MeOH MeOH
251 8L 20L

Fr.F Fr.G Fr.H (4111.3 mg) Fr. |

ODS MPLC
MeOH / H,O

Fr. H1 Fr. H2 Fr. H3

ODS MPLC
MeOH / H,O

37554 mg

Scheme S2-3 Isolation of 37
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Table S2-1 'H NMR chemical shifts of detected compounds of each sample

Compounds 8H CnMO1 CnM02 CnMO03 CnMO04 CnMO05 CnMO06 CnMO07 CnMO09 CnM10 CnM11 CnM12
naringin (28) H-2' 6 7.31(d, 84) 7.31(d, 84) - 7.31(d, 84) 7.31(d, 84) 7.31(d, 84) 7.31(d, 84) - 731(d,7.6) 7.31(d, 84) 7.31(d, 84)
H-3'5 6.81(d, 84) 6.81(d, 84) - 6.81(d, 84) 6.81(d, 84) 6.81(d, 84) 6.81(d, 84) - 6.81(d, 9.2 6.81(d, 9.2) 6.81(d, 84)
H-8 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap - 6.17 (d, 1.5) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap - 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap
H-6 6.15 (d, 1.5) overlap 6.15 (d, 2.3) overlap - 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap - 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap
H-2 overlap overlap - overlap 5.38 (m) overlap overlap overlap - 5.38 (m) overlap overlap 5.38 (m) overlap
H-1 5.24 (dd, 5.4, 2.3) overlap 5.24 (m) overlap - 5.24 (m) overlap 5.24 (m) overlap 5.24 (dd, 6.1, 1.5) overlap 5.23 (dd, 5.4, 1.5) overlap - 5.27 (m) 5.24 (m) overlap 5.24 (m) overlap
H-1 5.10 (m) overlap overlap - 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap - 5.10 (dd, 8.4, 7.6) 5.10 (m) overlap 5.10 (m) overlap
H-2 3.92 (m) 3.92 (m) - overlap 3.92 (m) 3.92 (m) overlap 3.92 (m) overlap - 3.92 (m) overlap 3.92 (m) overlap 3.92 (m) overlap
H-5"" 3.88 (m) 3.88 (m) - overlap 3.88 (m) 3.88 (m) overlap 3.88 (m) overlap - 3.88 (m) overlap 3.88 (m) overlap 3.88 (m) overlap
H-6" 3.85 (m) 3.85 (m) - overlap 3.85 (m) 3.85 (m) overlap 3.85 (m) overlap - 3.85 (m) overlap 3.85 (m) overlap 3.85 (m) overlap
H-4" 3.37 overlap 3.37 overlap - 3.38 overlap 3.37 overlap 3.38 overlap overlap - 3.37 overlap overlap 3.37 overlap
H-3 3.17 overlap overlap - overlap 3.16 overlap 3.16 overlap overlap - 3.16 (m) overlap overlap
2.75 (m) overlap overlap - 2.76 (m) overlap 2.75 (m) overlap 2.75 (m) overlap 2.76 (m) overlap - 2.75 (m) 2.75 (m) 2.75 (m)
H-6 1.28 (d, 6.1) overlap overlap - 1.28 (d, 6.1) overlap 1.28 (d, 6.1) overlap 1.28 (d, 6.1) overlap 1.27 (d, 54) overlap - 1.28 (d, 4.6) overlap 1.28 (d, 6.1) overlap 1.28 (d, 6.1) overlap
Lecenccil2s) H-2 691(9) 691() - 691() 691(9) 691(9) 691(9) = 69109 69109 69109
H-5' 6.78 (d, 1.5) 6.78 (d, 23) - 6.78 (d, 1.5) 6.78 (d, 2.3) 678 (d, 23) 678 (d, 23) - 6.78 (d, 1.5) 6.78 (d, 1.5) 6.78(d, 23)
H-6" 6.78 (d, 1.5) 6.78 (d, 2.3) - 6.78 (d, 1.5) 6.78 (d, 2.3) 6.78 (d, 23) 6.78 (d, 23) - 6.78 (d, 1.5) 6.78 (d, 1.5 6.78 (d, 23)
H-8 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap - 6.17 (d, 1.5) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap - 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap
H-6 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap - 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap - 6.14 (d, 2.3) overlap 6.14 (d, 1.5) overlap 6.14 (d, 2.3) overlap
H-2 5.32 (m) 5.32 (m) overlap - 5.32 (m) 5.32 (m) 5.32 (m) 5.32 (m) - 5.32 (m) 5.32 (m) 5.32 (m)
H-1"" 5.24 (dd, 5.4, 2.3) overlap 5.24 (m) overlap = 5.24 (m) overlap 5.24 (m) overlap 5.24 (dd, 4.6, 1.5) overlap 5.23 (dd, 5.4, 1.5) overlap - 5.24 (m) overlap 5.24 (m) overlap 5.24 (m) overlap
H-1" 5.10 (m) overlap overlap - 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap - 5.10 (m) overlap 5.10 (t, 8.0) overlap 5.10 (m) overlap
H-2"" overlap overlap - overlap overlap 3.92 (m) overlap 3.92 (m) overlap - 3.92 (m) overlap overlap overlap
H-6" overlap overlap - overlap overlap 3.87 (m) overlap 3.87 (m) overlap - 3.87 (m) overlap overlap overlap
H-5" overlap overlap - overlap overlap 3.87 (m) overlap 3.87 (m) overlap - 3.87 (m) overlap overlap overlap
H-3 overlap overlap - 3.11 (m) overlap overlap 3.11 (m) overlap 3.11 (m) overlap - overlap overlap 3.12(dd, 16.8,12.2)
2.75 (m) overlap overlap - 2.76 (m) overlap 2.75 (m) overlap 2.75 (m) overlap 2.76 (m) overlap - overlap overlap 2.75 (m) overlap
H-6"" 1.28 (d, 6.1) overlap overlap - 1.28 (d, 6.1) overlap 1.28 (d, 6.1) overlap 1.28 (d, 6.1) overlap 1.27 (d, 54) overlap - 1.28 (d, 6.1) overlap 1.28 (d, 6.1) overlap 1.28 (d, 6.1) overlap
gzdr']*;ﬁ'e"sxpye‘:;‘;zzze H-2 8.04(d, 6.1) 8.04(d, 54) - 8.04(d, 6.1) 8.04(d, 6.1) 8.04(d, 6.1) 8.04(d, 6.1) - 8.04(d, 6.1) 8.04(d, 54) 804(d, 54)
(30) H-8 6.66 (d, 2.3) overlap 6.66 (d, 3.1) - overlap 6.66 (d, 2.3) overlap 6.66 (d, 3.1) 6.66 (d, 23) - 6.66 (d, 2.3) 6.66 (d, 2.3) 6.66 (d, 2.3)
H-6 6.47 (d, 2.3) 6.47 (d, 2.3) - overlap 6.47 (d, 2.3) 6.47 (d, 2.3) 6.47 (d, 2.3) - 6.47 (d, 2.3) 6.48 (d, 1.5) 6.47 (d, 2.3)
-1 6.26 (d, 6.1) 6.26 (d, 6.1) - 6.25 (d, 6.9) 6.25(d, 6.1) 6.25(d, 6.1) 6.25 (d, 5.4) - 6.25(d, 6.1) 6.25(d, 6.1) 6.25(d, 6.1)
H-1 overlap 5.26 (d, 1.5) - overlap 526 (d, 2.3) 5.26(d, 1.5) 5.26(d, 1.5) - 526 (d, 1.5) 526 (d, 1.5) 5.26 (m)
H-6' overlap 5.17 (d, 7.6) - overlap 5.17 (d, 7.6) 5.17(d, 76) 5.17(d, 76) - 5.17(d, 7.6) 5.17(d, 7.6) 5.17(d, 7.6)
ElitkedlHB3e H-1 = = = 751(d,160) = = = = 7554(d, 160) 7552 (d, 160) =
glucoside (31)
H-5 - - - 7.19 (d, 84) = = = = 718 (d, 84) 7.18 (d, 84) =
H-2 - - - 7.09(d, 1.5) - - - - 7.08(d, 23) 7.07(d, 1.5) -
H-6 - - = 7.02 (dd, 8.4, 23) = = = = 7.01 (dd, 84, 23) 7.00 (dd, 8.4, 2.3) =
H-2' - - - 6.31(d, 16.0) - - - - 6.32 (d, 16.0) 6.33 (d, 16.0) -
protocatechuic acid (32) H-2 - - - - - - - 7.41(dd, 9.9,23) - - -
H-6 - - - - - - - 7.41(dd, 9.9,23) - - -
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Table S2-1 (Continued)

