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Summary

Title of Project

Isolation and Quantitative Analysis of Bioactive Components from Scrophulariae
Radix and Gardeniae Fructus

bioactive component, quantitative analysis, pattern recognition analysis, chemical

Key Words fingerprint, reference standard
Institute Dongguk University Project Leader | Dong-Ung Lee
Project Period 2007. 02. 28 ~ 2008. 11. 30

@ Objectives

1. Development of protocol for purifying useful components contained in herbal drugs

2. Large scale purification of standard compounds useful for standardization of oriental drugs

3. Investigation of un-identified compounds from Gardenia and Scrophularia

4. Development of simultaneous quantitative analysis of active components in Gardenia and Scrophularia
5. Fingerprint analysis/chemometrics of Gardenia and Scrophularia

@ Results

1. 1st Research Team
1) Six kinds of Scrophularia and 7 kinds of Gardenia collected from Korea or China were
2) Fractions of each main medicinal drug were prepared for isolation of the constituent
3) Isolation was performed using various chromatographic techniques (normal/reverse phase

4) 16 Components from Scrophularia and 20 constituents from Gardenia were isolated and

5) Isolation of six new components from Scrophularia

2. 2nd Research Team

1)

\]
=

test showed that the accuracy was 94-108% according to column, temp., and mobile phase change.
4) The optimal extraction condition was as follows: 1 g sample/200 ml 95% EtOH, 1 hr of reflux at 70TC.
5) The cultivated site of Gardenia was not discriminated by fingerprint analysis while that of Scrophularia

extracted with 70% ethanol and provided for bioassay and analysis

column, prep. HPLC, prep. TLC etc.) and structure identification was achieved by
instrumental analyses with "H-NMR, “C-NMR, EI-MS/ESI-MS/ FAB-MS, FT-IR, UV etc.

provided for bioassay and analysis

Optimal HPLC condition: Scrophularia (Eclipse SDB C-18, 1% HOAc in water and MeCN, gradient
elution, UV 296 nm). Gardenia (Zorbax XDB-C18, 1% HOAc in water and MeCN, gradient elution, UV
254 nm).

Selected standards: Gardenia (geniposidic acid, chlorogenic acid, geniposide, and genipin). Scrophularia
((E)-harpagoside, p-methocycinnamic acid, and p-methoxycinnamic acid methyl ester). Purity of every
standard is more than 90%. They are stable at rt for 60 days. Their range, linearity, LOD and LOQ
were 0.1710.00 ug/ml, 0.996770.9976, 0.32272.738, and 1.17277.124, respectively, for Scrophularia and
0.1750 ug/ml, 0.993970.9999, 0.50072.636, 2.19477.409, respectively, for Gardenia. The reproducibility,
were 0.78-2.7% (RSD for peak area) and 0.10-1.26% (RSD for retention time) and precision and
accuracy were 0.26%-6.3% [CV(%)] and 92.0%-108.6%, respectively, for Scrophularia. The
reproducibility, precision, accuracy of gardenia were 0.3-1.8% (RSD for peak area) and 0.5-1.1% (RSD
for retention time), 0.22%-572% [CV(%)], and 86.8%-105.3%, respectively, for Gardenia. Robustness

was differentiated into Korean one and Chinese one by PCA and HClustering analysis. The PCA result
of Scrophularia showed good correspondence with that of DNA analysis.

_3_



Opinion of Project Manager

1. Isolation and structure identification of the constituents
- Fractionation of the extracts and separation by chromatography
- Structure determination by instruemntal analyses

2. Identification of the herbal drugs
- Collection of herbs as a reference

3. Simultaneous quantification of the active compound

Scope - Quantitative analysis by HPLC-PDA/ELSD, LC-MS/MS, NMR, TLC
- Qualitative analysis by LC/MS fingerprints for origin distinction
- Chemometrics for origin distinction
4. Validation
- Valuation according to KFDA guide line
5. Provide of samples for assays and analyses
- Supply of extracts, fractions and pure compounds
1. A few new components could be isolated from plants used in this
.. ] study, because these plants, especially Gardenia, were well-known.
Limitation

2. Simultaneous analysis was limited owing to the different properties of

the index compounds

Direction For
Citation

No special attention would be needed for citation of the results.

Supervisory
Office

KFDA Human Exposure Assessment Division(8® 380~1825)
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HERYH $A4, s84 2dE& Fsto] 8% 34 e FE5= 7leeln 1 &4 WS¢
7b Ak, olek, A&, 874, Ak, Al AW aet so2 vgdsdel uet SA4 Eok=
Rt e 54T 24, 98, AFe] ALes BHsted AfAeE avbe] 4%

5
(chromatograph )& AF&3t=  diiledd wlwzd  zrdsk Fd)Ql FTIR (Fourier transform
infra-red), NIR(near infra-red), NMR (nuclear magnetic resonance)s 2] ®l°|E|E Chemometrics
71eE olgate] EAFoRA wWE AZF ol HZy]EA o] Jheek wEkA o] 7jEo ;AL A
s mde] sidolel & 4 9. E3$ Chemometrics 7|2 Al&3ta 4 ghst
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Fingerprint technique® %84

c ABAES TP WAES S FE we olEel AW, identity % A9} RE el

= ’
s E3ekAY EAS HrubsteE Aol Wl 23 HAE PHFHUL. HZ chromatographic
fingerprint technique2 AJoFe] #FAAYE s £ ¢ gu|d e WHoZA B2 A& #A4

o]
S T 9gEd, I o]f+E fingerprint techniqueo] A& AAZ EXo ZHzE & WA
ol A &9 ohAAS FHata, A& FAZA I = U= WHolr] wEY. 53] A
] $- B33k g ER o] Foyx EFER FAE o a5 Agg} 54 9
T34 synergic effectell 23t Ao wWol Aok F E3tE o] Q= T 7FA 9 F§HE o]

o A& tiEstrlel= od® Sl 7] wEol7 = 3

i)

%
oz §L 12
19 o rlo M2

o

o Fingerprint analysist® A ¢Fe] FAH7IE 9s Aoz A WHOONA =3t o, g5 9l

o FingerprintE® 3¥3}3}+= chromatographic method®4+ TLC, HPLC, X-ray, CE %5°] %o
[e)

= e ¥ oldE WHO (2000), EMA (2001) & W %E3le] FaellA s dEoofo 2 iE

WEZ FAAE EESEH/] A PUOE ol techniqued STH: Y .

oAM= HPLC7F 2 A3 rRugoem <leo] HAe wWyoew AAA 3
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Chromatographic fingerprint ol & identity, ¥, d# A ] chemometricsE ©] &3 AR 9
fingerprintE vl g oz A= 5 9l

o @3 LC-ESI-MS" &4 7hset 4
T %= LC-ESI-MS"+= 2 e}

g pAse o dE A8 T 9L,
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A2F FFATALAAL] AF AFAL WE L P

2.1 A+ N&

1. ALAF-3A

2.2

AR 2 Ao E BHARARE] B, FREAY B PRI

o

it
lo

o P
AL

o

o
o

41 o 2

BN

o

o

o

oo ol o,

o o

Bbofoh g e

offf oy
o

1o 1o

. A 24 F-3}A

c B BAS @ A AR, Ao 54
- @a/A A SR W A oAl Su (4 20 AR o4

o A B4 wWhel HE 9 yalidation

ok

o Fingerprint®] 2+
- HPLC chromatogramel] ¢]3} fingerprint standardization
o Chemometricsell &3t 44 3
- PCA Tl 93 944k ¥ 7}

olf

HE

Sg3w] e AAl, 7IE ddAFolA 2 AHRE v S E 5k n-hexane,
dichloromethane, ethyl acetate, n-butanol 52| 718 uwWE o]&3le] FA o we} =35 &l
AzvtEagtdE P

7 Ege diste] HA FYxAS TLC 55 ol&ste] AAsta o] x7d wet Ay, &
Fu)}, Sephadex, Diaion HP, XAD-II 52 o] &3} =

7] e ot EFEAR EEHA e AT

SR ECIEUEIE SR L
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setE e =44
w#d sgHEol tatels= PDA B ELSDE |83 A AFS st =8 44

-
o i

UV, FT-IR, EI- ¥ FAB-MS, NMR, 2-D NMR 59| 7]7]%4] :% o] &-3}o]
Y 5¢

o $HAE FAAS} vwste] FHHAL B8 38HH F4, CD/ORD, X e
43
cRE R RO ATFRTEY A, T/ AN ANRAPL o) ge] T2E 7Y
2. A2AF3A]
c BAAE RS 9 A A7, Aakel £7
- Aepy AT iz Aok 9 o 200] F olgHe] AAS B, WA, 3N F& B 3
: o 7

=715 =93 A4 =2 9
HA A A" =249 g
- A AAYE AR A FE280, So/gde] v, FEARE R V1 AAE] 218 &Y
- a‘ﬂzﬂo %*J, “—17&%71, HAA 1A 5 HAH 2AEAE I

- HPLC fingerprint 7-3: Akx|® A 8ol )3 D/B ++%. HPLC& softwareE =3} libray T3

- LC-MS/MS library T+%: 7]1Z libraryel #gdte] 4& 33E9 libraryE T3

- LC-MS/MS fingerprint DB2] T3

- Fingerprint®] 2FAd: LS-MS¢] MS conditione A A& F+2 Wo] o] &5 = negative modeZE 9
T2 3}H, positive mode®} vluste] #H el WS A8 Fragmentor voltageol whel 7 A&
peak®] Z w7t gt £ dornw HAo 2US HESY] 918k 50, 150, 250 V 5oz tha)
A &4, 712 A 0 g scan modeol| Al MS fingerprintE A8, 3 =& 7 Z o] 8317 9
3to] SIM mode® % fingerprintS 244,

- Fingerprint®] standardization: fingerprint analysis®] validation< relative retention time (the
ratio of peak rt of sample constituents to the reference standard)$} relative peak area (the
ratio of peak area of sample constituents to the reference standard)® 3} Reference substance
= 3= T 7P bAsta vE sekE s 2 £, 44 debE 4 1= major compound ®
sk B2 ZF A= dlshe] 59HE-S A AJEH relative rt 2 area’} RSD7F 3% ojuld Ex5
oF R AAd AAS AAske] § batche] A= FE= S/ME FHISH] JA] A2 RSD7F 3%

= 3h v E o 2 stability testE $18Fe] ZF Al E 24A17F $of] A E 4]k RSD7}

X 3k ooldyg A W Yol BEAAZ Eoats w o] AW Fad Ao

e Algel A& A7l FHE BAYE o] &ste] 10-20 /He T A= AHA

ar A

2 UElU}E common peakE ©] 2] E 9] fingerprint peak® 4.
|
]

_l

O

- LC fingerprintE ©] &%k A= (7] 9d) 8 A28 Aofe] L2 17314 fingerprintE ©] &-31
2 Al 8 principal componet analysis (PCA)E ©]-&3}o] 25 F PCE |83} score plotS 2t
Asle] A (719)S #E (RG Brereton, Chemometrics: Data analysis for the laboratory and
chemical plant, John Wiley & Sons, Chichester, 2003).
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A3 FEATNERA L HFT dAFAT A3

3.1 A 1A F A

g 9 AR FEE AxE 4 obAlel Ay BRE 0% LR FSdA 347 28 &
@ vhe, olasta oodg AEEel BH L ASANE ARE T

AAEEE S EE FFEAGA ABHR i @4k A4E 5% o4 HuF the, DNA 13

i Agstgon BA% 25N AL sk B9 g

AAstgEd EEEgAzE med 2 A

2. 8AAAEY &9, AA 2 7£

Z}% chromatography(£4 2 94 column, prep. HPLC, prep. TLC $)& o] &3l AES 24,
AA A S, e A5 T2E 3ty 95t 77124 ('H-NMR, “C-NMR, EI-/ESI-/FAB-MS,
FT-IR, UV 5)& AAstdon =8548 S48t £dA[1-171¢F iz Av stst4] 24 55 ©]
&ate] Aol A F 2070, AAakollA F 16709 AR EEletr Fx2E gRlE S,

o] 7}k&dl ditolA AlFAE 670 (aucubin, sinuatol, angoroside C, acteoside, B-sitosterol,
daucostero) & # o2 FEtal FX2E A}

>

SIgHE T EiR <] 2}
iridoid and its glycosides 5 8
steroid, triterpenoid 3
flavonoids - 3
carotenoid and its glycosides - 2
phenolics 1 3
cinnamic acid and its derivatives 8 -
7] } -
A 16 20
7 . dabel AR ekAje] 70% et g U AT
AlEHE 2EA] T A e | &%) A&
Scrophularia buergeriana Al 2Ae Z)
v s Sk | AR ke | 2006@4F | A8 | 404 PR AR
(713 A oF) 10g A&
Scrophularia buergeriana oA | A SbE | AEAE | 24 44.0
Scrophularia buergeriana oAb | A otE | dHAAE | =4 37.1
— . - — Ardebel 7t 3g Al
Scrophularia ningpoensis o - AN | &4 39.6 o
[e)
Scrophularia ningpoensis T | 3EA U o\ = 3| 38.6
Scrophularia ningpoensis T= | 3 AEAEH | &3 33.2
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Aol A oAl 0% olgeels S& R AT
ANaHE kA T A e | T&(%) | & =
RS R
Gardenia jasminoides(7] 2 ¢F) | &= +9A - Ay 185
7t 10g Al
Gar.denie? jgfsminojdes or . S | Ay 9% | 9ANF | ow 154
G. jasminoides var. grandiflora
Gardenig jé%sminoides or . S | A A | Aew | em 158
G. jasminoides var. grandiflora Ao 7+ 3g
Gardenia jasminoides T X743 A=A | AH 20.8 Az
[e)
G. jasminoides var. grandiflora == - AaiAg | A 174
Gardenia jasminoides T - S P R 15.0
G. jasminoides var. grandiflora | At - SAA | &4 13.2
ok EAe AR B ok MY AT B Aok Ale
P =] k 57
No A B o ke Al #F(mg) ‘
UV ELSD (mg) AFS & 2] ok
1 | E-harpagoside* 99.9 2,150 434 2,100
2 | harpagide 99 37 8.7 20
3 | 8-0O-E-p-methoxycinnamoylharpagide 99 25 8.1 10
4 | aucubin 99 25 9.1 5
5 | sinuatol 994 11 0 5
6 | cinnamic acid 96 230 61.4 150
7 | p—coumaric acid 98 350 2454 100
3 p—methoxycinnamic acid 99 3390 89 3300
methyl esters
9 | caffeic acid 96 260 39.3 210
10 | ferulic acid 98 355 33.7 310
11 | p~methoxycinnamic acid* 96 3,470 59.6 3,400
12 | buergeriside C; 81 6.7 0 3
13 | angoroside C 92.5 12 0 5
14 | acteoside 92.9 32 0 21
15 | B-sitosterol 92 15 5 5
16 | daucosterol 99(RI) 15 0 7
¥ A FAE
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3.2 A2A 7 A

. AR

7 AR AAE s

No A5 e & A& ZF(mg)
uv ELSD (mg) AR | Aok
1 | geniposidex 97 2,650 34.2 2,600
2 | geniposidic acid* 91 550 45.2 480
3 | gardenoside 97 52 5 25
4 | shanzhiside 99 31 5 17
5 | gardoside 92.3 17 0 5
6 | genipin gentiobioside 92.6 15 0 5
7 | 6B-hydroxygeniposide 99.9 11 0 0
8 | genipinx 99 5,500 2,450 3,000
9 | crocin 90 2,500 2,102 500
10 | crocetin 99 50 20 25
11 | rutin 98 600 475 100
12 | quercetin 85 450 50 300
13 | isoquercitrin 91 20 5.0 10
14 | ursolic acid 93 700 552 100
15 | stigmasterol 93 260 158.5 60
16 | B-sitosterol 92 20 5.0 10
17 | protocatechuic acid 98 250 100 100
18 | caffeic acid 83 260 100 100
19 | chlorogenic acids* 91 3,500 192 3,000
20 | picrocrocinic acid 99 15 5 5
w AR

o AgokgETel A ATWE R 65 el T 1UF L FIA 13 F F 0% AR
g Fusge



. 53 HPLC 4% &9 ¥ validation

o,
Eh
il
=
)
ol

AL Yebilen PDA &4 A3 254 nmollA AEske slo] A & e o
o

chlorogenic acid, geniposide ¥ genipin®] 4%

ETEEEIET ZanTR [TRT=)
2

3, geniposide

2, chlorogenic acid

1, geniposidic acid N 4, genipin

AN

i

2) A A} F 5352 validation

7}) Sample ¥ X Fq9] ZA
o Geniposidic acid, chlorogenic aicd, geniposide Z#]3 genipin 22} 1.0 mgS % &3]

HPLCE DMSO 1 mLeol|l =o]a o]A& stock solution® & WA A o7 3]435Fe] HA
7

[¢]

HEFE 8oz 3195, 729 289 10 uLE HPLCE #2438t Chromatogram®]
e Tt TR A wE HgAs At FEFANES AAEA S
° 2689 AAE HH FERAoR FEF F v5F FE=S A 200 mgo R HH3| S5}
=

ol t}$& 045 syringe filter® o] 33k o]l g HAog AL E
k PLC® wAste] dds Atsiols.

—
o
=
—
X
w
ol
(L
.
ol
2L
£
s

o Z} ¥FFEY X+ geniposidic acid’} 91.20+0.16%, chlorogenic acid’} 99.86+0.07%,
geniposide”} 97.52+0.13%, genipin®] 92.06+0.10%°] 3} <.

) EEEe] A

© BEF 4TS 19, 7Y 309, 60¢ Ao w Ao WARE A yehte g A A
A= 99-101% T2 609 ool e A 3 WFRAA = T ohFo] wstetA] &
o AE a7 e



2h) W19, AN, HEA 2 AFEA

o o] vl 7HA A xRl kel AFHAE AET
= %= 01 ug - 50 ugo 2 UEgtom WREs A A
T 1220992 F3 g AA4S YERSTE LODS LOQO W &2 2.6vfol A 43w =M S
e e

G
)
)

u}) Repeatability

o ZF Ao WA S Ui % H| &2} W55 A 7Hretention time)
of date] ANALS T3} }\% Aol i3 AAA RSDE 0.3-1.8%, WFE AlZtel tf3h
A RSD+ 05-1.1%We] ¢35 gto= YERR S,

HN
m-1n
"o
)
X
N
(0]
!
)
Hr
e
Y
zy

H}) Precision and Accuracy

o 7 AEAE BAG U Qul BN, ARYL s sl 344 wmol vste] shwo
39 W A9e sglon, A Y, AR 5] flskel 30 HEAAS HAS
Qul, Az AWHL 72 PRI WREFEAY 92 AR EEANE 4 RA NRPEE
29 voj2 MAMe FEgow i ve] WEL0)2A TS

o T A CV(%)E 022%-572%8E5 HASW Accuracy(%)= 86.8%-105.3%AFe] ol LhERLE
Fud AU JHYS HEiAS

A}) Robustness

o ol s &ul 2F Fol acetic acid7} 1964 H7FE o] AO B = acetic acid®] F%& Wste] W&
retention time?] W3S 9l 39S 1 A¥ MEZ tfE acetic acid®] FZo|A % retention
time 2ol A ok

o Column®¥, column =¥ 3o AN S vl A3 Accuracy’t 97%-108% = & zo|E &

o [e)
T7]' H}\UE = T Mx7a.

o HA 24 AAD B &9

o

o Soxhlet, ¥ ‘3—4 259525 g A3, geniposide®] 7§ SoxhletFZ°] 7V =2 F&
1 o]9le vrE X EEA = geniposidic acid, chlorogenic acid, genipin®]

A 9] —%%1‘42] kS, wElA geniposidets A FEAAEC R & H9 = Soxhlet F&2,
3 S A AFs7] A E BFFFF (refulux)o] 7 T2 WA o=

)
N
=
=
{1147
L
=2
1o
ot
e

A7 2 HE

o 1% A5 oot F2H AR T ARAR FLL AN AW AR 22 AR 1
g 200 ml®] 95% ethanole o]&3ke] 141k ek 10T A FZa Aol 4 Aoz Aw
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2}. Fingerprint analysiso] 9] % Pattern 4 ¥ 9 &Y

1) XA A FAF2] TLC pattern +4]

o AR ATAE D FE B TLC 24 JESFAOL 4 TLCAAE dF=e) 27t A
o ol egke.
° AR

W S 3% AR 2 AR FEE i HA4 TLC 2712 RP-TLCE AFEstSl<=
b Ekow o] e TLC chromatogram® &7 A4 ACN : MeOH : H.O : Formic acid
= 15:20:64:1. A= Chlorogenic acid, B= Geniposide, C= Geniposidic acid, S= Xz} F&E&.
Merck RP-18 precoated TLC plate. Visualization: UV254 nm & 10% Sulfuric acid®} Z&-.
° A7 AA TLC =71& ol&dted Z+ A9 Ao TLC patterng Wlaldte] ®grort TLC
pattern & 2= A zte] Zpol & AA 8] o 5

2) Chemometricsol 23k Y4Ak#] AW ZHE

7} Peak standardization

o Aokt Rl o R HE e 659 g Aol UrE}LH HPLCel A ©] Z} peakE9] HE 7+ o=
Fe 2 AFAAN d4E BEFS 2T F 10719 peak areas FAIZZ I WS E A}
&3t A 5. Tk o] peak 10715 AF&3te] H-cluster 2 T4 &40 PCAE &3l #HdS Ui
b S

1}) H-cluster (:*F&#4)

o S ¥ AFA T E H-clusters &3] £4s 23 4 719 #7& Us & A= o A5 AdA
Ao A= BolHoz e IOF ASFS S & F Aoy T4k Ak AAE g

dehbA ekt

° PAC 45 33 23 H-clustere} ¥zt i8S YeER =], AEA9e] A= 5o]4
21 = b Fakakyl kel AA= 895 YA &
3 DNA 708 A 39 PCA 2 H-clustering®] 23E 42 4 9

32 lo

AR F AR G

o 26719 AAA = T AxAdEY T HiF2 geniposided WA Hr 0.106+0.046 mg/g,
chlorogenic acid+= 2.201+1.269, geniposide™= 10.956+2.020, genipin< 0.133t0.144°] 13-

i

- wEA Al B @b 2 AR il AAME0-20% olel dFee THe 2
Row MAHE 7
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2.

il

7}.

o

o

Al
o

ARe) 4 54

Aktiigo| A AlFure 2t 658 X3t A 145 2 T4 12 F, F 2659 AR
2 gr3t9e.

7} Aglient Eclipse XCB-C18 (46 x 150 mm, 35 uym) ZHS
B3 o EYUEZS o)lFAor ALg3 F9T M £ B

e Hir¥l =
™ PDA £4 A3 296 nmellA H&sk= Aol At F e ofe] AL

(«)
(@]

(o)
o
0¥
o
B>
)
o
1o,
ox
M
o
| =
4|
o
SO

] -
rAdEeR dAstaxa ddew, oy xS WHA7|E IFEZ (E)-Harpagoside,
(E)-p-Methoxycinnamic acid ¥ (E)-p-Methoxycinnamic acid methyl esteriﬂ 3FS A
S 33 trans U2 ATEL (E)-p-Methoxycinnamic acid® A$E F /19 =22 yEeErY
=d oA BEF & ol cis FEE 57 HdEEY] wE] AoR —ir =
g o=

g o2 cis® trans®] S (E)-p-Methoxycinnamic acid®] g% 3L

le

1 1. (E)-Harpagoside
2. (E)-p-Methoxycinnamic acid

> 3. (E)-p-Methoxycinnamic

acid methyl ester

Peak No. 2 [(E)-p-Methoxycinnamic acid] might rapidly inter-convert into cis and trans forms, therefore the

sum of two peas were considered as (E)-p-Methoxycinnamic acid content.

2) %

e

A EEF 9 validation

7}) Sample 2 F=d o] x4

(E)-Harpagoside, (E)-p-Methoxycinnamic acid % (E)-p-Methoxycinnamic acid methyl ester
247y 1.0 mgs A s 33t HPLCE DMSO 1 mLel =o]a o] A stock solutionoZ ©
Adem 45 A4e wEol AEs EEsdom AL Az mEsd 10 uLE
HPLCZ ®21&o] Chromatogramo] A ¢ peakd WAHS +38t1 Hx¢ ]

N A ste] SarAAS AR5 S

o 269 S HA FExUOE —ir%} L 53 FEES 47 200 mglo® A& =)
o] HPLC& DMSO €9 1 mlZ %9 t2 045 syringe filter® o33k oJ A& Ao g Alg
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Y = o o) WW g m.w %ﬂ = ol .m Mo M &rﬁ NONDORT s g = .I.w ) N )
5 . e - %xl,@wﬂ .mJ%H%ﬂW mﬂuﬁmc& £ o
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o Aite] HAH FEFAS FYHEY] 98te] Soxhlet, reflux @ 253 5 37HA FEHOR FF 3

3 (p—~methoxycinnaminc methyl ester)®] 4% 2 Aol7l oy A FAHE
[(E)-harpagosidel, 2 ((E)-p-methocycinnamic acid)®] 7d-%- soxhlet 5% % ©| sonication 5%
t 158 7hte] =2 &S e As e s, WEkA Soxhlet FEWo] 7HE A Ao

Basgon FAgelt gule] By 5 nestel #RFES A9sAS

2) AnmjAe] 9% HA FE2 HE

Aiel H4 FE8vleh A7 golsh 84 Fe B9l AWNARE ol Gate] e B9
¥ A3}, @4 3 g2 50 mlg] 95% cthanole ol g3l 1AZF Fob FEekE Aol HH oz

1) A4 A EAHE TLC pattern +4]

o
R=)
O
oo
2
BN
Y
fo ®
=
D
(@
Z
=
D
@)
o
e
®)
S|
S
3.
o
Q
Q.
o,
Il
=~
(2
Do
()
&S
Q1
—
=

7}) Peak standardization
o eI HEl A A|F3 dA 6F9 HAS V|FE TS T EFE peak 39 A9 peak THHE

§3 1079 peak® sl 71E FALZIR AR AN S,

N
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(Table 1. Average contents standard compounds in S. Radix.)

Contents (mg/g)

(E)-Harpagoside (E)-p~Methoxycinnamic p-Methoxycinnamic acid

acid methyl ester
Korea 3.349 + 1.947 1.482 + 0.851 0.038 + 0.014
China 1.254 + 0.900 0.482 +0.245
Average 2.302 + 1.481 0.982 + 0.706 -
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Abstract - The fruits of Gardenia jasminoides Ellis have been previously reported to possess anti-inflammatory
activity. In this study, the constituents including geniposide, geniposidic acid, genipin and crocin were evaluated
for their effects on prostaglandin and NO production in an attempt to establish anti-inflammatory cellular mech-
anisms. Among the constituents tested, only genipin significantly inhibited cyclooxygenase-2-mediated PGE,
and inducible nitric oxide synthase-mediated NO production from lipopolysaccharide-treated RAW 264.7 cells at 10
-100 tM. Genipin also inhibited nuclear transcription factor-xB activation. Moreover, genipin showed in vivo anti-
inflammatory activity on A-camageenan-induced paw edema in mice (10.4-29.9% inhibition at 20-100 mg/kg, i.p.). All
of these results suggest that genipin may contribute to anti-inflammatory activity of the fruits of G jasminoides
and an inhibitory action on prostaglandin and NO production is, at least, the part of anti-inflammatory mecha-

nism of genipin.

Keywords: Gardenia jasminoides Ellis, genipin, cyclooxygenase, nitric oxide synthase, anti-inflammation

INTRODUCTION

Among various proinflammatory chemical mediators,
prostaglandins (PG) synthesized from arachidonic acid
(AA) play an important role in many inflammatory disor-
ders. Cyclooxygenases (COX) are the enzymes respon-
sible for synthesizing PGs. Especially, COX-2 (an inducible
isoform of COX) produces high amounts of PGs in
inflammatory lesions. In addition, nitric oxide (NO) syn-
thesized from arginine by nitric oxide synthase (NOS) is
also involved in some inflammatory disorders. In particu-
lar, inducible NOS (iNOS) produces massive amount of
NO in certain cell types including macrophages (Gallin
and Snyderman, 1999). Thus, it is worthy to evaluate the
effects of potential anti-inflammatory agents on prostag-
landin and NO production.

In Chinese medicine, the fruits of Gardenia jasmi-
noides Ellis (Rubiaceae) have been used on inflamma-
tory conditions, jaundice, diarrhea, efc (Bae, 2000). Previously,
the alcoholic extract of Gardenia fruits and geniposide

showed favorable effects on soft tissue injury (Yao ef al.,
1991). Hydrophobic pigment in Gardenia inhibited IgE
production from rat spleen lymphocytes (Kuramoto et al.,
1996). In addition, the fruits of Gardenia protected from
pancreatitis by reducing blood circulation in rats (Jia et
al., 1993). Recently, genipin was found to inhibit iINOS
expression leading to reduced production of NO by inhib-
iting nuclear transcription factor-kB (NF-xB) pathway
(Koo et al., 2004), and it was also reported that genipin
and geniposide including the alcoholic extract showed in
vivo anti-inflammatory activity on several animal models
of acute inflammation (Koo et al., 2006). Although these
previous reports may explain some anti-inflammatory
property of the fruits of G jasminoides, anti-inflammatory
active constituents from the same plant material have not
been fully understood. Therefore, in the present study,
anti-inflammatory activity of geniposide, geniposidic acid,
genipin and crocin successfully isolated from the fruits of
G jasminoides was investigated using in vifro and in vivo
models to define anti-inflammatory activity further.