Compounds Sn CnMO1 CnM02 CnMO03 CnM04 CnMO05 CnMO06 CnMO07 CnMO09 CnM10 CnM11 CnM12
‘;:;“’:Crgg;;cea(;i:)“'o'ﬁ' H-2' - - - 7.58(d, 16.0) - - - - 7.60 (d, 18.4) - -
H-2,6 - - - 7.53 (d, 84) - - - - 7.54 (d, 7.6) - -
H-3,5 - - - 7.11(d, 84) - - - - 7.11(d, 84) - -
H-1" - - - 6.36 (d, 16.0) - - - - 6.36 (d, 16.0) - -
ferulic acid 4-O-B-p- _ _ _ _ _ — _ - - - - -
glucoside (34)
'::::Eg::g;%%; H-2'6' 7.80(d, 9.2) - - 7.80(d, 9.2) 7.80(d, 92) - - - - 7.80(d, 92) -
glucoside (35) H-8 - - - 6.76 (d, 2.3) overlap - - - - - -
H-6 - - - 6.49 (d, 2.3) 6.49 (d, 2.3) - - - - 6.49 (d, 2.3) -
cinnamtannin D-1 (36) - - - - - - - - - - - -
(-)-epicatechin  3-O-B- _ _ _ _ _ _ _ — — - - -
D-allopyranoside (37)
R ) H-1 538 (d, 38) 538 (d, 38) 538 (d, 3.8) 538 (d, 3.8) 5.38 (d, 38) 5.38 (d, 38) 538 (d, 3.8) 538 (d, 3.8) 538 (d, 3.8) 538 (d, 3.8) 5.38 (d, 3.8) overlap
H-3' 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 8.4) 4.08 (d, 8.4) 4.08 (d, 84) 4.09 (d, 84) 4.08 (d, 84) 4.09 (d, 84) 4.08 (d, 8.4)
H-4' 4.02 (t, 7.6) 4.01 (m) 4.02 (m) overlap 4.02 overlap 4.01 (m) 4.01 overlap 4.02 (t, 8.4) overlap 4.02 (m) overlap 4.01 (m) 4.01 (m)
H-5' 3.82 (m) 3.81 (m) 3.82 (m) overlap 3.81 overlap 3.82 (m) 3.82 (m) overlap 3.82 (m) 3.82 (m) 3.82 (m) 3.82 (m)
H-5 3.77 (m) 3.77 (m) 3.77 (m) 3.77 (m) overlap 3.75 overlap 3.77 (m) 3.77 (m) overlap 3.77 (m) 3.77 (m) 3.77 (m) 3.77 (m)
H-6' 3.72 (d, 4.6) 3.72 (m) 3.70 (m) 3.72 (m) overlap overlap 3.71 (m) 3.72 (m) overlap 3.72 (m) 3.71 (m) 3.72 (m) 3.71 (m)
H-6 3.69 (d, 54) 3.69 (d, 4.6) 3.67 (d, 46) 3.69 (m) overlap overlap 3.69 (d, 54) overlap 3.69 (d, 54) 3.69 (d, 46) 3.69 (d, 54) 3.69 (d, 4.6)
H-3 367 (d, 92) 3.66 (M) 3.67 (d, 84) overlap overlap 3.66 (M) 367 (d, 54) 3.67 (d, 7.6) 3.67(d, 7.6) 3.67 (m) 3.67 (m)
H-1' 3.62 (dd, 206, 12.2) 3.61(dd, 206, 12.3) 3.61(dd, 199, 12.2) overlap overlap 3.61(dd, 20,6, 12.2) 3.61 (m) overlap 3.62 (dd, 214, 12.2) 3.61(dd, 206, 12.2) 3.62 (dd, 206, 12.2) 3.61(dd, 214, 122)
H-2 3.42(dd, 9.9, 3.8) 3.41(dd, 9.9, 3.8) 3.42(dd, 9.9, 3.8) overlap 3.41(dd, 9.2, 3.8) 3.41(dd, 9.2, 3.8) 3.41 (m) 3.42(dd, 9.9, 3.8) 3.41(dd, 9.2, 3.8) 3.42(dd, 9.9, 3.8) 3.41(dd, 9.9,3.8)
H-4 3.35 (m) 3.35 (m) 3.35 (m) overlap 3.35 (m) overlap overlap 3.34 (m) overlap overlap 3.35 (m) overlap 3.35 (m) overlap 3.35 (m) overlap 3.34 (m) overlap
p-glucose (27) H-1(c) - - 510 (d, 3.1) 510 (d, 3.8) 510(d, 3.1) - 5.09 (d, 3.4) overlap 510 (d, 3.1) overlap 5.09 (d, 3.8) overlap 510 (d, 3.1) overlap -
H-1(B) 4.46 (d, 7.6) 4.46 (d, 84) 4.46 (d, 7.6) 4.46 (d, 7.6) 446 (d, 7.6) 446 (d, 84) 4.46 (d, 7.6) 4.46 (d, 7.6) 4.46 (d, 84) 4.46 (d, 84) 4.46 (d, 7.6)
H-6 overlap overlap 3.85 overlap 3.84(dd, 12.2,1.5) 3.84 (m) overlap overlap 3.84 (m) overlap overlap overlap 3.85 overlap overlap
overlap overlap overlap 3.78 (m) overlap 3.78 (m) overlap overlap 3.78 (m) overlap overlap overlap overlap overlap
H-5 overlap overlap overlap 3.76 (m) 3.76 (m) overlap overlap 3.76 (m) overlap overlap overlap overlap overlap
H-3 overlap overlap overlap 3.70 - 3.62 3.71-361 overlap 3.70 - 3.62 overlap overlap overlap overlap
H-4(B) - - overlap 3.34 overlap 3.34 overlap - overlap overlap overlap overlap -
H-4(a) overlap overlap overlap 3.27 (m) 3.27 (m) overlap 3.27 (m) overlap overlap overlap overlap
H-2 3.12 (m) 3.11 (m) 3.11 (m) 3.12 (m) 3.15 (m) 3.11 (m) overlap 3.11 (m) overlap 3.12 (m) 3.11 (m) 3.11 (m) 3.11 (m)
5-HMF (38) A - - - 952 () - - - 952 () 953 () 952 (s) -
(72 - - - overlap - - - 7.38 (d, 3.8) 7.37(d, 38) 7.38 (d, 3.8) -
b - - - overlap - - - overlap overlap 6.57 (d, 3.1) -
L - - - overlap = - = 4.60 (s) 4.60 (s) 4.60 (s) -
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Table S2-1 (Continued)