_32_



Gardenia jasminoides on PG and NO Metabolism i<}

MATERIALS AND METHODS

Chemicals

N-[2-cyclohexyloxy-4-nitrophenyljmethane  sulfonamide
(NS-398) was obtained from Biomol (Plymouth Meeting,
PA). 2-Amino-5,6-dihydro-6-methyl-4H-1,3-thiazine hydro-
chloride (AMT) was purchased from Tocris Cookson Ltd.
(UK). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and LPS (Escherichia coli 0127:B8) were
purchased from Sigma Chem. (St. Louis, MO). Lipofe-
cAMINE PLUS, DMEM and other cell culture reagents
including FBS were products of Gibco BRL (Grand Island,
NY). Protein assay kit was purchased from Bio-Rad Lab.
(Hercules, CA). Geniposide, geniposidic acid, genipin and
crocin (Fig. 1) were isolated from the butanol fraction of
the fruits of G jasminoides and their chemical structures
were identified according to the previously described (Lee
et al,, 2005; Kim et al., 2006). Test compounds dissolved
in DMSO were diluted with serum-free DMEM into appro-
priate concentrations. Final concentration of DMSO in the
culture medium was adjusted to 0.1% (v/v).

RAW 264.7 cell culture and measurement of NO and
PGE, concentrations

RAW 264.7 cells obtained from American Type Cul-
ture Collection (ATCC, Rockville, MD) were cultured in
DMEM supplemented with 10% FBS and 1% antibiotics
under 5% CO, at 37°C based on the previously
described procedures (Chi et al., 2001). Briefly, cells were
plated in 96-well plates (2x10° cells/well). After pre-incu-
bation for 2 h, the test compounds and LPS (1 pg/ml)

O0H

H
CHOH "
HOH
H o
H
gemiposide geniposidic acid

OH

genipin crocin

Fig. 1. The chemical structures of the constituents studied.

were added and incubated for 24 h. From the media, NO
and PGE, concentrations were measured. For determi-
nation of NO concentration, the stable conversion prod-
uct of NO, nitrite (NO,), was measured using Griess
reagent and optical density was checked at 550 nm.
PGE, concentration in the medium was measured using
ELISA kit for PGE, (Cayman Chem. Co.) according to the
manufacturer's recommendation. Cell viability was assessed
with MTT assay as described previously (Mossman, 1983).

Western blot analysis of iNOS

For measuring the protein level of INOS, Westem blot-
ting technique was used (Chi et al, 2001). RAW cells
were cultured in 6-well plates (5x108 cells/well) in the
presence or absence of LPS (1 pg/ml) with/without geni-
pin for 16-20 h. After preparing cell homogenate, the
supernatant was obtained by centrifugation at 15,000 g
for 30 min. Using Tris-glycine gel (8%), electrophoresis
was carried out and bands were blotted to PVDF mem-
branes. iINOS antibody (N32030, Transduction Lab.) was
incubated and bands were visualized with HRP-linked
secondary antibody (Cell signaling, Denver, MA) and
chemiluminescent reagent (Amersham, UK).

Electrophoretic mobility shift assay (EMSA)

RAW cells were treated with/without LPS and genipin
for 3 h. To prepare nuclear fractions, the cells were
washed with PBS, harvested and resuspended in 400 pl
of buffer A (10 mM HEPES, 10 mM KCI, 0.1 mM EDTA,
1mM DTT, 0.5 mM PMSF, pH 7.9) for 15 min on ice. After
10% NP-40 (25 pl) was added, the tubes were vortexed
vigorously for 10 sec. The nuclei were collected by cen-
trifugation at 5,000 rpm for 3 min and the supernatant
was saved as the cytosolic fraction. The nuclei were
lysed in buffer B (20 mM HEPES, 0.4 M NaCl, 1 mM
EDTA, 1 mM DTT, 1 mM PMSF, pH 7.9). NF-xB consen-
sus oligonuclectide (Promega) was phosphorylated by T4
polynucleotide kinase (10 units) with 10 uCi of [y-*2P] ATP
(3,000 Ci/mmol) at 37°C for 10 min. Unincorporated oli-
gonucleotides were removed by Microspin G-25 column
(Amersham, UK). Nuclear extract containing 5 pg protein
was incubated with 32P-labeled NF-kB consensus oligo-
nucleotide in gel shift binding buffer at room temperature
for 20 min. The incubation mixture was subjected fo elec-
trophoresis on a 4% polyacrylamide gel in TBE buffer
(0.5X) at 350V. The gel was dried and exposed to X-ray
film overnight at -70°C.

A-Carrageenan (CGN)-induced paw edema in mice
In order to examine in vivo anti-inflammatory activity,
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mouse CGN-induced paw edema assay was used
according to the slightly modified procedures of Lichtman
et al. (2004) based on the original methods of Winter et
al. (1962). Specific-pathogen free male ICR mice were
purchased from Orient-Bio (Seoul, Korea) and acclima-
tized in animal facility with standard lab. chow and water
ad libitum at least for 7 days prior to experiment. Test
compounds dissolved in DMSO were administered intra-
peritoneally to mice (0.05 ml/mouse). One hour later, 1%
CGN (w/v) dissolved in pyrogen-free sterile saline solu-
tion (0.05 ml/paw) was injected to right hind paw. Five
hours later, paw volume was measured using plethys-
mometer (Ugo Basil, ltaly). The paw volume increased
from the initial non-treated paw volume was regarded as
edema.

Statistical analysis

Experimental values were represented as arithmetic
mean+SD. Unpaired Student’s t-test was used to deter-
mine the statistical significance.

RESULTS AND DISCUSSION

It is well known that RAW 264.7 cells, a mouse mac-
rophage-like cell line, induce COX-2/iNOS which pro-
duce high amounts of PGs and NO by LPS treatment
(Chi et al., 2001). When LPS (1 pg/ml) was added and
the cells were incubated for 24 h, PGE, and NO produc-
tion from the culture media increased to 89.3+4.4 nM and
38.1+0.2 uM from the basal levels of 2.4+0.0 nM and 0.6
+0.0 pM, respectively (n = 3). When the compounds were
simultaneously added with LPS and the inhibitory activi-
ties were examined, only genipin significantly inhibited
COX-2-mediated PGE, and INOS-mediated NO produc-
tion from LPS-treated RAW 264.7 cells at 10-100 uM
(Fig. 2). Especially, genipin strongly inhibited NO produc-
tion (ICs, for PGE, production=58.0 uM), being less active
on PGE, production. Genipin showed 40.7% inhibition
against PGE, production at 100 uM, while other com-
pounds tested did not show a significant inhibition at the
concentrations up to 100 uM. Under the same experimen-
tal conditions, the reference compounds, NS-398 (selec-
tive COX-2 inhibitor) and AMT (iNOS inhibitor) showed
99.4% and 95.6% inhibition at 0.1 and 1.0 uM, respec-
tively, against COX-2- and iNOS-mediated PGE, and NO
production as expected (Fig. 2). At the concentrations
examined, all of the test compounds did not show cyto-
toxic effects on RAW cells revealed by MTT assay (data
not shown). The control experiment without LPS treat-
ment revealed that geniposide, geniposidic acid, genipin
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Fig. 2. Effect of the constituents from G jasminoides on COX-
2-mediated PGE, and iNOS-mediated NO production from
LPS-treated RAW 264.7 cells. (a) Effect on COX-2-mediated
PGE, production. (b) Effect on iINOS-mediated NO produc-
tion. Data points and bars represent arithmetic mean+SD (n
=3). *: P<0.05, **: P<0.01, Significantly different from the LPS-
treated control group.

genmipin crocin

and crocin did not significantly affect PGE, and NO con-
centration in RAW 264.7 cells at 100 uM (data not
shown).

In order to elucidate the cellular mechanism of NO inhi-
bition, INOS expression level was examined using West-
em blotting analysis. But genipin did not down-regulate
iINOS (Fig. 3a). On the other hand, genipin was demon-
strated to inhibit NF-xB activation revealed by EMSA
(Fig. 3b). It was previously reported that genipin inhibited
iNOS expression from macrophages at 300 uM (Koo et
al., 2004). In the present investigation, the maximum con-
centration examined was 100 pM, since the concentra-
tions higher than 100 uM are not likely attained in the
body by oral genipin ingestion. Thus, INOS down-regulat-
ing capacity of genipin could not be observed in the
present study. Our results clearly demonstrated that geni-
pin inhibited NF-kB activation, without iNOS down-regula-
tion at 100 uM. The precise reason for this inconsistency
is not known at present, but it is speculated that the sen-
sitivity of EMSA using radioactivity is higher than that of
Western blotting analysis using antigen-antibody reac-
tion. Therefore, it is suggested that genipin may inhibit
NO production at least in part by iINOS down-regulation
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Fig. 3. Westem blotting analysis and EMSA. (a) iINOS expres-
sion (Westem blot), (b) EMSA of NF-xB. Note: Genipin clearly
inhibited NF-xB activation, while no effect was observed on
iNOS expression at 100 M.

via NF-kB inhibition.

In addition, genipin inhibited CGN-induced paw edema
in mice by intraperitoneal injection. As shown in Fig. 4,
genipin showed 10.4% and 29.9% inhibition of paw edema
at 20 and 100 mg/kg, respectively. Some of anti-inflam-
matory activities of genipin were previously described
(Koo et al., 2004 and 2006) and NO inhibitory action was
repeatedly found in this study. But, the finding of COX-2
inhibitory activity of genipin is new and is important since
prostanoids play a critical role in some inflammatory dis-
orders. It is significant to note that genipin derivatives
such as geniposide and geniposidic acid did not show
anti-inflammatory activity in vitro probably due to inacces-
sibility to cell inside. The similar results were previously
demonstrated that some flavonoid glycosides did not
inhibit iINOS-mediated NO production from RAW cells in
contrast to the inhibitory action of the respective fla-
vonoid aglycones (Kim et al., 1999).

In conclusion, the present investigation has shown that

M
0.2 f
—_— *
g
g
s 0.1F
2
5
[+
0.0 >
10 4 20 100 mgkg
P Genipin

Fig. 4. In vivo anti-inflammatory activity of genipin (CGN-
induced mouse paw edema). All compounds were intraperito-
neally administered 1 h prior to CGN injection. P (predniso-
lone). Data points and bars represent arithmetic mean+SD (n
=5). *: P<0.05, Significantly different from the CGN-treated
control group.

genipin has anti-inflammatory activity in vitro and in vivo
among the constituents tested. Genipin inhibited COX-2-
mediated PGE, production and iNOS-mediated NO pro-
duction. Genipin may reduce prostaglandin and NO con-
centration in inflammatory lesions, leading to anti-
inflammatory effect. It is suggested that genipin, among
the constituents, may contribute to anti-inflammatory
activity of the fruits of G jasminoides.
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1. A gHekA

7F. A =}

A AFHET): XA (Gardenia jasminoides Ellis, Rubiaceae)®] < (Fig. 1)

ko E: AN Bk, i, B, R, IR, P W, 1B, AR, vk, S, iR, R, 2
i, 8, MR s £

FAekg: kR & g3} hypolipidemic effect, H A X RHE g3 IIZ52E, dabst=g WA A g3}
o] Wil

354 & genipin, geniposide, gentiobioside, crocin, gardenin, rutin, crocetin, chlorogenic acid,

a

o[n

quinic acid, stigmasterol, pectin, choline, gardenoside, d-mannitol, nonacosane, [B-sitosterol,

shanzhiside, genipin—1-B-d-gentiobioside, scandoside methyl ester, ursolic acid &
AE 3 1701749 XA #H F&o] STN data baseo] FE5 o] glow o Fo|A AR H#HF
T3 1787, &4 #HE " =1 2007 [1-17]

A )(Scrophu]ana buergeriana): A4/ZNAN/EA 4/ A A4 e (Fig. 2)
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\\}

o A aucubin, harpagide, O-methyl-catalpol, harpagoside, scrophuloside B4, acteoside,
8-(0O-methyl-p-coumaroyl)-harpagide,3- O-acetyl-2-O-p-methoxy-cinnamoyl-a(B)-L-rhamno-
pyranose, oleanonic acid, ursolonic acid, cinnamic acid, 3-hydroxy-4-methoxybenzoic acid &

« A8 STN data base HAZA3} d4ta e E3e 25 3370 (HF& 2000 o] % Hi1)

Fig. 2 The whole plant (left) and its fruit (right) of Scrophularia buergeriana
— 39 —_
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Scrophulariae Radix/Gardeniae Fructus
extracted with MeOH

I MeOH extract I

suspended in D.W
partitioned with CH,Cl,

CHJCI, extract H,O layer
EtOAc extract H,O layer
BuOH extract H,O layer

(Scheme 1. Extraction and fractionation of Scrophulariae Radix and Gardeniae Fructus)

37

9 29, 44 2 7=

i

N
m (

7} chromatography (54 2 94} column, prep. HPLC, prep. TLC 5)& o] &3le] AR S Hi,

AA GG, Fest AR Fx2 sty 95t 7]71 %A (*H-NMR, “C-NMR, EI-/ESI-/FAB-MS,
FT-IR, UV 5)& AAsldoen 5SS SHse] EAX[1-1719 s A 3tstd =4 55 o

{

G3te] X =pA A F 2070, Akl A F 16709 RS wEsta FRE s
o] 7F&d ditolA AlFAE 67] (aucubin, sinuatol, angoroside C, acteoside, B-sitosterol,
daucostero) & Ao ® HEstn 7+F2E FAHINE S

_40_



N

3 E F5

iridoid and its glycosides

steroid, triterpenoid

flavonoids

carotenoid and its glycosides

phenolics

—_

cinnamic acid and its derivatives

o

7] B}

A

7h @Akl A oAl 9] T0% e

AlEHE TE&(%) Al & =
Scrophularia buergeriana 2 ori 4 Y Atddra B4y 74
(7] 228 o) 10g A&
Scrophularia buergeriana Ea AE AdF =l 44.0
Scrophularia buergeriana = & Sk =] 37.1