Compounds Sn CnM13 CnM14 CnM15 CnM16 CnM17 CnM18 CnM19 CnM21 CnM22 CnM23 CnM24
naringin (28) H-2,6' - 7.31(d, 76) - 7.31(d, 84) 7.31(d, 84) - 7.31(d, 84) 7.31(d, 84) 7.31(d, 76) - 731(d,69)
H-3' 5 - 6.81(d, 84) - 6.81(d, 9.2) 6.81(d, 9.2) - 6.81(d, 84) 6.81(d, 9.2) 6.81(d, 84) - 6.81 (d, 8.4) overlap
H-8 - 6.17 (d, 2.3) overlap - 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap - 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap - 6.17 (d, 2.3) overlap
H-6 - 6.15 (d, 2.3) overlap - 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap - 6.15 (d, 2.3) overlap 6.15 (d, 1.5) overlap 6.15 (d, 2.3) overlap - 6.15 (d, 2.3) overlap
H-2 - 5.38 (m) overlap - 5.38 (m) overlap 5.38 (m) overlap - 5.38 (m) overlap 5.39 (m) overlap 5.38 (m) overlap - overlap
H-1" - 5.24 (m) - 5.23 (dd, 5.4, 1.5) overlap 5.24 (dd, 5.4, 2.3) overlap - 5.24 (m) overlap 5.23 (dd, 5.4, 1.5) overlap 5.24 (m) overlap - 5.23 (m) overlap
H-1" - 5.10 (m) overlap - 5.10 (m) overlap 5.10 (m) overlap - 5.10 (m) overlap 5.10 (m) overlap 5.10 (t, 8.4) overlap - 5.10 (m) overlap
H-2" - 3.92 (m) - 3.92 (m) 3.92 (m) overlap - 3.92 (m) overlap 3.92 (m) overlap 3.92 (m) overlap - 3.92 (m) overlap
H-5"" - 3.88 (m) - 3.88 (m) 3.88 (m) overlap - 3.88 (m) overlap 3.88 (m) overlap 3.88 (m) overlap - 3.88 (m) overlap
H-6" - 3.85 (m) - 3.85 (m) 3.85 (m) overlap - 3.85 (m) overlap 3.85 (m) overlap overlap - overlap
H-4™ - 3.38 overlap - 3.38 overlap 3.38 overlap - 3.38 overlap 3.38 overlap 3.37 overlap - 3.37 overlap
H-3 - overlap - overlap overlap - overlap 3.16 (m) overlap 3.16 (m) overlap - 3.17 (m) overlap
- 2.76 (m) - 2.76 (m) 2.75 (m) - 2.75 (m) overlap 2.75 (m) overlap 2.75 (m) overlap - overlap
H-6"" - 1.28 (d, 6.1) overlap - 1.28 (d, 6.1) overlap 1.27 (d, 5.4) overlap - 1.28 (d, 6.1) overlap 1.27 (d, 4.6) overlap 1.28 (d, 4.6) overlap - 1.28 (d, 6.1) overlap
MEBEREEi (EE) H-2 = 6.91(s) = 6.91(s) 6.91(s) = 6.92(s) 6.91(s) 6.91(s) = 6.92 (s)
H-5' - 6.78 (d, 2.3) - 6.78 (d, 1.5) 6.78 (d, 1.5) - 6.78 (d, 1.5) 6.78 (d, 1.5) 6.78 (d, 1.5) - 6.78 (d, 1.5)
H-6' - 6.78 (d, 2.3) - 6.78 (d, 1.5) 6.78 (d, 1.5) - 6.78 (d, 1.5) 6.78 (d, 1.5) 6.78 (d, 1.5) - 6.78 (d, 1.5)
H-8 - 6.17 (d, 2.3) overlap - 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap - 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap - 6.17 (d, 2.3) overlap
H-6 - 6.14 (d, 2.3) overlap - 6.14 (d, 1.5) overlap 6.14 (d, 2.3) overlap - 6.14 (d, 1.5) overlap 6.14 (d, 1.5) overlap 6.14 (d, 2.3) overlap - 6.14 (d, 2.3) overlap
H-2 - 5.32 (m) - 5.32 (m) 5.32 (m) - 5.32 (m) 5.32 (m) 5.32 (m) - 5.32 (m)
H-1" - 5.24 (m) overlap - 5.23 (dd, 5.4, 1.5) overlap 5.24 (dd, 5.4, 2.3) overlap - 5.24 (m) overlap 5.23 (m) overlap 5.24 (m) overlap - 5.23 (m) overlap
H-1" - 5.10 (m) overlap - 5.10 (m) overlap 5.10 (m) overlap - 5.10 (m) overlap 5.10 (m) overlap 5.10 (t, 8.4) overlap - 5.10 (m) overlap
H-2 - 3.92 (m) overlap - overlap overlap - overlap overlap overlap - overlap
H-6" - 3.87 (m) overlap - overlap overlap - overlap overlap overlap - overlap
H-58 - 3.87 (m) overlap - overlap overlap - overlap overlap overlap - overlap
H-3 - 3.12 (m) overlap - overlap overlap - 3.11 (m) overlap 3.11 (m) overlap overlap - 3.12 (m) overlap
- 2.76 (m) overlap - overlap overlap - overlap 2.75 (m) overlap 2.75 (m) overlap - 2.76 (m) overlap
H-6"" - 1.28 (d, 6.1) overlap - 1.28 (d, 6.1) overlap 1.28 (d, 5.4) overlap - 1.28 (d, 6.1) overlap 1.27 (d, 4.9) overlap 1.28 (d, 4.9) overlap - 1.28 (d, 6.1) overlap
5.7-dihydroxychromone 7-0- .5 - 8.04(d, 6.1) - 8.04 (d, 6.1) 8.04 (d, 6.1) - 8.04 (d, 6.1) 8.04 (d, 54) 8.04 (d, 54) - 804 (d, 5.4)
neohesperidoside (30)
H-8 - overlap - overlap 6.66 (d, 2.3) - 6.66 (d, 2.3) overlap 6.66 (d, 2.3) overlap - overlap
H-6 - 6.47 (d, 2.3) - 6.47 (d, 2.3) 6.47 (d, 2.3) - 6.47 (d, 1.5) 6.47 (d, 2.3) 6.47 (d, 2.3) - 6.47 (d, 2.3)
H-1" - 6.25(d, 6.1) - 6.25 (d, 6.1) 6.25 (d, 6.1) - 6.25 (d, 6.1) 6.26 (d, 6.1) 6.25(d, 6.1) - overlap
H-1' - 5.26 (m) - 5.26 (d, 1.5) 5.26 (d, 2.3) - 5.26 (d, 2.3) 5.26 (d, 1.5) 5.26 (d, 1.5) - overlap
H-6" - 5.17 (d, 7.6) - 5.17 (d, 7.6) 5.17 (d, 7.6) - 5.17 (d, 7.6) 5.17 (d, 6.9) 5.17 (d, 7.6) - overlap
caffeic acid 4-O-B-b- H-1' - - - - - - - - - - -
glucoside (31)
H-5 = = = = = = = = = = =
H-2 - - - - - - - - - - -
H-6 - - - - - - - - - - -
H-2' - - - - - - - - - - -
protocatechuic acid (32) H-2 - - 7.41(dd, 9.9, 2.3) - - . - - - - -
H-6 - - 741(dd, 9.9,23) - - - - - - - -
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Table S2-1 (Continued)