A].OJ rd-oﬂ 7+ 3 xﬂ
Scrophularia ningpoensis = 9 39.6 o h s
[e}
Scrophularia ningpoensis = 354 =il 38.6
Scrophularia ningpoensis = sk &4 33.2
L A 2] AR oFA] ] 70% ol B
AlaWs e | & (%) A 5
3 A 24 e 7)
Gardenia jasminoides (71348 °F) A% | 185 -
10g A&
G j inoid
j'asmz'nm' es or | o 154
G. jasminoides var. grandiflora
G. jasminoides or B
. .. . =] 15.8
G. jasminoides var. grandiflora
G. jasminoides A8 | 208 | xpdge)] 7+ 3g AlE
G. jasminoides var. grandiflora B! 174
G. jasminoides A3 15.0
G. jasminoides var. grandiflora =] 13.2




_42_

gAY AR R SR S ATE L Aoy AT

No prpeg. o= o Al & F(mg)
UV | ELSD | (mg) | ARt | 212k
1 | E-harpagoside* 99.9 2,150 43.4 2,100
2 | harpagide 99 37 8.7 20
3 | 8-0O-E-p-methoxycinnamoylharpagide 99 25 8.1 10
4 | aucubin 9 25 9.1 5
5 | sinuatol 99.4 11 0 5
6 | cinnamic acid 96 230 61.4 150
7 | p—coumaric acid 98 350 245.4 100
3 p-methoxycinnamic acid 99 3320 39 3300
methyl esterx

9 | caffeic acid 96 260 39.3 210
10 | ferulic acid 98 355 33.7 310
11 | p~methoxycinnamic acid* 96 3,470 59.6 3,400
12 | buergeriside C; 81 6.7 0 3
13 | angoroside C 92.5 12 0 5
14 | acteoside 92.9 32 0 21
15 | B-sitosterol 92 15 5 5
16 | daucosterol 99(RI) 15 0 7
SEEE




eh AAbe] 4B Rl v, AT AT L 4R ATY
No prpeg. TE el A& " (mg)
UV | ELSD | (mg) | AFiet | 2ok
1 | geniposide 97 2,650 34.2 2,600
2 | geniposidic acid* 91 550 45.2 480
3 | gardenoside 97 52 5 25
4 | shanzhiside 99 31 5 17
5 | gardoside 92.3 17 0 5
6 | genipin gentiobioside 92.6 15 0 5
7 | 6B-hydroxygeniposide 99.9 11 0 0
8 | genipinx 9 5,500 2,450 3,000
9 | crocin 90 2,500 2,102 500
10 | crocetin 99 50 20 25
11 | rutin 98 600 475 100
12 | quercetin 85 450 50 300
13 | isoquercitrin 91 20 5.0 10
14 | ursolic acid 93 700 552 100
15 | stigmasterol 93 260 158.5 60
16 | B-sitosterol 92 20 5.0 10
17 | protocatechuic acid 98 250 100 100
18 | caffeic acid 83 260 100 100
19 | chlorogenic acid* 91 3,500 192 3,000
20 | picrocrocinic acid 99 15 5 5
w AR
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Scrophularia buergeriana — CH,Cl, Fr.

Sicolumn
(HMC:M=10:10:1— MC:E:M=30:10:7)

Fi FP  F3 F4  F5

. i column | daucosterol |
B-sitosterol

(H:E=10t1—>EtOAC only)

F3-1 F3-2 F3— F3 4  F3-5

| Sephadex(MeOH) RP-18(70% MeQOH)
p—methoxycinnamic caffeic
acid methyl ester acid

cinnamic (E} p—methoxy| | p—coumaric ferulic
acid cmnamlc acid acid acid

Scrophularia buergeriana — EtOAc Fr.

RP18 (50% MeOH = MeOH only)

F2 F4 F5 F6 F7
Sephadex(MeOH) Sephadex(MeOH) |
T T 1(emen]
F4-1 F4-2  F4-3 F5-1  F5-2 F5-3

F4—2—28—0—(Z)—p—methoxy%—o—(E)—D—methoxﬂ F5-2-3
c

| cinnamoylharmagide |cinnamoylharpagide |

(E)-hamagoside aucubin

(Scheme 2. Isolation of the components from methylene chloride fraction (above) and ethyl

ethylacetate fraction (below) of Scrophularia buergeriana)
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Gardenia jasminoides — BuOH Fr.

Sephadex(70% MeOH)
[ [ [ [ [ [ |
Fl F2 F3 F4 F5 F6 F7  F8

Sicolumn(EtOAc:MeOH:H,0=

crocin 100:10:7/100:13.5:10/100:20: 16
1ttt 11 1 [ [ \
F3a F3f F3g F3h F3i F3i F3k F3l F3m F3n
Si column _ RP-18
|  (MC:MeOH:H,0=60:10:1/40:10:1) (ZOE}oPMeABH) . \(ZO%M?QH’
geniposide L . | gardoside shanzhiside
| | | geniposidic acid Si column
F3i-1 F3i-2 F&F-3 F3i-4 (MC:MeOHH,0=
60:10:1/40:10:1)
| T T T T 1
5B-hydroxy gardenoside F3"IRP 1;3"3 F3"5RPF31';36
genlpOSIde (20% MepFI)l . (5% MeOH_) X
genipin— picrocrocinic
gentiobioside acid
Gardenia jasminoides — EtOAc Fr.
Sephadex LH-20(MeOH)
I I I I I I I I
F1 F2 F3 F4 F5 F6 F7 F9
Sephadex LiChroprep CgHg ~EtOAC
(MeOH) (MeOH+H,0) gradient
I I I I I I I B—SitOStel'OI
) stigmasterol
F4a F4e F4i F6a F6b F6c Fed ursolic acid
LiChroprep Sepahdex | Si column
| | (EtOH) RP-18(40% MeOH)
I . i rutin
genipin chlorogenic F4i4
acid Sicolumn
(MC+MeOH+H,0)

[ | quercetin isoquercitrin
caffeic acid 3,4—-diOH-benzoic acid

(Scheme 3. Isolation of the components from butanol fraction (above) and ethylacetate fraction

(below) of Gardenia jasminoides)
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oIridoids 3} &

*Geniposide

mp 159-161 °C; UV Amax (MeOH) 200, 237 nm; 'H-NMR (500 MHz, CD;OD) &: 2.12-2.14 (1H, br dddd,
H-6a), 2.73-2.76 (1H, br dd, H9), 2.81-2.86 (1H, br dd, H-6b), 3.32 (1H, br s, H-5), 3.73 (3H, s, OMe),
420 (1H, d, J=15.0 Hz, H-10b), 4.33 (I1H, d, J=15.0 Hz, H-10a), 482 (1H, s, H-1), 5.81 (1H, s, H7), 7.52
(1H, s, H3), 472 (1H, d, J=8.0 Hz, glc 1), 3.183.89 (6H, m, glc 2-6); "C-NMR (125 MHz, CD;OD) & :
97.1 (C-1), 152.2 (C-3), 111.4 (C-4), 354 (C-5), 38.5 (C-6), 127.2 (C-7), 143.6 (C-8), 45.9 (C9), 60.3 (C-10),
168.4 (C=0), 50.5 (OMe), 99.2 (C-1'), 73.7 (C-2'), 76.7 (C-3'), 70.4 (C-4"), 77.2 (C-5"), 61.5 (C-6'); Positive
ESIMS m/z 411 [M + Na]

*Geniposidic acid

mp 56-57°C; UV Amax (MeOH) 201, 235 nm; 'H-NMR (500MHz, D;O) & : 2.08-2.12 (1H, br dddd, H-6a),
2.72-2.77 (1H, br dd, H9), 2.80-2.83 (1H, br dd, H-6b), 3.12-3.17 (1H, m, H-5), 4.18 (1H, d, J=15.0 Hz,
H-10b), 4.24 (1H, d, J=15.0 Hz, H-10a), 5.24 (1H, d, J=6.5 Hz, H-1), 5.80 (1H, s, H-7), 7.54 (1H, s, H-3),
474 (1H, d, J=8.0 Hz, glc 1), 3.12-3.84 (6H, m, glc 2-6); "C-NMR (125MHz, D,O) & : 99.1 (C-1), 153.1
(C-3), 111.8 (C4), 343 (C5), 38.2 (C-6), 1294 (C7), 141.5 (C-8), 46.1 (C9), 60.0 (C-10), 171.6 (C-11),
97.2 (glc 1), 73.0 (glc 2), 75.9 (glc 3), 69.7 (glc 4), 76.5 ((glc 5), 60.9 (glc 6); Positive ESIMS m/z 397 [M
+ Na]

*Gardenoside
(0] \/OCH 3
11
6 s 4
, IANE
o~ (0] OH
HO — |8 AHo .
T—OH
HOH ,C 10 O O\/CHZOH

1

mp 118-120 °C; 'H-NMR (500 MHz, CD;OD) §: 2.64 (I1H, dd, J=2.5, 8.5 Hz, H-9), 3.18-3.92 (glucose,
— 46 —_



H-10, H-5), 4.67 (1H, d, J=8.0 Hz, H-1"), 5.76 (1H, dd, J=2.0, 5.0 Hz, H-7), 5.80 (1H, d, J=2.5 Hz, H-1),
6.17 (1H, dd, J=2.5, 5.5 Hz, H-6), 7.40 (1H, d, J=1.5 Hz, H-3); "C-NMR (125 MHz, CD;OD) § : 93.2
(C-1), 150.8 (C-3), 110.4 (C-4), 37.7 (C-5), 134.5 (C-6), 134.7 (C-7), 85.1 (C-8), 51.2 (C-9), 66.0 (C-10),
167.8 (C=0), 50.6 (OMe), 98.7 (C-1'), 73.5 (C-2'), 77.2 (C-3'), 70.4 (C-4"), 76.8 (C-5"), 61.6 (C-6'); Positive
ESIMS m/z 427 [M + Na]

*Shanzhiside
Ox_~OH
11
HO g
X33
"N o OH
8 ;
HO ), ‘HO T—O0H
CH; O 0—__/ CH,0H

1

mp 82-90 °C; 'H'NMR (500 MHz, CD:OD) &: 1.28 (3H, s, Me), 1.85 (2H, dd, J=6.5, 13.0 Hz, H-7b), 2.05
(H, dd, J=6.5, 13.0 Hz, H-7a), 2.59 (1H, dd, J=3.0, 10.5 Hz, H-9), 2.98 (1H, dd, J=4.0, 10.5 Hz, H-5),
3.18-3.92 (glucose), 4.02 (1H, d, J=4.0 Hz, H-6), 4.66 (1H, d, J=8.0 Hz, H-1', 5.51 (IH, d, J=3.0, H1),
735 (1H, s, H3); “CNMR (125 MHz, CD;OD) & 93.6 (C-1), 150.3 (C-3), 110.4 (C-4), 40.6 (C-5), 76.7
(C-6), 48.4 (C-7), 77.8 (C-8), 50.7 (C-9), 23.7 (C-10), 171.3 (C=0), 98.7 (C-1), 73.5 (C-2), 76.8 (C-3"), 70.5
(C-4", 77.1 (C-5"), 61.7 (C-6'); Positive ESIMS m/z 415 [M + Na]

*Gardoside

OH

/ ~—on
O0—__ / —H,0H

'H-NMR (500 MHz, CD;OD) &: 1.86-1.91 (2H, m, H-6b), 2.12-2.17 (2H, m, H-6a), 3.00-3.01 (IH, br s,
H-9), 3.16-3.17 (1H, m, H-5), 3.18-3.92 (glucose), 4.42-4.45 (2H, br t, H-7), 4.66 (1H, d, J=8.0 Hz, H-1'),
5.29 and 5.33 (2H, H-10), 5.44 (1H, d, J=4.0, H-1), 7.16 (1H, s, H-3); "C-NMR (125 MHz, CD;OD) &: 95.0
(C-1), 1524 (C-3), 110.7 (C-4), 30.8 (C-5), 39.4 (C-6), 72.9 (C-7), 1482 (C-8), 44.3 (C9), 113.0 (C-10),
167.8 (C=0), 98.6 (C-1'), 73.6 (C-2"), 77.2 (C-3"), 70.5 (C-4"), 76.7 (C-5"), 61.7 (C-6"); Positive ESIMS m/z
397 [M + Na]”

*Genipin-B-D-gentiobioside

2
O~
HOHZC\/O 1/
o ~on

HO H O/ HO
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mp 227-229 °C; 'H-NMR (500 MHz, CD;OD) &: 2.11 (1H, br dd, H-6b), 2.72 (1H, br dd, H-9), 2.83 (1H,
br dd, H6a), 3.19 (1H, m, H-5), 3.24-3.89 (12H, 2xglucose), 3.72 (3H, s, OMe), 4.18 (1H, br dd, H-10b),
432 (1H, br d, H-10a), 438 (1H, d, J=7.5 Hz, H-1"), 4.73 (1H, d, J=7.5 Hz, H-1"), 5.16 (1H, d, J=8.0 Hz,
H-1), 587 (1H, s, H-7), 7.53 (1H, s, H-3); "C-NMR (125 MHz, CD;OD) & : 97.6 (C-1), 152.2 (C3), 111.2
(C4), 35.6 (C-5), 38.6 (C-6), 127.8 (C-7), 143.7 (C-8), 168.4 (C=0), 50.5 (OMe), 99.4 (C-1'), 73.6 (C-2'),
76.6 (C-3'), 70.5 (C-4'), 76.7 (C-5"), 68.6 (C-6"), 103.7 (C-1"), 74.0 (C-2"), 76.7 (C-3"), 70.5 (C-4"), 76.8
(C-5"), 61.6 (C-6"); Negative ESIMS m/z 549 [M - HJ

*63-Hydroxygeniposide

0.5 —OCH ;
HO 11

e
;
s 1O OH
AHO
HOH ,C'10 2 o /\OH
~—_/ —CH ,OH

1

'H-NMR (500 MHz, CD;OD) & 3.01-3.05 (1H, br dd, H9), 3.21-3.89 (glucose+H-5), 4.19 (1H, d, J=16.0
Hz, H-10b), 4.34 (1H, d, J=15.5 Hz, H-10a), 3.73 (3H, s, OMe), 420 (1H, d, J=15.0 Hz, H-10b), 4.33 (1H,
d, J=15.0 Hz, H-10a), 4.56 (1H, d, J=4.5 Hz, H-6), 520 (1H, d, J=6.5 Hz, H-1), 5.82 (1H, d, J=3.0 Hz,
H-7), 7.52 (1H, s, H3); C-NMR (125 MHz, CD;OD) &: 97.1 (C-1), 152.7 (C-3), 109.7 (C-4), 44.4 (C-5),
81.1 (C-6), 128.9 (C-7), 1464 (C-8), 169.1 (C=0), 50.9 (OMe), 99.1 (C-1'), 73.6 (C-2"), 76.7 (C-3"), 70.4
(C-4Y, 77.3 (C-5), 59.9 (C-6'); Positive ESIMS m/z 427 [M + Na]’

*Genipin

O\|/OCH3
11

\ N3
7 |

\ L.O

HOH,C'®  OH

mp 120-121°C; UV dumax (MeOH) 202, 240 nm; 'H-NMR (500MHz, CD;OD) &: 2.05 (1H, br dddd, H-6a),
2.51 (1H, br dd, H9), 2.81-2.86 (1H, br dd, H6b), 3.33 (1H, br s, H5), 3.72 (1H, s, OMe), 4.22 (1H, d,
J=15.0 Hz, H-10b), 431 (1H, d, J=15.0 Hz, H-10a), 4.81 (1H, s, H-1), 5.84 (1H, s, H7), 7.53 (1H, s, H3);
BC-NMR (125MHz, CD;OD) ) & 97.7 (C-1), 154.3 (C-3), 111.8 (C-4), 37.6 (C-5), 34.0 (C-6), 128.3 (C-7),
145.6 (C-8), 48.5 (C-9), 61.7 (C-10), 169.9 (C-11), 51.7 (OMe); Positive ESIMS m/z 249 [M + Na]’

oIridoids 3} &

*Crocin

9 10 R
7 s 3 r
%A\WO
1 3 5 7
b

RO 6 10
CH,OH
HO/\\/O

HO— /\\\/ O\C(’HZ

R=

OH
_N\_-Q

HOHO\\ A e
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mp 127-128°C; UV Amx (MeOH) 209, 233 ,324, 432, 458 nm; 'H-NMR (500MHz, DMSO-de¢) ) & : 1.97
(6H, s, H9, 9°), 2.00 (6H, s, H-10, 10°), 6.28 (m, H7, H7"), 647 (2H, dd, J = 149, 11.6 Hz, H4, H4),
6.54 (2H, d, J = 14.9 Hz, HS, H5"), 6.63 2H, m, H8, H8"), 7.46 (2H, br s, H-3, H3’), 452 (1H, d, ] =
8.0 Hz, 1°°), 3.304.27 (12H, m, glc 267, 2°°6>), 5.12 (1H, d, J = 7.0 Hz, 1"”), 3.12-3.84 (6H, m, glc
276, 276”"), "C-NMR(125MHz, DMSO-ds) ) 8 : 167.6 (C-1, 1°), 97.5 (C2, 2°), 144.8 (C-3, 3), 96.4
(C4, 47), 1523 (C-5, 5°), 1262 (C-6, 6°), 111.6 (C-7, 7°), 99.3 (C-8, 8), 38.7 (C9, 9°), 35.1 (C-10, 10"),
96.4 (C-1), 64.5 (C2), 72.0 (C37), 60.0 (C-4>"), 77.4 (C-5°"), 51.7 (C-6), 1023 (C-1°), 70.7 (C2°"),
74.0 (C-3), 61.7 (C-4), 77.9 (C-5°"), 46.6 (C6")

*Crocetin

mp 283-285°C; UV Ama (MeOH) 203, 288, 320, 398 sh, 424, 449 nm; 'H-NMR (500MHz, DMSO-d¢) &: 1.92
(6H, s, H9, 9%), 1.97 (6H, s, H-10, 10°), 6.49 (2H, d, J=10.0 Hz, H-7, H-7), 6.59-6.64 (2H, m, H-4, H4"),
6.75 (2H, d, J=10.0 Hz, H-5, H-5"), 6.83 (2H, d, J=10.0 Hz, H-8, H-8’), 7.21 (2H, d, J=10.0 Hz, H-3, H3");
PC-NMR (125MHz, DMSO-dg) &: 168,6 (C-1, 1°), 127.5 (C2, 2°), 138.7 (C3, 3°), 124.6 (C-4, 4), 144.0
(C-5, 5°), 136.0 (C6, 67, 135.6 (C7, 7°), 132.3 (C8, 8, 13.5 (C9, 9°), 13.2 (C-10, 10°); Positive ESIMS
m/z 351 [M + Na]’

°Flavonoids

*Rutin

§07 ~ //\OH

]
H,C—/
wol /2077
on |
OH

mp 186-188°C(dec.); UV Amax (MeOH) 207, 257, 300 sh, 357 nm; 'H-NMR (500MHz, DMSO-d¢) &: 6.20
(1H, s, H-6), 6.39 (1H, s, H-8), 7.53-7.55 (1H, br dd, H2’), 6.84 (1H, dd, J=10.0, 1.5 Hz, H-3’), 7.53 (1H,
br dd, H-6%), 534 (1H, d, J=7.5 Hz, glc 1), 3.04-3.72 (12H, m, glc 2-6, rha 2-5), 4.39 (1H, s, rha 1), 1.00
(3H, s, tha CH;); "C-NMR (125MHz, DMSO-de) &: 157.1 (C-2), 134.0 (C-3), 178.1 (C-4), 161.9 (C-5), 99.4
(C-6), 1619 (C-7), 943 (CB), 157.3 (C9), 104.7 (C-10), 122.3 (C-1°), 1159 (C2°), 134.0 (C-3’), 149.1
(C4%), 117.0 (C5), 1219 (C6°), 1019 (glc 1), 74.8 (glc 2), 77.2 (glc 3), 71.3 (glc 4), 76.6 (glc 5), 67.7
(glc 6), 101.4 (rha 1), 71.1 (tha 2), 70.7 (tha 3), 72.6 (tha 4), 68.9 (tha 5), 18.4 (rtha CHj3); Positive ESIMS
m/z 633 [M + Na]
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*Quercetin

mp 314 °C (dec.); UV Amx (MeOH) 205, 256, 372 nm; 'H-NMR (500MHz, DMSO-de) &: 6.20 (1H, d, J=2.1
Hz, H6), 642 (1H, d, J=2.1 Hz, HS), 7.69 (1H, d, J=2.2 Hz, H2’), 6.90 (1H, d, J=8.5 Hz, H-5), 7.55
(1H, dd, J=8.5, 2.2 Hz, H6); “C-NMR (125MHz, DMSO-de) &: 147.5 (C-2), 138.4 (C-3), 176.5 (C-4), 161.4
(C-5), 98.9 (C-6), 164.6 (C-7), 94.0 (C-8), 156.8 (C-9), 103.7 (C-10), 122.7 (C-1’), 115.8 (C2), 148.4 (C-3"),
148.4 (C-4’), 116.3 (C-5%), 120.7 (C-6’); Positive ESIMS m/z 487 [M + Na]'

*Isoquercitrin

OH OH

/ ~—oH
O—__/ —CH,0H

mp 244-246 °C; 'H'NMR (500MHz, DMSO-de) &: 3.10-3.66 (SH, glucose), 5.47 (1H, d, J=7.0 Hz, H-1"),
6.20 (1H, d, J=2.0 Hz, H6), 6.41 (1H, d, J=2.0 Hz, H-8), 6.85 (1H, d, J=8.5 Hz, H-5"), 7.58 (1H, dd, J=8.5,
2.0 Hz, H6) 7.59 (1H, d, J=2.0 Hz, H-2"); “C-NMR (125MHz, DMSO-dg) & : 156.9 (C2), 134.1 (C-3),
178.2 (C-4), 161.9 (C-5), 99.4 (C-6), 164.9 (C-7), 94.2 (C-8), 157.0 (C-9), 104.7 (C-10), 121.9 (C-1°), 115.9
(C27), 1455 (C3°), 1492 (C4), 1169 (C-5°), 1223 (C6’), 101.7 (C-1"), 74.8 (C2"), 77.2 (C-3"), 70.7
(C-4"), 782 (C-5"), 122.3 (C-6"); Positive ESIMS m/z 487 [M + Na]’

oSteroid and Triterpenoid

*Ursolic acid

mp 264-268°C(dec.); UV Amax (MeOH) 204 nm; 'H-NMR (500MHz, pyridine-ds) 5: 0.87 (6H, s, H23), 0.92
GH, s, H24), 0.94 3H, s, H25), 0.96 3H, d, J=5.0 Hz, H-29), 1.20 (3H, s, H-26), 1.21 (3H, s, H-27), 0.99
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(3H, d, J=5.0 Hz, H-30), 1.20-2.60 (20H, m, methine and methylene protons), 2.60 (1H, d, J=10.0 Hz, H-18),
341 (1H, br dd, H-3), 546 (1H, t, J=5.0 Hz, H-12); BC-NMR (125MHz, pyridine-ds) &: 39.4 (C-1), 23.9
(C2), 78.1 (C-3), 39.1 (C4), 55.8 (C5), 21.1 (C-6), 33.6 (C-7), 40.0 (C-8), 48.0 (C-9), 37.3 (C-10), 23.6
(C-11, 27), 125.6 (C-12), 139.3 (C-13), 42.5 (C-14), 28.7 (C-15), 249 (C-16), 48.1 (C-17), 53.6 (C-18), 39.4
(C-19), 39.5 (C-20), 28.8 (C21), 36.4 (C-22), 28.1 (C23), 18.8 (C24), 15.7 (C-25), 16.6 (C-27), 179.8 (C-23),
17.5 (C29), 21.4 (C-30); Positive ESIMS m/z 479 [M + Na]

*Stigmasterol

mp 167-168°C(dec.); UV Amax (MeOH) 201 nm; 'H-NMR (500MHz, CDClLs) & 0.70 (3H, s, H-18), 0.81 (3H,
d, J=7.5 Hz, H27), 0.83 (3H, d, J=6.8 Hz, H26), 0.85 (3H, t, J=7.8 Hz, H-29), 0.92 (3H, d, J=6.4 Hz,
H-21), 1.01 (3H, s, H-19), 0.92-2.40 (24H, m, methane and methylene protons), 3.51-3.53 (1H, m, H-3), 5.02
(1H, dd, J=15.5, 8.5 Hz, H22), 5.15 (1H, dd, J=15.0, 8.5 Hz, H-23), 5.34-5.35 (1H, m, H-6); "C-NMR
(125MHz, CDCl3) 8: 39.9 (C-1), 32.1 (C-2), 72.0 (C-3), 42.5 (C4), 141.0 (C-5), 121.9 (C-6), 32.1 (C-7), 32.2
(C-8), 51.5 (C9), 37.5 (C-10), 21.4 (C-11), 40.7 (C-12), 42.5 (C-13), 57.1 (C-14), 25.6 (C-15), 31.9 (C-16),
56.2 (C-17), 12.5 (C-18), 21.3 (C-19), 36.8 (C20), 19.2 (C21), 32.2 (C22), 29.1 (C-23), 50.4 (C-24), 32.1
(C-25), 21.3 (C26), 19.6 (C27), 24.6 (C28), 12.3 (C-29) ); Positive ESIMS m/z 435 [M + Na]

*[3-Sitosterol

mp 137-140 °C; '"H-NMR (500MHz, CD;OD) &: 0.66 (3H, s, H-18), 0.80 (3H, d, J=7.0 Hz, H-26), 0.82 (3H,
d, J=7.0 Hz, H-27), 0.83 (3H, t, J=7.5 Hz, H-29), (0.91 (3H, d, J=7.0 Hz, H-21), 0.99 (3H, s, H-19), 3.51
(1H, m, H-3), 533 (1H, br d, J=5.5 Hz, H-6); "C-NMR (125 MHz, CDClL;) &: 11.9 (C-18), 12.0 (C-29),
18.8 (C-21), 19.0 (C-26), 19.4 (C-19), 19.8 (C-27), 21.1 (C-11), 23.1 (C-28), 24.3 (C-15), 26.1 (C-23), 28.3
(C-16), 29.2 (C-25), 31.7 (C-2), 31.9 (C-7, 8), 34.0 (C-22), 36.2 (C-20), 36.5 (C-10), 37.3 (C-1), 39.8 (C-12),
42.3 (C-4), 42.3 (C-13), 45. 9 (C-24), 50.1 (C-9), 56.1 (C-17), 56.8 (C-14), 71.8 (C-3), 121.7 (C-6), 140.8
(C-5); EIMS m/z 414 [M]
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S

*Protocatechuic acid

mp 195-196 °C; 'H'NMR (500MHz, CD:OD) &: 6.80 (1H, d, J=8.0 Hz, H-5), 7.44 (1H, dd, J=2.0, 9.5 Hz,
H6), 7.45 (1H, d, J=3.0 Hz, H?2), "C-NMR(125MHz, CD;OD) &: 169.2 (C=0), 150.3 (C-4), 144.9 (C-3),
122.7 (C-6), 122.2 (C-1), 116.6 (C2), 114.6 (C-5); Positive ESIMS m/z 177 [M + Na]’

*Caffeic acid

mp 215-217°C; UV Amax (MeOH) 203, 217, 233 sh, 244 sh, 298, 324nm; 'H-NMR (500MHz, CD;OD) §&:
6.23 (1H, d, J=16.0 Hz, H-8), 6.79 (1H, d, J=8.5 Hz, H-5), 6.95 (1H, dd, J=8.5 Hz, 2.0Hz, H-6), 7.05 (1H,
d, J=2.0 Hz, H2), 7.55 (1H, d, J=16.0 Hz, H-7); "C-NMR (125MHz, CD;0OD) &: 126.7 (C-1), 114.4 (C-2),
148.3 (C-3), 145.6 (C-4), 115.4 (C-5), 121.7 (C-6), 145.9 (C-7), 114.0 (C-8) 169.9 (C-9); Positive ESIMS m/z
203 [M + Na]”

> 7]

*Chlorogenic acid

Q i
T

mp 210°C (dec); UV Amm (MeOH) 201, 217, 245 sh, 298 sh, 328 nm; 'H-NMR (500MHz, CD;OD) &
2.00-2.11 (1H, br ddd, H2a), 2.17-2.26 (3H, br dd, H2p, 60, 6B), 4.16-4.19 (1H, br ddd, H3), 3.73 (1H,
dd, J=8.5, 3.0 Hz, H4), 5.33-5.37 (1H, br ddd, H-5), 7.06 (1H, s, H?2’), 6.79 (1H, d, J=8.0 Hz, H-5"), 6.97
(1H, dd, J=8.0, 2.0 Hz, H6’), 7.58 (I1H, d, J=15.5 Hz, H7"), 628 (IH, d, J=16.0 Hz, H8’); “C-NMR
(125MHz, CD:OD) &: 75.1 (C-1), 37.1 (C2), 70.9 (C-3), 72.5 (C-4), 70.3 (C-5), 37.8 (C6), 176.1 (C-7),
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126.7 (C-1), 1142 (C2), 145.6 (C-3’), 1484 (C-4), 1165 (C-5), 121.8 (C-6), 1459 (C-7), 1153 (C-8),
167,5 (C-9°) ); Positive ESIMS m/z 377 [M + Na]’