Compounds &n CnM13 CnM14 CnM15 CnM16 CnM17 CnM18 CnM19 CnM21 CnM22 CnM23 CnM24
p-coumaric acid 4-O-B-D- _ _ _ - - - - - - - -
glucoside (33)
ferulic  acid  4-O-B-b- _ _ _ _ — _ - - - - -
glucoside (34)
fs:g:é:g'ei%"é; H-2,6' - 7.80 (d, 92) - 7.80 (d, 9.2) - - 7.80 (d, 9.2) - - - 7.80 (d, 92)
glucoside (35) H-8 - - - - - - overlap - - - overlap
H-6 - 6.49 (d, 2.3) - 6.49 (d, 2.3) - - 6.49 (d, 2.3) - - - 6.49 (d, 2.3)
cinnamtannin D-1 (36) - - - - - - - - - - - -
(-)-epicatechin ~ 3-O-B-b- _ _ _ _ _ _ _ _ _ _ _ _
allopyranoside (37)
e () H-1 538 (d, 3.8) 538(d,38) overlap  538(d,38)overlap  538(d,38)overlap  5.38(d,38)overlap  538(d, 38) 538(d,38) overlap  538(d,38)overlap 538 (d, 3.8) overlap 5.38 (d, 3.8) 538 (d, 3.1)
H-3' 4.09 (d, 84) 4.09 (d, 7.6) 4.09 (d, 84) 4.09 (d, 7.6) 4.08 (d, 8.4) 4.09 (d, 8.4) 4.08 (d, 84) 4.09 (d, 7.6) 4.08 (d, 8.4) 4.09 (d, 84) 4.09 (d, 84)
H-4' 4.02 (t, 7.6) overlap 4.01 (m) 4.01 (m) 4.01 overlap overlap 4.02 overlap 4.01 (m) 4.01 (m) 4.01 (t, 7.6) 4.02 (m) overlap 4.01 (t, 7.6)
H-5' 3.82 (m) 3.82 (m) 3.82 (m) 3.82 (m) overlap 3.82 (m) overlap 3.82 (m) overlap 3.82 (m) overlap 3.81 (m) 3.81 overlap 3.82 (m)
H-5 3.77 (m) 3.77 (m) 3.77 (m) 3.77 (m) overlap 3.77 (m) overlap 3.77 (m) overlap 3.77 (m) overlap 3.77 (m) overlap 3.77 (m) overlap 3.77 (m) 3.77 (m)
H-6' 3.72 (m) 3.72 (m) 3.72 (m) 3.72 (m) overlap 3.72 (m) overlap 3.72 (m) overlap 3.71 (m) 3.72 (m) 3.72 (m) overlap 3.72 (m) overlap 3.72 (m)
H-6 3.69 (d, 6.1) 3.69 (d, 4.6) 3.69 (d, 6.1) 3.69 (d, 54) 3.69 (m) overlap 3.69 (m) overlap 3.69 (d, 6.1) 3.69 (d, 54) 3.69 (d, 5.4) 3.69 (d, 6.9) 3.69 (d, 6.9)
H-3 3.67 (m) 3.67 (m) 3.67 (m) overlap 3.67 (m) overlap overlap 3.67 (m) 3.67 (m) 3.67 (m) 3.67 (m) overlap 3.67 (m)
H-1' 3.61 (m) overlap 3.61(dd, 206, 12.2) 3.62 (m) 3.62 (m) 3.61 overlap 3.62 (dd, 206, 12.2) 3.62 (dd, 214, 12.2) 3.62 (dd, 206, 12.2) 3.62 (dd, 20.6. 12.3) overlap 3.61 (m) overlap 3.62 (dd, 214, 12.2)
H-2 3.42(dd, 9.9,38) 3.41(dd, 9.9,38) 3.42(dd, 9.9,38) 3.42 (m) overlap 3.41 (m) overlap 342 (dd, 9.9,338) 342 (dd,9.2,38) 3.42(dd, 9.9,38) overlap 3.42(dd, 9.9,38) 3.42(dd, 9.9,38)
H-4 3.35 (m) 3.35 (t, 9.2) overlap 3.35 (m) overlap overlap overlap 3.34 (m) overlap 3.34 (m) overlap overlap 3.37 overlap 3.35 (m)
o-glucose (27) H-1(0) 510 (d, 3.1) - 510 (d, 3.1) 510 (d, 3.1) 510(d, 3.1) overlap  5.10(d, 3.8) - 5.11(d, 38) - 510 (d, 3.8) -
H-1(B) 4.46 (d, 7.6) 4.46 (d, 7.6) 447 (d, 7.6) 447 (d, 7.6) 446 (d, 7.6) 447 (d, 7.6) 4.46 (d, 7.6) 4.46 (d, 84) 4.46 (d, 7.6) overlap 4.46 (d, 7.6) overlap 447 (d, 7.6)
H-6 overlap overlap 3.85 overlap 3.85 overlap overlap 3.85 overlap overlap 3.84(dd, 122, 1.5) overlap 3.85 overlap overlap
overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap
H-5 overlap overlap overlap 3.77 (m) overlap overlap overlap overlap overlap overlap overlap overlap
H-3 overlap overlap overlap 3.71-3.61 overlap overlap overlap overlap overlap overlap overlap
H-4(B) overlap - overlap overlap overlap - - overlap - overlap -
H-4(a) overlap overlap overlap 3.27 (m) overlap 3.27 (m) overlap 3.27 (m) overlap 3.27 (m) overlap
H-2 3.12 (m) overlap 3.12 (m) overlap 3.11 (m) overlap 3.12 (m) overlap 3.11 (m) overlap 3.11 (m) overlap 3.12 (m) overlap 3.12 (m) overlap overlap 3.11 (m) overlap
SINFER) H-1 9.52 (s) - 9.52 (s) - - 9.52 (s) - - 9.52 (s) - -
H-2 7.38(d, 3.8) - overlap - - 7.38(d, 3.1) - - overlap - -
H-3 overlap - overlap - = 6.58 (d, 3.8) = = overlap - -
H-4 4.60 (s) - overlap - = 4.60 (s) = = overlap - -
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Table S2-1 (Continued)

Compounds & JpMO1 JpM02 JpM03 JpMo4 JpMO05 JpMO6 JpMo8 JpM09 JpM10 JpM11 JpM16 JpM17 JpM18 JpM19
naringin (28) H-2,6' - - 731(d, 84) 731(d, 76) 731(d, 76) 731(d, 84) 731(d, 84) 731(d, 84) 731(d, 84) - - 7.33 (d, 8.4) overlap 733 (d, 9.2) overlap 733 (d, 8.4) overlap

H-3',5' - - 6.81(d, 9.2) 6.81(d, 8.4) 6.81(d, 8.4) 6.81(d, 84) 6.81(d, 84) 6.81(d, 84) 6.81(d, 84) - - 6.81(d, 84) 6.81(d, 84) overlap overlap

H-8 - - 6.17 (d, 1.5) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap - - 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap

H-6 - - 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap - - 6.15 (d, 2.3) overlap 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap

H-2 - - 5.38 (m) overlap 5.38 (m) overlap 5.38 (m) overlap 5.38 (m) overlap 5.39 (m) overlap 5.38 (m) overlap 5.38 (m) overlap - - 5.39 (m) overlap 5.39 (m) overlap 5.38 (m) overlap