*Picrocrocinic acid

CH,
HOOC \%ﬂ
\OH

/2\/
H5C CHZOH

'H-NMR (500 MHz, CD;OD) &: 1.13 and 1.23 (each 3H, 2 x Me-C6), 1.50-1.55 (2H, m, H-5a), 1.71 (3H, s,
Me-C2), 1.85 (2H, dd, J=2.5, 12.0 Hz, H-5b), 2.04 (2H, dd, J=9.0, 16.5 Hz, H3a), 2.41 (2H, dd, J=5.5, 17.0
Hz, H-3b), 3.16-3.88 (glucose); *C-NMR (125 MHz, CD:OD) & 139.8 (C-1), 1242 (C2), 37.0 (C-3), 76.9
(C-4), 453 (C-5), 35.0 (C-6), 20.3 (Me-C2), 28.4 and 29.1 (2Me-C6), 176.7 (C=0), 101.4 (C-1'), 72.2 (C-2),
76.7 (C-3'), 70.5 (C-4"), 74.0 (C-5"), 61.5 (C-6"); Positive ESIMS m/z 369 [M + Na]"

4. QALY 7x 2 B4l

° Iridoid
*-Harpagoside

mp 212-214°C; UV Amax (MeOH) 205, 217, 222 sh, 28 Onm; IR vmax 3200, 3050, 2900, 1695, 1610, 1580,
1075 cm-1; 'H-NMR (500MHz, CD;OD) 6&: 1.37 (3H, s, H-10), 1.86 (1H, dd, J=14.7, 4.0Hz, H-7a), 2.10
(1H, d, J=14.7Hz, H-7b), 2.78 (1H, s, H-9), 3.10~4.05 (sugar H), 3.60(1H, d, J=4.0Hz, H-6), 4.46 (H, d,
J=7.8Hz, H-1°), 4.78 (1H, dd, J=6.4,1. 4Hz, H-4), 6.02 (1H, s, H-1), 6.24 (1H, d, J=6.5Hz, H-3), 6.34 (1H,
d, J=16.0Hz, H-a), 7.24 (3H, m, H-34"5), 741 (QH, m, H-2,6"), 7.49 (IH, d, J=16.0Hz, H-B);
BC-NMR (125MHz, CD;OD) &: 23.0 (C-10), 46.5 (C-7), 56.0 (C-9), 63.2 (C-6"), 71.9 (C-4’), 73.7 (C-5),
75.0 (C-2%), 78.0 (C-5’), 78.1 (C-6), 78.4 (C-3), 89.1 (C-8), 95.0 (C-1), 100.3 (C-1°), 106.9 (C-4), 120.5
(C-a), 129.5 (C-37,5"), 130.5 (C-2,6""), 132.0 (C-4""), 136.1 (C-1""), 144.3 (C-3), 146.5 (C-B), 169.2 C=0);
Positive ESIMS m/z 516 [M + Na]

*Harpagide
HO

HO 4
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mp 186-188°C; UV Amu(MeOH) 204 nm; IR 03380, 2950, 2830, 1660, 1550, 1450, 1030 cm; 'H-NMR
(500MHz, CD;OD) &: 1.08 (3H, s, H-10), 1.62 (1H, dd, J=14.0, 5.0 Hz, H-7a), 1.72 (1H, d, J=14.3 Hz
H-7b), 2.77 (1H, s, H-9), 3.10-3.85 (sugar H), 3.61 (1H, d, J=4.0 Hz, H-6), 447 (1H, d, J=7.8 Hz, H-1"),
478 (1H, dd, J=6.4, 1.5 Hz, H-4), 6.02 (1H, s, H-1), 625 (1H, d, J=6.4 Hz, H-3); "C-NMR (125MHz,
CD;OD) §: 93.8 (C-1), 142.8 (C-3), 108.7 (C-4), 72.9 (C-5), 77.9 (C-6), 47.5 (C-7), 78.6 (C-8), 60.0 (C-9),
25.1 (C-10), 99.9 (C-17), 74.8 (C-2°), 78.7 (C-3"), 72.1 (C-4), 78.5 (C-5"), 63.2 (C-6"); Positive ESIMS m/z
387 [M + Na]"

*Aucubin

mp 126-128°C; UV Ama(MeOH) 202nm; IR 0max3380, 2970, 1640, 1540, 1050cm™; 'H-NMR (500MHz,
CD;OD) &: 2.66 (1H, m, H-5), 2.91 (1H, br t, H-9), 3.20-3.90 (sugar H), 4.18 (1H, dd, J=15.5, 0.8 Hz,
H-10a), 4.36 (1H, br d, H-10b), 445 (1H, m, H-6), 4.69 (1H, d, J=7.5 Hz, H-1'), 4.96 (1H, d, J=7.0 Hz,
H-7), 5.10 (1H, dd, J=6.0, 4.0 Hz, H-4), 5.78 (1H, br s, H-1), 6.32 (1H, dd, J=6.0, 2.0 Hz, H-3); "C-NMR
(125MHz, CD;OD) &: 96.6 (C-1), 140.4 (C-3), 104.6 (C-4), 45.1 (C-5), 81.7 (C-6), 129.1 (C-7), 146.9 (C-8)
46.8 (C-9), 60.3 (C-10), 98.8 (C-1'), 73.8 (C-2), 76.8 (C-3), 70.4 (C-4"), 77.1 (C-5"), 61.5 (C-6"); Positive
ESIMS m/z 369 [M + Na]

*8-0O-E-p-Methoxycinnamoylharpagide

[a]’p -38.0% UV Amux(MeOH) 204, 224, 309 nm; IR Umn3420, 2970, 1680, 1620, 1520, 1050 cm’;
'H-NMR (500MHz, CDs;OD) &: 1.48 (3H, s, H-10), 2.01 (1H, dd, J=15.2, 4.5 Hz, H-7a), 2.21 (I1H, d, J
=152 Hz, H-7b), 2.89 (1H, s, H-9), 3.15-3.50 (sugar H), 3.72 (3H, s, OMe), 3.77 (1H, dd, J=11.0, 5.8 Hz,
H-6a’), 3.99 (1H, dd, J=11.0, 2.1 Hz, H-6b’), 4.59 (I1H, d, J=7.5 Hz, H-1°), 4.86 (IH, dd, J= 6.2, 1.3 Hz,
H-4), 6.15 (1H, br s, H-1), 6.30 (1H, d, J=15.7 Hz, H- a), 6.35 (1H, d, J=6.4 Hz, H-3), 6.90 (2H, d, J=8.6
Hz, H-3, 5°°), 748 (2H, d, J=8.6 Hz, H-2”, 6°), 7.54 (1H, d, J=15.7 Hz, H-B); "C-NMR (125MHz,
CD;OD) §: 94.7 (C-1), 144.1 (C-3), 106.6 (C-4), 73.6 (C-5), 77.7 (C-6), 46.5 (C-7), 88.0 (C-8), 55.8 (C-9),
23.0 (C-10), 100.1 (C-17), 74.5 (C-2°), 77.8 (C-3"), 71.7 (C-4’), 77.9 (C-5°), 63.0 (C-6"), 128.5 (C-1"),
1312 (C-27,6""), 1153 (C-3,5""), 163.0 (C-4”), 117.5 (C-a), 146.1 (C-B), 169.2 (C=0), 55.9 (OMe);
Positive ESIMS m/z 547 [M + Na]
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*Sinuatol

ho OH
HOﬁglu
QH
6 X3
1
8y 1o Ol. OH
HO O 0
i0 " §oNO X o
OH

[a]”’p= -147° (C 0.3, MeOH); 'H-NMR (500MHz, CD;OD) &: 1.29 (3H, d, J=6.0 Hz, H-6’"), 2.81 (I1H, m,
H-5), 2.90 (1H, t, J=7.5 Hz, H-9), 3.20-3.90 (10H, m, sugar-H), 4.19 (1H, d, J=16.0 Hz, H-10b), 4.38 (1H,
d, J=15.5 Hz, H-10a), 447 (1H, m, H-6), 4.70 (1H, d, J=7.5 Hz, H-1°), 4.83 (1H, d, J=1.5 Hz, H-1"), 4.91
(1H, d, J=7.0 Hz, H-1), 5.16 (1H, dd, J=6.0, 4.0 Hz, H-4), 588 (1H, t, J=1.5 Hz, H-7), 6.35 (1H, dd,
J=6.0, 2.0 Hz, H-3); "C-NMR (125MHz, CD;OD) &: 182 (C-6), 44.5 (C-5), 48.3 (C-9), 61.5 (C-10), 62.8
(C-6"), 70.3 (C-5), 71.7 (C-4’), 72.4 (C-37), 72.7 (C-27"), 74.2 (C-4>"), 75.1 (C-2°), 78.0 (C-5°), 78.4 (C-3"),
89.1 (C-6), 98.3 (C-1), 100.2 (C-1°), 101.3 (C-17"), 105.8 (C-4), 127.4 (C-7), 142.1 (C-3), 149.6 (C-8);
Positive ESIMS m/z 515 [M + Na]

o Cinnamic acid derivatives

*Cinnamic acid

mp 132-135°C; UV Ama (MeOH) 202, 215, 220, 272 nm; 'H-NMR (500MHz, CD:OD) §: 6.49 (I1H, d, J
=15.5 Hz, H-8), 7.40, 7.60 (5H, m, H-2, 3, 4, 5, 6), 7.69 (1H, d, J=16.0 Hz, H-7); "C-NMR (125MHz,
CDs;OD) 6: 134.7 (C-1), 128.0 (C-2, 6), 128.8 (C-3, 5), 130.2 (C-4), 145.2 (C-7), 118.2 (C-8), 169.2 (C-9) ;
Negative ESIMS m/z 147 [M - HT

*p-Coumaric acid

mp 212-214°C; UV Ama (MeOH) 202, 210, 226, 300, 309 nm; 'H-NMR (500MHz, CD:;OD) 6:6.29 (1H, d,
J=15.5 Hz, H-8), 6.82 (2H, d, J=9.0 Hz, H-2, 6), 7.46 (2H, d, J=9.0 Hz, H-3, 5), 7.62 (1H, d, J=16.0 Hz
H-7); “C-NMR (125MHz, CDsOD) §: 126.1 (C-1), 115.7 (C-2,6), 129.9 (C-3,5), 160.0 (C-4), 145.5 (C-7),
114.5 (C-8), 169.9 (C-9); Positive ESIMS m/z 187 [M + Na]
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*p—-Methoxycinnamic acid methyl ester

HsCcO™ 4

mp 130-133°C; UV Amsx (MeOH) 201, 226, 298 sh, 309 nm; 'H-NMR (500MHz, CD;OD) &: 3.78 (3H, s,
OMe), 3.84 (3H, s, OMe), 6.38 (1H, d, J=16.0 Hz, H-8), 6.96 (2H, d, J=8.5Hz, H-2,6), 7.55 (2H, d, J=9.0
Hz, H-3,5), 7.65 (1H, d, J=15.5 Hz, H-7); "C-NMR (125MHz, CD;0OD) &: 127.1 (C-1), 114.3 (C-2,6), 129.8
(C-3,5), 162.0 (C-4), 145.0 (C-7), 114.7 (C-8), 168.4 (C-9), 50.9 (COOMe), 54.7 (OMe); Positive ESIMS m/z
215 [M + Na]”

*Caffeic acid

mp 215-217°C; UV Amax (MeOH) 203, 217, 233 sh, 244 sh, 298, 324 nm; 'H-NMR (500MHz, CD;OD) 6&:
6.23 (1H, d, J=16.0 Hz, H-8), 6.79 (1H, d, J=8.5 Hz, H-5), 6.95 (1H, dd, J=8.5 Hz, 2.0Hz, H-6), 7.05 (I1H,
d, J=2.0 Hz, H-2), 7.55 (1H, d, J=16.0 Hz, H-7); "C-NMR (125MHz, CD;OD) &: 126.7 (C-1), 114.4 (C-2),
148.3 (C-3), 145.6 (C-4), 1154 (C-5), 121.7 (C-6), 1459 (C-7), 114.0 (C-8), 169.9 (C-9); Positive ~ ESIMS
m/z 203 [M + Na]

*Ferulic acid

OCHs

mp 167-170°C; UV Amax (MeOH) 202, 231 sh, 292, 320 nm; 'H-NMR (500MHz, CDs;OD) §: 3.90 (3H, s,
OMe), 6.32 (1H, d, J=16.0Hz, H-8), 6.82 (1H, d, J=8.0 Hz, H-5), 7.07 (1H, dd, J= 8.5, 2.0 Hz, H-6), 7.17
(1H, d, J=2.0 Hz, H-2), 7.61 (1H, d, J=16.0 Hz, H-7); "C-NMR (125MHz, CD;OD) §: 127.8 (C-1), 111.8
(C-2), 149.4 (C-3), 150.5 (C-4), 116.0 (C-5), 124.0 (C-6), 146.9 (C-7), 116.5 (C-8), 171.0 (C-9), 56.5 (OMe);
Positive ESIMS m/z 217 [M + Na]
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*(E)-p~Methoxycinnamic acid

HsCO™ 4

mp 170-172°C; UV Amax (MeOH) 213, 225, 298, 307 nm; 'H-NMR (500MHz, CD:;OD) &: 3.85 (3H, s,
OMe), 6.34 (1H, d, J=16.0Hz, H-8), 6.97 (2H, d, J=9.0Hz, H-2.6), 7.56 (2H, d, J=9.0 Hz, H-3,5), 7.64 (1H,
d, J=16.0Hz, H-7); “C-NMR (125MHz, CD;OD) &: 127.3 (C-1), 1143 (C-2,6), 129.7 (C-3,5), 161.9 (C-4),
145.0 (C-7), 115.5 (C-8), 169.7 (C-9), 54.7 (OMe); Positive ESIMS m/z 201 [M + Na]'

*Buergeriside C;

H5CO

Pale yellow amorphous powder; 'H-NMR (500 MHz, CDsOD) &: 1.31 (3H, d, J=6.0 Hz, H-6), 3.67 (1H, t,
J=9.7 Hz, rha.-H), 3.85 (3H, s, OMe), 3.97 (1H, dd, J=9.5, 5.5 Hz, rha.-H), 4.02 (1H, dd, J=3.0, 2.0 Hz,
rha.-H), 5.03 (1H, d, J=1.5 Hz, H-1), 5.17 (1H, dd, J=9.5, 3.5 Hz, H-4), 6.48 (1H, d, J=16.0 Hz, H-a’),
6.97 (2H, d, J=8.5 Hz, H-3’,5’), 7.58 (2H, d, J=8.5 Hz, H-2".6"), 7.74 (I1H, d, J=16.0 Hz, H-§’); "C-NMR
(125MHz, CDs;OD) &: 18.3 (C-6), 56.0 (OMe), 69.6 (C-5), 71.2 (C-3), 71.8 (C-2), 75.7 (C-4), 96.0 (C-1),
1156 (C-3°,5%), 116.7 (C-a’), 128.6 (C-1’), 131.1 (C-2°, 6’), 146.3 (C-B’), 163.3 (C-4’), 168.9 (C=0);
Positive ESIMS m/z 347 [M + Na]"

*Angoroside C

[a]* b= -63.5° (C 0.32, MeOH); 'H-NMR (500MHz, CDsOD) &: 1.12 (3H, d, J=6.0 Hz, H-6’"), 2.84 (2H, t,
J=7.5 Hz, H-B), 3.29-3.95 (14H, m, sugar-H), 3.72-3.80 (1H, m, H-a), 3.82 (3H, s, 4”>>-OMe), 3.90 (3H, s,
3-OMe), 4.06 (1H, m, H-a), 4.25 (1H, d, J=6.5 Hz, H-1"), 4.40 (1H, d, J=8.0 Hz, H-1°), 4.99 (1H, t, J=9.5
Hz, H-4’), 5.22 (1H, d, J=1.0 Hz, H-1""), 6.39 (1H, d, J=16.0 Hz, H-a’), 6.71 (1H, dd, J=8.0, 2.0 Hz, H-6),
6.77 (1H, d, J=2.0 Hz, H-2), 6.83 (IH, d, J=8.0 Hz, H-5"""), 6.84 (1H, d, J=8.0 Hz, H-5), 7.10 (1H, dd,
J=8.0, 2.0 Hz, H-6""), 7.21 (1H, d, J=2.0 Hz, H-2""), 7.68 (1H, d, J=16.0 Hz, H-B’); "C-NMR (125MHz,
CD;OD) §: 18.6 (C-6""), 36.7(C-B), 56.7 (4°-OMe), 56.7 (3-OMe), 66.9 (C-57), 69.2 (C-6’), 69.7 (C-4""),
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70.6 (C-4%), 70.7 (C-57), 72.2 (C-3""), 72.3 (C-a), 72.5 (C-27), 72.6 (C-2""), 73.9 (C-37), 742 (C-4"),
75.1 (C-5"), 763 (C-27), 81.7 (C-3’), 103.2 (C-1"), 104.3 (C-1’), 105.2 (C-17), 112.1 (C-2""), 113.1 (C-2),
1153 (C-a’), 116.7 (C-5>), 117.3 (C-5), 121.4 (C-6), 124.7 (C-6>), 127.8 (C-1"""), 1332 (C-1),147.5
(C-4), 147.7 (C-3), 148.2 (C-B’), 149.5 (C-3"), 151.0 (C-4>"), 168.5 (C=0); Negative ESIMS m/z 783 [M
- H]'

*Acteoside
HO 3> ..p¢ O HO
N— 4
HO o« o5 O o P11 __30H
HO o 2Ho b O‘V\©i
HO OH
OH

mp 148-151C; [a]%= -77° (C 0.3, MeOH); 'H-NMR (500 MHz, DMSO-d¢) §: 0.97 (3H, d, J=6.0 Hz,
H-6"), 2.71 (2H, m, H-7), 3.08 - 3.95 (9H, m, sugar-H), 3.57 - 3.95 (2H, m, H-8), 436 (1H, d, J=8.0 Hz,
H-1, 472 (1H, t, J=9.8 Hz, H-4"), 5.04 (1H, brd, J=1.5 Hz, H-1"), 6.19 (1H, d, J=16.0 Hz, H-8"), 6.50
(1H, dd, J=8.0, 2.0 Hz, H-6), 6.63 (IH, d, J=1.8 Hz, H-2), 6.64 (I1H, d, J=8.0 Hz, H-5), 6.77 (IH, d,
J=8.5Hz, H-5"), 6.97 (1H, dd, J=8.5, 2.0 Hz, H-6"), 7.03 (1H, d, J=2.0 Hz, H-2"), 7.46 (1H, d, J=16.0 Hz
H-7"); “C-NMR (125 MHz, DMSO-de) &: 18.8 (C-6"), 35.7 (C-7), 61.4 (C-6'), 69.4 (C-5"), 69.9 (C-4"), 70.9
(C-3"), 71.1 (C-2"), 71.2 (C-8), 72.4 (C-4"), 75.2 (C-2), 75.2 (C-5), 79.8 (C-3'), 101.9 (C-1"), 103.0 (C-1),
114.3 (C-8™), 1154 (C-2"), 1162 (C-5), 116.5 (c-5"), 117.0 (C-2), 120.2 (C-6), 122.1 (C-6"), 126.2 (C-1"),
129.8 (C-1), 144.3 (C-4), 145.7 (C-3), 145.7 (C-3"), 146.3 (C-7"), 149.2 (C-4"), 166.4 (C-9"); Negative
ESIMS m/z 623 [M - H|

o 7| E}
*[3-Sitosterol

mp 137-140 °C; 'H-NMR (500MHz, CD;OD) &: 0.66 (3H, s, H-18), 0.80 (3H, d, J=7.0 Hz, H-26), 0.82 (3H,
d, J=7.0 Hz, H-27), 0.83 (3H, t, J=7.5 Hz, H-29), (0.91 (3H, d, J=7.0 Hz, H-21), 0.99 (3H, s, H-19), 3.51
(1H, m, H-3), 533 (1H, br d, J=5.5 Hz, H-6); "C-NMR (125 MHz, CDCly) &: 11.9 (C-18), 12.0 (C-29),
18.8 (C-21), 19.0 (C-26), 19.4 (C-19), 19.8 (C-27), 21.1 (C-11), 23.1 (C-28), 24.3 (C-15), 26.1 (C-23), 28.3
(C-16), 29.2 (C-25), 31.7 (C-2), 31.9 (C-7, 8), 34.0 (C-22), 36.2 (C-20), 36.5 (C-10), 37.3 (C-1), 39.8 (C-12),
42.3 (C-4), 42.3 (C-13), 45. 9 (C-24), 50.1 (C-9), 56.1 (C-17), 56.8 (C-14), 71.8 (C-3), 121.7 (C-6), 140.8
(C-5); EIMS m/z 414 [M]
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*Daucosterol

mp 275-278 °C; 'H-NMR (CsDsN, 300MHz, dppm): 0.63(3H, s, H-18), 0.83(3H, d, J=6.5Hz, H-26), 0.85(3H,
d, J=6.5Hz, H-27), 0.86(3H, t, J=7.5Hz, H-29), 0.96(3H, d, J=6.5Hz, H-21), 0.91(3H, s, H-19), 3.96(1H, m,
H-3), 5.03((1H, d, J=7.5Hz, H-1'), 5.32(1H, brs, H-6), 6.54(1H, brs); "C-NMR (CsDsN, 75.5MHz &ppm):
37.5(C-1), 30.3(C-2), 78.6(C-3), 39.5(C-4), 140.9(C-5), 121.9(C-6), 32.3((C-7), 32.2(C-8), 50.3(C-9), 37.0(C-10),
21.4(C-11), 40.0(C-12), 42.6(C-13), 6.8(C-14), 24.6(C-15), 28.6(C-16), 56.2(C-17), 12.0(C-18), 19.2(C-19),
36.4(C-20), 19.0(C-21), 34.3(C-22), 26.6(C-23), 46.0(C-24), 29.6(C-25), 19.4(C-26), 20.0(C-27), 23.4(C-28),
12.2(C-29), 102.6(C-1"), 75.4(C-2"), 78.6(C-3"), 71.7(C-4"), 78.0(C-5"), 62.8(C-6"); Positive ESIMS m/z 599 [M +
Na]”
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methyl ester sekal | Cy HppOs | B4k 192
& = 99% AzxzdLdd 2007. 10.

Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20
(10:90 — 100:0)

‘Flow rate: 0.8ml/min 3
-Detector : UV 296nm

1 600§-DifferentY units

1,500 3

1,400 I

1,300 =

1 2005-

1,100 I

1,000 I

900 I

800 -

.

5% 0 1 mg/mé (MeOH)

A
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2=
T = A A4 A
i ) ) ok W | A A Scrophularia buergeriana)
shgHETg Caffeic acid -
3} 2}2] CoHgO4 WA= 180
& = 96% Azxddd 2007. 10.
-Column: Eclipse XDB
—Cis (4.6%<150 mm)
‘Mobile phase: 0.1%
;L}_N
BEA%ZHA [HOAc-MeCN:H20
‘Flow rate: 0.8ml/min
-Detector: UV 296nm
700 —f 1 1 1 l
600 —f S R L
500 — | | | :
) - | | | |
S 400 <4
8 : | | | |
5 300 — 1 1 | |
n - | | | |
2 200 = | | : :
100 —= e T E s R
0 = - : : :
100 —= 1 1 1 1

5% 0 1 mg/mé (MeOH)
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<
T = A A4 A
i ) ‘ ok W | A A Scrophularia buergeriana)
shet="g Ferulic acid -
s}ekal | CioHi004 | A 194
& = 98% Azxddd 2007. 10.
-Column: Eclipse XDB
—Cis (4.6%<150 mm)
‘Mobile phase: 0.1%
rer]z_N
BEA%ZHA [HOAc-MeCN:H20
Flow rate: 0.8ml/min
-Detector: UV 296nm
1,100 —
1,000 -
900 —
800 -
700 —
‘D -
Q 600 —|-----------
3 -
5 500 —
2 -
< 400
300 —
200 -
23axA n
212 desiccator .
ALk
% 0 1 mg/mé (MeOH)
+ 709 peake Z+Z}t cis—, trans—ferulic acid
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PN
s = A F A
o ‘ ‘ |3k | A K (Scrophularia buergeriana)
setE™ | (B)-p-Methoxycinnamic acid ——
s}ekal | CioHi003 | A 178
& = 96% AzxzdLdd 2007. 10.
-Column: Eclipse XDB
—Cig (4.6%<150 mm)
-Mobile phase: 0.1%
_ T ]
B2 HOAc-MeCN:H20 TF2
(15:85 — 100:0)
Flow rate: 0.8ml/min 3
-Detector: UV 326nm
1,600 —
1,400 =
1,200 = | 3
g1.000 = B
3 8 00 — | |
5 = 1 1
2 00 — R
< = 1 1
4 00 — : [
200 —= |
0 E h A | |
-2 N N _: l i
R =]
A2 desiccator K.
RN o
F% 1 mg/mt MeOH)
F M9 peak:E ZHZ}F cis-, trans—-p-Methoxycinnamic acid
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= 4 A A

M

ke | A A Scrophularia buergeriana)

sH3HETg Buergeriside C; -
stata] | CipHo007 | A 324

T = 81% Axddd 2008. 10.

-Column: Sunfire Cis,
S5um, 4.6X150 mm,
Waters, U.S.A.

-Mobile phase: 1%
2427 [HOAc-MeCN:1% H20
(0:100 — 100:0)
‘Flow rate: 0.8ml/min
-‘Detector: ELSD

mh chija21 DATA [Ja=sco MD-2010]

RT [min]
o El 10 13 20 25 30 35 40 45 S0 ) B0 B3 70

% 0.5 mg/mtl (MeOH)
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2=
T = A A4 A
i _ ok W | A A Scrophularia buergeriana)
sheh=w Angoroside C -
3}kl | CagHagOrg | A 784
& = 92.5% Azxddd 2008. 10.
-Column: Sunfire Cis,
S5um, 4.6X150 mm,
Waters, U.S.A.
-Mobile phase: 1%
rrL}_N
BEA%ZA [HOAc-MeCN:1% H0
(0:100 — 100:0)
Flow rate: 0.8ml/min
-Detector: ELSD

my
500

450

400

350

300

250

200

150

100

chijas1 DATA [Jasco MD-2010]

RT [min]

20 25

30

35

40 45 50 55 &0 65 70

5% 0 1 mg/mé (MeOH)

_72_




&= 4 4 A

o
Serew A . ok W | A A Scrophularia buergeriana)
e cteoside
3}kl | CogHse015 | A 624
& = 92.9% AzdLdd 2008. 10.

- Column: Sunfire Cig,
5 pm, 4.6<150 mm,

Waters, U.S.A. Hi@;ﬁ\'\/z ;o
- Mobile phase: 1% HO o Oﬁgvo P1_ 3o0H
T2 HO o) 3ho 1 Y\C[
A %7 [HOAc-MeCN:1% H0 et o
(0:100 — 100:0) OH

- Flow rate: 0.8 ml/min
- Detector: UV 254 nm

2004

1504

Al

1004

0:30

e 16.147

0.0

0 e e
000 200 400 600 600 1000 1200 1400 1600 1500 2000 2200 2400 2600 2600 3000 3200 3400 3600 38.00 4000 4200 4400 4600 4800 5000
Minwtes
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2=
= = 4 4 A
SeE B-si | koA | & AH(Scrophularia buergeriana)
=8 —-Sitostero
stsb2a] | CooHs00 | A 414
T = 92% Azddd 2008. 10.

-Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20 Tz
(0:100 — 100:0)
‘Flow rate: 0.8ml/min
-‘Detector: ELSD

] ] ] [
3
<

o

% 1.0 mg/mé (DMSO)
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PN
T = A A4 A
SeEn ok W | A A Scrophularia buergeriana)
s} 3t =+ Daucosterol
s}ekal | CysHeoOs | A 576
T = 98% AzdEd 2008. 10.

B A% |-Mobile phase:

-Column: Luna Silica
(2) 100A, 5y,
4.6X150 mm,

phenomenex, U.S.A.

CH»Cls-MeOH (10:1)
- Flow rate: 1.0 ml/min
- Detector: RI

, desiccator ™.