H-1" - - 5.23(dd, 5.4, 1.5) 5.23(dd, 5.4, 1.5) 5.23 (m) overlap 5.23 (m) overlap 5.23(dd, 5.4, 1.5) 5.23(dd, 5.4, 1.5) 5.23(dd, 5.4, 1.5) - - overlap 5.23 (m) overlap 5.23 (m) overlap

H-1" - - 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap - - overlap overlap overlap

H-2" - - 3.92 (m) overlap 3.92 (m) overlap 3.92 (m) overlap 3.92 (m) overlap 3.92 (m) overlap 3.92 (m) overlap overlap - - overlap overlap overlap

H-5" - - 3.88 (m) overlap 3.88 (m) overlap 3.88 (m) overlap 3.88 (m) overlap 3.88 (m) overlap 3.88 (m) overlap overlap - - overlap overlap overlap

H-6" - - 3.85 (m) overlap 3.85 (m) overlap 3.85 (m) overlap 3.85 (m) overlap 3.85 (m) overlap 3.85 (m) overlap overlap - - overlap overlap overlap

H-4" - - 3.38 overlap 338 (t, 9.2) overlap 3.37 overlap 3.38(m) 3.38 overlap 3.38 overlap overlap - - overlap overlap overlap

H-3 - - overlap overlap overlap overlap overlap overlap overlap - - overlap overlap overlap

- - 2.75 (m) overlap 2.75 (m) overlap 2.76 (m) overlap 2.75 (m) overlap 2.75 (m) overlap 2.75 (m) overlap 2.75 (m) overlap - - overlap overlap overlap

H-6' - - 1.28 (d, 6.1) overlap 1.28 (d, 4.6) overlap 1.28 (d, 6.1) overlap 1.28 (d, 6.1) overlap 1.28 (d, 5.4) overlap 1.28 (d, 6.1) overlap 1.28 (d, 54) overlap - - 1.28 (s) overlap 1.28 (s) overlap 1.28 (s) overlap
pecsriccuCs) H-2' = - 691(9) 691(9) 691() 691(9) 691(9) 691(9) 69109 - - 692() 692(9) 692(9)

H-5' = = 6.78 (d, 1.5) 6.78 (d, 23) 6.78 (d, 23) 6.78 (d, 2.3) 6.78 (d, 2.3) 6.78 (d, 1.5) 6.78 (d, 1.5) = = 6.79(d, 2.3) 6.78 (d, 2.3) overlap 6.78 (d, 2.3) overlap

H-6' = = 6.78 (d, 1.5) 6.78 (d, 23) 6.78 (d, 23) 6.78 (d, 2.3) 6.78 (d, 2.3) 6.78 (d, 1.5) 6.78 (d, 1.5) = = 6.78 (d, 2.3) 678 (d, 23) 6.78 (d, 2.3) overlap

H-8 = = 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap = = 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap

H-6 - - 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap - - 6.15 (d, 2.3) overlap 6.14 (d, 2.3) overlap 6.15 (d, 2.3) overlap

H-2 - - 5.32 (m) 5.32 (m) 5.32 (m) 5.32 (m) 5.32 (m) 5.32 (m) 5.32 (m) = = 5.33 (m) overlap 5.32 (m) overlap 5.32 (m) overlap

H-1" - - 5.23 (dd, 54, 15) 5.23 (dd, 54, 1.5) 5.23 (m) overlap 5.23 (m) overlap 5.23(dd, 54, 1.5) 5.23 (dd, 54, 1.5) 5.23 (dd, 54, 1.5) - - overlap 5.23 (m) overlap overlap

H-1" - - 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap 5.10 (m) overlap - - overlap overlap overlap

H-2" - - 3.92 (m) overlap 3.92 (m) overlap 3.92 (m) overlap 3.92 (m) overlap 3.92 (m) overlap overlap overlap - - overlap overlap overlap

H-6" - - 3.87 (m) overlap 3.87 (m) overlap 3.87 (m) overlap 3.87 (m) overlap 3.88 (m) overlap overlap overlap - - overlap overlap overlap

H-5" - - overlap overlap overlap overlap overlap overlap overlap - - overlap overlap overlap

H-3 - - 3.12 (m) overlap 3.12 (m) overlap 3.12 (m) overlap 3.12 (m) overlap 3.12 (m) overlap overlap 3.12 (m) overlap - - overlap overlap overlap

- - 2.75 (m) overlap 2.75 (m) overlap 2.76 (m) overlap 2.75 (m) overlap 2.75 (m) overlap 2.75 (m) overlap 2.75 (m) overlap - - overlap overlap overlap

H-6" - - 1.28 (d, 6.1) overlap 1.28 (d, 4.6) overlap 1.28 (d, 6.1) overlap 1.28 (d, 6.1) overlap 1.28 (d, 5.4) overlap 1.28 (d, 5.4) overlap 1.28 (d, 5.4) overlap - - 1.28 (s) overlap 1.28 (s) overlap 1.28 (s) overlap
Z}:I;/droxychromone 7. H-2 - - 8.04 (d, 6.1) 8.04(d, 6.1) 8.04(d, 6.1) 8.04(d, 6.1) 8.04 (d, 6.1) 8.04 (d, 6.1) 8.04 (d, 5.4) - - - B =
(Og-;)echesperidOSide H-8 - - 6.66 (d, 2.3) overlap 6.66 (d, 2.3) overlap 6.66 (d, 2.3) 6.66 (d, 1.5) 6.66 (d, 2.3) 6.66 (d, 2.3) overlap 6.66 (d, 2.3) - - - - -

H-6 - - 6.47 (d, 2.3) 6.47 (d, 2.3) 6.47 (d, 2.3) 6.47 (d, 2.3) 6.47 (d, 2.3) 6.47 (d, 2.3) 6.47 (d, 2.3) - - - - -

H-1" - - 6.25(d, 6.1) 6.25(d, 6.1) 6.25(d, 6.1) 6.25(d, 6.1) 6.25(d, 6.1) 6.26 (d, 6.1) 6.26 (d, 6.1) - - - B =

H-1' - - 5.26 (d, 2.3) 5.26 (d, 1.5) 5.26 (d, 1.5) 5.26(d, 1.5) 5.26(d, 2.3) 5.26 (d, 1.5) 5.26 (d, 1.5) - - - - -

H-6" - - 5.17(d, 7.6) 5.17(d, 76) 5.17(d, 76) 5.17 (d, 7.6) 5.17 (d, 7.6) 5.17(d, 76) 5.17(d, 76) - - - - -
;Tlf(;‘sizce'fa‘:’)o’ﬁ"” H-1 = = = = = = = = = = = = = 752(d, 153)

H-5 - - - - - - - - - - - - - 7.19(d, 84)

H-2 - - - - - - - - - - - - - 7.09 (d, 23)

H-6 - - - - - - - - - - - - - 7.03 (dd, 84, 2.3)

H-2' - - - - - - - - - - - - - 631(d, 16.0)
'("3';)‘0‘3‘9‘“““ acid H-2 742 (dd, 107,2.3) 7.41(dd, 8.4, 2.3) - - - - - - - - - - - -

H-6 742 (dd, 10.7,2.3) 7.41(dd, 84,23) - - - - - - - - - - - -
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Table S2-1 (Continued)

Compounds &1 JpMO1 JpM02 JpMO3 JpMo4 JpMO05 JpMO6 JpM08 JpM09 JpM10 JpM11 JpM16 JpM17 JpM18 JpM19
p-coumaric acid 4-O- H-2' - - - - - - - - - - - - - -
B-p-glucoside (33)

H-2,6 - - - - - - - - - - - - - -

H-3,5 - - - - - - - - - - - - - -

H-1' - - - - - - - - - - - - - -
ferulic acid 4-O-B-p- _ _ — — — - - - - - = = = = -
glucoside (34)

'r‘::n“:r"’gg'ei%%; H-2,6 - - 7.80 (d, 9.2) 7.80 (d, 8.4) - 7.80 (d, 8.4) 7.80(d, 92) 7.80(d, 92) 7.80 (d, 9.2) - - - - -
glucoside (35) H-3',5' - - overlap overlap - overlap overlap 6.92(d, 9.2) overlap - - - - -

H-8 - - overlap overlap - overlap overlap 6.75(d, 3.1) overlap - - - - -

H-6 - - 6.49 (d, 2.3) 6.49(d, 2.3) - overlap overlap overlap overlap - - - - -
cinnamtannin D-1 (36) - - - = - - - - - - - - - - -
(D)aﬁsg;:;g;‘ di'g'_lﬁ)' H-2 705(d,23) - - - - - - - - 7.05(d,23) 7.05(d,23) - - -

H-6' 6.80 (dd, 8.4,2.3) - - - - - - - - 6.81(dd, 8.4,23) 6.81(dd, 8.4, 1.5) - - -

H-5' 6.69 (d, 8.4) - - - - - - - - 6.69 (d, 8.4) 6.69 (d, 8.4) - - -

H-6 593 (d, 2.3) - - - - - - - - 593 (d, 2.3) 593 (d, 2.3) - - -

H-8 589 (d, 2.3) - - - - - - - - 589 (d, 2.3) 589 (d, 2.3) - - -

H-2 5.08 (d, 2.3) overlap - - - - - - - - 5.08 (d, 2.3) overlap 5.08 (d, 2.3) overlap - - -

H-1" 476 (d, 7.6) - - - - - - - - 4.76 (d, 7.6) overlap 4.76 (d, 7.6) overlap - - -

H-3 overlap - - - - - - - - 4.45 (m) overlap overlap - - -

H-4 2.80 (m) overlap - - - - - - - - 2.79 (dd, 16.0, 4.59) overlap - - -

2.72 (m) overlap - - - - - - - - 2.72 (dd, 16.8, 5.4) overlap - - -
SiETE= ) H-1 5.38(d, 38) 5.38(d, 38) 5.38(d, 38) 5.38(d, 38) 5.38(d, 38) 5.38(d, 3.8) 5.38(d, 38) 538(d, 38) 5.38(d, 3.8) 5.38(d, 3.8) 5.38(d, 3.8) 5.38(d, 38) 5.38(d, 3.8) 5.38(d, 38)

H-3' 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 7.6) 4.09 (d, 7.6) 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 7.6) 4.09 (d, 84) 4.09 (d, 84) 4.09 (d, 84)

H-4' 4.02 overlap overlap 4.01 (m) 4.02 (m) overlap 401 (t, 7.6) overlap overlap overlap 4.01 (m) 4.02 (m) overlap overlap 4.01 (m) 4.02 (m) 4.02 (m)

H-5 overlap 3.82 (m) overlap 3.82 (m) 3.82 (m) 3.82 (m) 3.82 (m) 3.82 (m) 3.81(m) 3.82 (m) 3.81 (m) overlap overlap 3.82 (m) 3.82(m) 3.83(m)

H-5 3.77 (m) overlap 3.76 (m) overlap 3.77 (m) 3.77 (m) 3.77 (m) 3.77 (m) 3.77 (m) 3.77 (m) 3.77 (m) 3.77 (m) overlap overlap 3.77 (m) 3.77 (m) 3.77 (m)

H-6' 3.72 (m) overlap 3.72 (m) overlap 3.72 (m) 3.72 (m) overlap 3.72 (m) overlap 3.72 (m) overlap 3.72 (m) 3.72 (m) overlap 3.72 (m) 3.72 (m) overlap overlap 3.72 (m) 3.72 (m) 3.72 (m)

H-6 overlap 3.69 (d, 54) 3.69 (d, 54) 3.69 (d, 54) 3.69 (d, 54) 3.69 (d, 54) 3.69 (d, 4.6) 3.69 (d, 54) 3.69 (d, 54) 3.69 (m) overlap overlap 3.69 (d, 6.1) 3.69 (d, 6.1) 3.69 (d, 6.9)

H-3 overlap overlap 3.67 (m) 3.67 (m) 3.67 (m) 3.67 (m) 3.66 (m) 3.67 (m) overlap 3.67 (m) overlap overlap 3.67 (m) 3.67 (m) 3.67 (m)

H-1' 3.61 (m) overlap 3.61(dd, 20.6, 12.2) 3.62 (dd, 20.6,12.2) 3.61 (m) overlap 3.61(dd, 21.4,122) 3.62 (m) overlap 3.61 (m) 3.61 (m) overlap 3.62 (m) 3.61(dd, 20.6,12.2) overlap 3.62 (dd, 21.4,122) 3.61(dd, 20.6,12.2) 3.62 (dd, 20.6,12.2)

H-2 342 (dd, 9.9,38) 3.41(dd, 9.2,38) 3.42(dd, 9.9, 3.8) 3.41(dd, 9.9, 3.8) 3.42(dd, 9.9, 38) 3.41(dd, 9.9,3.8) 3.41(dd, 9.9, 3.8) 3.42(dd, 9.9, 3.8) 3.42(dd, 9.9,3.8) 3.42(dd, 9.9,3.8) 3.42(dd, 9.9,3.8) 3.42(dd, 9.9, 3.8) 3.42(dd, 9.9,3.8) 3.42(dd, 9.9, 3.8)

H-4 overlap overlap 3.35(m) 3.35(m) overlap 3.35 (m) overlap 3.35 (m) overlap 3.35 (m) overlap 3.35 (m) overlap 3.35 (m) overlap overlap 3.35(m) 3.35(m) 3.35 (m) overlap
p-glucose (27) H-1(c) 5.10(d, 3.8) 5.09 (d, 3.8) 5.10 (d, 3.1) overlap 5.09 (d, 3.1) 5.10(d, 3.1) 5.10(d, 3.8) 5.09 (d, 3.1) 5.10(d, 3.8) 5.09(d, 3.1) 5.10(d, 3.8) 5.10(d, 3.8) 5.10(d, 3.8) 5.10(d, 3.8) 5.10(d, 3.8)

H-1(B) 4.46 (d, 84) 4.46 (d, 7.6) 446 (d, 84) 4.46 (d, 84) 4.46 (d, 7.6) 446 (d, 7.6) 4.46(d, 7.6) 4.46 (d, 84) 446 (d, 7.6) 447 (d, 7.6) 4.47 (d, 7.6) 4.47(d, 76) 4.47 (d, 7.6) 4.47(d, 76)

H-6 3.85 overlap 3.85 overlap overlap 3.84 (m) overlap 3.85 overlap 3.85 overlap overlap overlap overlap 3.84 (dd, 12.2,1.5) 3.84 (dd, 11.5, 1.5) 3.84 (m) overlap 3.84 (m) overlap 3.84 (m) overlap

3.78 (m) overlap 3.78 (m) overlap overlap overlap overlap overlap overlap overlap overlap 3.77 (m) overlap 3.77 (m) overlap overlap overlap overlap

H-5 3.76 (m) overlap 3.76 (m) overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap

H-3 3.70 - 3.62 overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap

H-4(B) 3.34 (m) overlap overlap overlap overlap overlap overlap overlap overlap overlap overlap 3.35(dd, 9.9,38) 3.34 (m) overlap overlap overlap

H-4(c) 3.27 (m) overlap 3.27 (m) overlap 3.27 (m) 3.27 (m) 3.27 (m) overlap 3.27 (m) overlap 3.27 (m) overlap 3.27 (m) overlap overlap 3.27 (m) 3.27 (m) 3.27 (m) 3.27 (m)

H-2 3.11 (m) 3.11 (m) 3.12(t, 84) overlap 3.12 (m) overlap 3.11 (m) overlap 3.11 (m) overlap 3.11 (m) 3.12 (m) overlap 3.12 (m) overlap 3.12 (m) 3.12(m) 3.12 (m) 3.12(m) 3.12(m)

5-HMF (38)
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Table S2-1 (Continued)

Compounds Su TwMO1 TwMO02 TwMO03 CnPO1 CnP02 CnPO03 CnP04
naringin (28) H-2', 6 - - - 7.31(d, 84) 7.31(d, 84) 7.31(d, 8.4) 7.31(d, 8.4)
H-3', 5' - - - 6.81(d, 8.4) 6.81(d, 8.4) 6.81(d, 8.4) 6.81(d, 8.4)
H-8 - - - 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 1.5) overlap
H-6 - - - 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap 6.15 (d, 2.3) overlap
H-2 - - - 5.39 (m) overlap 5.39 (m) overlap 5.39 (m) overlap 5.38 (m) overlap
H-1" - - - 5.23 (dd, 5.4, 1.5) overlap 5.23 (dd, 5.4, 1.5) overlap 5.24 (dd, 3.8, 1.5) overlap 5.24 (m) overlap
H-1" - - - 5.10 (m) overlap 5.10 (m) overlap 5.10 (t, 7.6) overlap 5.10 (m) overlap
H-2 - - - overlap 3.93 (m) overlap 3.93 (m) overlap 3.93 (m) overlap
H-5" - - - 3.88 (m) overlap 3.88 (m) overlap 3.88 (m) overlap 3.88 (m) overlap
H-6" - - - 3.85 (m) overlap 3.85 (m) overlap 3.85 (m) overlap 3.85 (m) overlap
H-4" - - - 3.38 overlap 3.38 overlap 3.38 overlap 3.38 overlap
H-3 - - - 3.16 (m) overlap 3.16 (m) 3.16 (m) overlap 3.16 (m) overlap
- - - 2.75 (m) overlap 2.75 (m) overlap 2.75 (m) overlap 2.75 (m) overlap
H-6" - - - 1.28 (d, 6.1) overlap 1.27 (d, 5.4) overlap 1.28 (d, 6.1) overlap 1.27 (d, 5.4) overlap
neoeriocitrin (29) H-2' = = = 6.92 () 6.92 () 6.92 (s) 6.91 (s)
H-5' - - - 6.78 (d, 1.5) 6.78 (d, 1.5) 6.78 (d, 1.5) 6.78 (d, 1.5)
H-6' - - - 6.78 (d, 1.5) 6.78 (d, 1.5) 6.78 (d, 1.5) 6.78 (d, 1.5)
H-8 = = - 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 2.3) overlap 6.17 (d, 1.5) overlap
H-6 - - - 6.14 (d, 1.5) overlap 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap 6.14 (d, 2.3) overlap
H-2 - = = 5.32 (m) 5.32 (m) 5.32 (m) 5.32 (m)
H-1" = - - 5.23 (dd, 5.4, 1.5) overlap 5.23 (dd, 5.4, 1.5) overlap 5.24 (dd, 3.8, 1.5) overlap 5.24 (m) overlap
HEqe - = - 5.10 (m) overlap 5.10 (m) overlap 5.10 (t, 7.6) overlap 5.10 (m) overlap
H-2 - - = overlap 3.93 (m) overlap 3.93 (m) overlap 3.93 (m) overlap
H-6" = - - 3.87 (m) overlap 3.87 (m) overlap 3.87 (m) overlap 3.87 (m) overlap
H-5" - - - overlap overlap overlap overlap
H-3 - - - 3.12 (m) overlap 3.12 (m) overlap 3.12 (m) 3.12 (m) overlap
- - - 2.75 (m) overlap 2.75 (m) overlap 2.75 (m) overlap 2.75 (m) overlap
H-6"" = = - 1.28 (d, 6.1) overlap 1.27 (d, 5.4) overlap 1.28 (d, 6.1) overlap 1.27 (d, 5.4) overlap
5,7-dihydroxychromone 7- H-2 - - - - - overlap -
O-neohesperidoside (30) H-8 _ - - - - 6.66 (d, 2.3) -
H-6 _ - - - - 6.47 (d, 2.3) -
H-1" _ - - - - 6.26 (d, 6.1) -
H-1' - - - - - overlap -
H-6" - - - - - 5.17 (d, 6.9) -
caffeic acid 4-O-B-p- H-1' - - - - - - -
glucoside (31) H-5 _ _ _ _ - _ _
H-2 - - - - - - :
H-6 - - - - - - :
H-2' = = = - - - -
protocatechuic acid (32) H-2 - - - - _ _ _
H-6 - - - - - - -
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Table S2-1 (Continued)

Compounds SH TwMO1 TwMO02 TwMO03 CnPO1 CnP02 CnP03 CnP04
p-coumaric acid 4-O-B-p- _ _ _ _ _ _ _ _
glucoside (33)
ferulic acid 4-O-B-b-glucoside _ _ _ _ _ _ _
(34)
kaempferol 3-O-a-L-rhamnoside H-2', 6' - - - 7.80 (d, 8.4) 7.80 (d, 9.2) 7.80 (d, 9.2) 7.80 (d, 9.2)
7-0-B-p-glucoside (35) H-3',5' - - - overlap overlap - overlap
H-8 - - - overlap overlap 6.75 (d, 2.3) overlap
H-6 - - - 6.50 (d, 1.5) 6.50 (d, 3.1) overlap overlap
cinnamtannin D-1 (36) - - - - - - - -
(-)-epicatechin 3-0-B-p- H-2' 7.04 (d, 2.3) 7.04 (d, 2.3) 7.05 (d, 1.5) - - - -
allopyranoside (37) H-6 6.81 (dd, 8.4, 2.3) 6.81 (dd, 8.4, 2.3) 6.81 (dd, 8.4, 2.3) - - - -
H-5' 6.69 (d, 7.6) 6.69 (d, 7.6) 6.69 (d, 7.6) - - - -
H-6 5.93(d, 2.3) 5.93(d, 2.3) 5.93(d, 2.3) - - - -
H-8 5.89 (d, 2.3) 5.89 (d, 2.3) 5.89 (d, 2.3) - - - -
H-2 5.08 (d, 2.3) overlap 5.08 (d, 2.3) overlap 5.08 (d, 2.3) overlap - - - -
H-1" 4.76 (d, 7.6) 4.76 (d, 8.4) 4.76 (d, 7.6) - - - -
H-3 4.45 (m) overlap overlap 4.46 (m) overlap - - - -
H-4 2.79 (m) 2.79 (dd, 16.8, 4.6) 2.79 (m) - - - -
2.70 (m) 2.72 (dd, 16.8, 6.1) 2.74 overlap - - - -
sucrose (26) H-1 5.38 (d, 3.8) 5.38 (d, 3.8) 5.38 (d, 3.8) 5.38 (d, 3.8) 5.38(d, 3.8) 5.38(d, 3.8) 5.38 (d, 3.8)
H-3' 4.09 (d, 8.4) 4.09 (d, 8.4) 4.09 (d, 8.4) 4.09 (d, 8.4) 4.09 (d, 8.4) 4.09 (d, 8.4) 4.09 (d, 8.4)
H-4' 4.02 overlap overlap 4.02 (m) overlap 4.01 (m) 4.01(t, 7.6) 4.01 (m) 4.01 (m)
H-5' 3.82 (m) overlap 3.82 (m) overlap 3.82 (m) overlap 3.82 (m) 3.82 (m) 3.82 (m) 3.82 (m)
H-5 3.76 (m) overlap 3.77 (m) overlap 3.77 (m) overlap 3.77 (m) 3.77 (m) 3.77 (m) 3.77 (m)
H-6' 3.72 (m) overlap 3.72 (m) 3.72 (m) 3.72 (m) 3.72 (m) 3.72 (m) 3.72 (m)
H-6 3.69 (d, 6.9) overlap 3.68 (d, 6.1) 3.69 (d, 5.4) 3.69 (d, 6.9) 3.70 (d, 6.9) 3.70 (d, 6.9) 3.69 (d, 5.4)
H-3 3.67 (m) overlap 3.67 (m) overlap 3.67 (m) overlap 3.67 (m) 3.66 (M) 3.67 (m) 3.67 (m)
H-1' 3.62 (dd, 21.4, 12.2) overlap 3.61 (dd, 20.6, 12.2) overlap 3.62 (dd, 21.6, 12.2) 3.62 (dd, 214, 12.2) 3.62 (dd, 214, 12.2) 3.62 (dd, 214, 12.2) 3.62 (dd, 21.4, 12.2)
H-2 342 (dd, 9.9.3.8) 342 (dd, 9.9, 3.8) 342 (dd, 9.9, 3.8) 342 (dd, 9.2, 3.8) 342 (dd, 9.9, 3.8) 342 (dd, 9.9, 3.8) 3.42 (dd, 9.9, 3.8)
H-4 3.35 (m) overlap 3.35 (m) overlap 3.35 (m) 3.35 (m) 3.35 (m) 3.35 (m) 3.35(m)
D-glucose (27) H-1(ax) 5.10 (d, 3.8) 5.10 (d, 3.8) 5.10 (d, 3.8) - - - -
H-1(B) 4.47 (d, 7.6) 4.47 (d, 7.6) 4.47 (d, 7.6) 4.47 (d, 7.6) 4.47 (d, 7.6) 447 (d, 7.6) 447 (d, 7.6)
6 3.84 (dd, 12.2, 1.5) 3.84 (m) overlap 3.84 (dd, 12.2, 1.5) overlap overlap overlap overlap overlap
3.78 (m) overlap 3.78 (m) overlap 3.78 (m) overlap overlap overlap overlap overlap
H-5 overlap 3.76 (m) overlap overlap overlap overlap overlap overlap
H-3 overlap overlap overlap overlap overlap overlap overlap
H-4(B) overlap overlap overlap - - - -
H-4(x) 3.27 (m) 3.27 (m) overlap overlap overlap overlap overlap
H-2 3.12 (m) 3.12 (m) 3.12 (m) overlap overlap overlap overlap

5-HMF (38)
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Table S2-2 Detected compounds of each sample in HPLC chromatograms

Compounds
Botanical origin Code No.
28 29 30 31 32 33
D. roosii Raw samples CnMO1 + + + + + +
CnM02 + + + + + +
CnMO5 + + + + + +
CnMO07 + + + + + +
CnM14 + + + + + +
CnM16 + + + + + +
CnM17 + + + + + +
CnM19 + + + + + +
CnM21 + + + + + +
CnM24 + + + + + +
JpM02 - - - - + -
JpM03 + + + + + +
JpMO4 + + + + + +
JpMO5 + + + + + +
JpMO6 + + + + + +
JpMO8 + + + + + +
JpMO09 + + + + + +
JpM10 + + + + + +
Pant specimens CnPO1 + + + + + +
CnP02 + + - + + +
CnP03 + + - + + +
CnP04 + + - + + +
z?—efr:ed samples CnMo4 + * + + + +
CnM06 + + + + + +
CnM10 + + + + + +
CnM11 + + + + + +
CnM12 + + + + + +
CnM22 + + + + + +
:g;f—efr:led samples CnM09 - - - + -
CnM13 - - - + -
CnM15 - - - + -
CnM18 - - - + -
XI IZ;t;i[:;tflv;or?;gr::sana Raw samples JpMo1 - - - - -
A. divaricata var. formosana Raw samples TwMO1 - - - - - -
TwMO02 - - - - - -
TwMO03 - - - - - -
JpM11 - - - - - _
JpM16 - - - - - _
Drynaria sp. Raw samples JpM17 + + - + + +
JpM18 + + - + + +
JpM19 + + - + + +
e e, Rawsanps o - - - .
Araiostegiella perdurans Raw samples CnM23 - - - - - -

+, the compound was detected in this extract; -, the compound was not detected in this extract.
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Table S2-3 Purity of reference compounds using gHNMR in Chapter 2

Compound No. Molecular mass Selected signal &u Purity (%)
28 580.54 7.31(d, /=84 Hz)* 92.36
29 480.46 6.91 (s)* 85.58
31 480.47 7.54 (d, J=16.0 Hz) 95.54
32 122.12 6.79 (d, J=7.6 Hz) 94.58
37 940.68 7.04 (d, J=2.3 Hz) 94.81

* the signals were used to quantify these compounds in extracts.
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Fig. S2-1 Representative HPLC chromatograms of Drynariae Rhizoma samples. (a) CnMO05 derived from D. roosii; (b) CnM10 derived from stir-fried rhizome of D. roosii (Type I); (c) CnM18 derived
from stir-fried rhizome of D. roosii (Type Il); (d) JoM19 derived from Drynaria sp.; (e) TwMO1 derived from A. divaricata var. formosana; and (f) CnM23 derived from Araiostegiella perdurans.
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Fig. S2-2 Contents of naringin (28) and neoeriocitrin (29) in Drynariae Rhizoma samples. Unmarked samples
derived from D. roosii; +, Samples derived from Drynaria sp. (a) Content of naringin (28) quantified by gHNMR
and HPLC; and (b) content of neoeriocitrin (29) quantified by gHNMR and HPLC. Vertical bars indicate standard
deviation (n=3).
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Fig. S4-34 "H NMR spectrum (500 MHz) of JpM10 in CD30D. a, "H NMR; b, gHNMR.
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Fig. S4-36 "H NMR spectrum (500 MHz) of JpM16 in CD30D. a, "H NMR; b, gHNMR.
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Fig. S4-37 "H NMR spectrum (500 MHz) of JpM17 in CD30OD. a, "H NMR; b, gHNMR.
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Fig. S4-39 'H NMR spectrum (500 MHz) of JpM19 in CD30D. a, "H NMR; b, gHNMR.
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Fig. S4-41 "H NMR spectrum (500 MHz) of CnP02 in CD30D. a, 'H NMR; b, gHNMR.
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Fig. S4-43 "H NMR spectrum (500 MHz) of CnP04 in CD3OD. a, 'H NMR; b, gHNMR.
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