3.0 mg/ml (pyridine)
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2
T = A A A
. . et | XA Gardenia jasminoides)
sty Geniposide —
3}ekA | CiH2uOn0 | A 388
T = 97 AzELd 2007. 10.
-Column: Gemini 5p C18
110A (4.6%150 mm), OOt
phenomenex 6 s |<
3
-Mobile phase: 25% 7 ﬁ
b g Z2] 5O OH
A% |MeOH 8| O~
‘Flow rate: 1.0 ml/mi 10 At —/ on
o1 n HOH,C O\/O\/CH OH
2
-Detector: UV 254nm
1.0
i - _I'.
f
[
B34
2]

A2 desiccator .

o
k)
oo

A

s
a

off

: 1.0mg/ 1mdé (MeOH)
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PN
T = A A4 A
o o ‘ skekAIY | X AW Gardenia jasminoides)
shgHETg Geniposidic acid -
3}kl | CigH22010 | AT 374
& = 91% Azxddd 2007. 10.
Column: Eclipse XDB Ox _-OH
-Cig (4.6<250 mm) |11
_ 6 4
‘Mobile phase: 0.1% 2 ﬁ3
7
e HOAc-MeCN:H>0O T-Z2 N ~.L-0 /OH
(0:100 — 100:0) on C|10 \Ho—7~/—7— .,
Flow rate: 0.8 ml/min 2 O\/O\/CH20H
-Detector: UV 254nm
AEnc EFFUN
M II LL ﬂ. i |]I T T J"
Bz
A& desiccator N (53] &54 US)
AL
% &5 0 1.0 mg/ 1m¢é (DMSO)
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M

A

Gardenoside

X AW Gardenia jasminoides)

C17H24011 | A 404

97%

2008. 10.

Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20
(0:100 — 100:0)

Flow rate: 0.8 ml/min

-Detector: ELSD

OH

/ TOH
O0—__/ —H,0H

: 1.0 mg/ 1m¢é (MeOH)




P
= = 4 4 A
i o skekAIY | X AW Gardenia jasminoides)
shgHETg Shanzhiside -
s}kl | CipH2sO11 | A 392
& = 99% AzxEdLdd 2008. 10.
.Column: Eclipse XDB Oy —OH
11
~Cis (46150 mm) HO\ ¢ . 4
‘Mobile phase: 0.1% ; N3
- ‘Ho ] O OH
Bz HOAc-MeCN:H>0O TZ2 579 1 |
(0:100 — 100:0) HO ol (‘)HO o /\OH
Flow rate: 0.8 ml/min 3 ‘ ~£—CH,0H
-Detector: ELSD
800 =
S mv
750 -
700 3
6 50 =}
6 00 -
550 =}
500 -
450 -
400 2
250 =l

¥ 5% 1 1.0 mg/ 1me (MeOH)
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2=
T = A A4 A
o _ skekAIY | X AW Gardenia jasminoides)
st Gardoside —
3}kl | CigH22010 | AT 374
T = 92.3% Azxddd 2007. 10.
-Column: Sunfire Cis,
S5um, 4.6X150 mm,
Waters, U.S.A.
‘Mobile phase: 1% o OH
A1 271 [HOAc-MeCN:1% H:0 ~—on
(0:100 — 100:0) . 0\,LCH20H
Flow rate: 0.8 ml/min
-Detector: UV 254nm
0504 w
¥
050
040
]
< 04
0.20 "
B
010 D
nm L —~— - ]
010 200 400 600 BOD 000 1200 1400 1600 1800 2000 2200 2400 %00 2500 10 200 00 MO0 B0 4000 4200 4400 00 400 ot
Mirtes
Bz

Faaka

Injection concentration : 1 mg/ml (MeOH)
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= 4 A4 A

M

stk | X AW Gardenia jasminoides)

stek=% |Genipin—B-D-gentiobioside ——
3}k | CosHsuOn5 | A 550

i = 92.6% Azxddd 2008. 10.

-Column: Sunfire Cis,
5 pm, 4.6X150 mm,

Waters, U.S.A. 7
‘Mobile phase: 1%
1 : T HOH,C'*
27 [HOAc-MeCN : 1% H:0 2
. . O~
0:100 — 100:0 0 C 0
( ) ' HOH,C ~_ \1/ L - .
Flow rate: 0.8 ml/min // ~0OH /< ~OH
Detector: ELSD HO 5™ HO 5™
S00 1 my chijs?1 DATS [Jasco MD-2010]

430

400

350

300

250

200

150

100

RT [min]
0 3 10 13 20 23 30 33 40 43 a0 35 &0 ) 70

Injection concentration : 1 mg/ml (MeOH)
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= 4 A4 A

M

stk | X XM Gardenia jasminoides)

sH3HETg 6B-hydroxygeniposide

s}etal | Ci7HosOny | A 404

i = 99.9 Azxddd 2008. 10.

-Column: Sunfire Cis,
5 um, 4.6X150 mm,
Waters, U.S.A.
-Mobile phase: 1%
24271 [HOAc-MeCN : 1% H.0
(0:100 — 100:0)
‘Flow rate: 0.8 ml/min
-‘Detector: ELSD

my chijag1 DATA, [Jasco MD-2010]

RT [min]
o El 10 15 20 25 30 35 40 45 a0 55 B0 B35 7

Bz

22 desiccator K.

)

FaAke

Injection concentration : 1 mg/ml (MeOH)
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<
T = A A A
. o oA | X R Gardenia jasminoides)
st Genipin -
stek2 | CuHuOs | &A% 226
& = 99% Azxddd 2007. 10.
-Col : Ecli XDB
olumn: Eclipse O§/OCH3
—Cig (4.6%<250 mm)
-Mobile phase: 0.1%
waza HOAc-MeCN:H,0 T-ZA]
(0:100 — 100:0)
Flow rate: 0.8 ml/min ‘
-Detector: UV 254nm HOHzclo OH
100 _.eunlpln roce Ins: BCHS 11 83 geripin oy =]
Bz
22 desiccator K.
SRR
% % 1.0 mg/ 1ml (DMSO)
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2
T = A A4 A
o ‘ kAN | XA Gardenia jasminoides)
sheh=v Crocin —
3}8h2] | CyqHpsOg4 | AV 977
S = 90% AzxdLd 2007. 10.
Column: Eclipse XDB
-Cis (4.6<150 mm)
-‘Mobile phase: 0.1% RO ‘Cmon 10 ’
— 1. | — \ Q
w1 [HOACTMECNIH:O PR S Ay
(0:100 — 100:0) OH ‘fz
. HoO— @
‘Flow rate: 0.8 ml/min A N
-‘Detector: ELSD o
500 ™V
450 <
400 -
350 =
300 3
250 -

¥ 5% 1 1.0 mg/ 1me (DMSO)
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2=
T = A A4 A
. ' geFAY | XA (Gardenia jasminoides)
shgHETg Crocetin -
s}eka] | CooHosOy | A 328
& = 99% AzxEdLdd 2007. 10.
-Column: Eclipse XDB
—Cig (4.6%<250 mm)
-Mobile phase: 0.1%
waza HOAc-MeCN:H,0 T-ZA]
(0:100 — 100:0)
Flow rate: 0.8 ml/min
-Detector: UV 440nm

© 1.0 mg/ 1m¢ (DMSO)

¥ T
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A

Rutin

X AW Gardenia jasminoides)

CorHz0016 | A

98%

2007. 10.

-Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20
(0:100 — 100:0)
‘Flow rate: 0.8 ml/min
-‘Detector: UV 254nm

: 0.1 mg/ 1mé (DMSO)




PN
T = A4 F A
——_— Q ok | XA Gardenia jasminoides)
= uercetin
s}eta] | CoHooO12 | A 464
& = 85% AzxzdLdd 2007. 10.

-Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20 Tz
(0:100 — 100:0)
‘Flow rate: 0.8 ml/min
-‘Detector: ELSD

P RPRRPRRPRRPRPRRPRRRERNN
© O R DNWDINOUON®O© O K
OO0 000000000 OO

¥ 5% 1 1.0 mg/ 1me (DMSO)
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PN
T A A A
o ok | XA Gardenia jasminoides)
[soquercitrin -
3}k | CorHooO12 | A 464
91% A=A 2008. 10.

-Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20
(0:100 — 100:0)
‘Flow rate: 0.8 ml/min
-‘Detector: ELSD

5
6©4i0H
8
HO~ 7 9_0
v 2,/3' OH  OH
3
N T

o : O—__/ —CH,0H

© 1.0 mg/ 1m¢ (DMSO)
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P
T = A A A
. _ ) stk | X AW Gardenia jasminoides)
st Ursolic acid —
3}eka] | CyoHasOs | A 456
& = 98% Azxddd 2007. 10.
30
29 E
-Column: Eclipse XDB SN2l
~Cis (4.6%<150 mm) ‘9
-Mobile phase: 0.1% 0]
waza HOAc-MeCN:H,0 T-ZA] E
(0:100 — 100:0) 2 Y
Flow rate: 0.8 ml/min 5 27
. HO ;
-Detector: ELSD %, 6
23/ 724
14052 myv
130 3
120 5
110 3
100 5
9 0 =
8 0 =}
70 2
6 0 =}
Bz
22 desiccator K.
AL
% &5 0 1.0 mg/ 1m¢é (DMSO)
I I\/\_
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2=
T = A A4 A
. ) geFAY | XA (Gardenia jasminoides)
shgHETg Stigmasterol -
813h2] | CogllysO | A | 412
T = 93% Azxddd 2007. 10.

-Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20 T2
(0:100 — 100:0)
‘Flow rate: 0.8 ml/min
-Detector: UV 446nm

Absorbance

¥ 5% 1 1.0 mg/ 1me (DMSO)
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2=
T = A A4 A
. _ geFAY | XA (Gardenia jasminoides)
sheh=w B-Sitosterol -
spsha] | CaoHs00 | A 414
i = 92% Azxddd 2008. 10.

-Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20 Tz
(0:100 — 100:0)
‘Flow rate: 0.8 ml/min
-‘Detector: ELSD

] ] ] [
3
<

L}
-20C, Y& A,

)

rJ

=
q

i

R

¥ 5% 1 1.0 mg/ 1me (DMSO)

e

JLA

L
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PN
T % A
) ‘ ok | XA Gardenia jasminoides)
Protocatechuic acid -
3} C7HgO4 A 154

98%

2007. 10.

-Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20
(0:100 — 100:0)
‘Flow rate: 0.8 ml/min
-Detector: UV 362nm

Absorbance

1,800 —
1,600 =
1,400 =
1,200 =
1,000 =
800 =
600 =
400 =
200 =
0 =
desiccator .

© 1.0 mg/ 1m¢ (DMSO)
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2=
T = 4 A A
- ) ) oA | X R Gardenia jasminoides)
she="3 Caffeic acid -
3} 2}2] CyHgO4 WA= 180
T = 83% Azxddd 2008. 10.
-Column: Eclipse XDB
—Cig (4.6%<150 mm)
-Mobile phase: 0.1%
B2 HOAc-MeCN:H20 T-ZA]
(0:100 — 100:0)
Flow rate: 0.8 ml/min
-Detector: ELSD
4502 " v
400 =
350 =
300 =f-
250 E-
200 =|-
R =]
A2 desiccator K.
SERE I
% &5 0 1.0 mg/ 1m¢é (DMSO)
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= 4 A4 A

M

o
. stk | X AW Gardenia jasminoides)
s} Chlorogenic acid -
stek2) | CigHisOg | WA 354
S = 91% Azddd 2007. 10.

-Column: Eclipse XDB
—Ci1g (4.6%x250 mm) >—on
-Mobile phase: 0.1% /ﬁ\/7\

. A_ 4 _~OH
HOAc-MeCN:H,0 T2 N
(0:100 — 100:0)

Flow rate: 0.8 ml/min
-Detector: UV 254nm

¥ 5% 104 mg/ 1me (DMSO)
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M

A

Picrocrocinic acid

X AW Gardenia jasminoides)

Ci6Hz60s | =AM 346

99% Az

A4

2008. 10.

-Column: Eclipse XDB
—Cis (4.6X150 mm)
-Mobile phase: 0.1%
HOAc-MeCN:H20
(0:100 — 100:0)
‘Flow rate: 0.8 ml/min
-‘Detector: ELSD

HOOC \%
A 75t
H5C 0 /CHZOH

A b 001 O O N N ©
o o0 o o0 o o o o o
O O O O O o o o o

»
n
=)

: 1.0 mg/ 1m¢é (MeOH)
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A4d Al AF-ATFNERA Y 72434 1F 2 A&

3.

FEEY Ax

HAxbe Al Ak 3% FaAl Ak 3%l diske] 70% dEE FEES ARG S
22k A olm Ak 3% T 4o diEke 70% oleE FEES AXIAS
AEEYE 9814 methanol® F&3te] thEFe] FEES A& WHS AMESA S

Telo Ax
Hdap A xpe] 7| Rt thate] davdd B3, oHolAHE £3 Rue RIS Az}

=
gom 7 »YoareE YR Losa.

g4 Arel 22

Z+% chromatography W< Aldsl o 7z E 8o tsle #HA Felxz71& TLC 55 |83
of AAsta o] A4 wial silicagel, alumina, sephadex, diaion HP, XAD-II 5& o] &3}

gA 8+

A7 o] ot esEd R BEEEx 2E 4$ RP-, phenyl-, diol-, amide, amine-HPLC
O:]
AA

T BElst XEFoE AT
o AlgfAE 6701 (aucubin, sinuatol, angoroside C, acteoside, B-sitosterol,

=
daucostero) & 2o 2 EH3ti T+2E TAHIIS

=]
oK

[
el dHow B 165, A% 052

}et= S Gy A A
iridoid and its glycosides 8
steroid, triterpenoid 2 3
flavonoids - 3
carotenoid and its glycosides - 2
phenolics 1 3
cinnamic acid and its derivatives 8 -
7] B} - 1
| 16 20
satEe) =EaY
e E steEd et UV 2 ELSDE o83 4 A&5S dsto =5 AA8% S

Aol = UV, FT-IR, EI-/ESI-/FAB-MS, NMR (‘H/®C) S 7171848 o] &3le] o=
P A 384 44 CD/ORD, X-RAY %9
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1z
>
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i
o
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=
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=
O
o
2
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5
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ol
N
<
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ol
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bt/
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o
] A=l
il AFHTEY A%, F7HHQ AN A/RAWS ol gl T2
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A5F Al AF-ATAEHA L AT

=
F 34 dopAlel A HHAE o L BAAT@A, A
Fu3A A9 A4 3=

D.U. Lee, logy

treatedthapsigargin— JH. Kwak

stimulated U-87MG Cells |Y.S. Kim,
M.K. Shin,
M.C. Hong,
H.S. Bae

s wEAE #)2}1g AdE G| Aol | mpact | E screp
1 gamst ¢ o5, 7Y & 16 | 82-86 =) | SCIE
tetrachloride-induced 121 ¢ .
RV ) 2l AEA % | Therapeutics
hepatotoxicity in mice
S.H. Sohn,
E.]J. Ko,
S.B. Jeon,
The Genome-wide B.J. Lee,
Expression Profile of S.H. Kim, N toxi
eurotoxico
2 |Scrophularianingpoensis - M.5. Dong, AHF ERd SCI
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1 _
Q’EHL’L

(|

= AL
W% WA OEEE w4 say | dew | wax | SN
Simultaneous Az A,
quantification of four ulg =, Ay o5} 3]
major compounds in v &2, 7 383] 2007. 12. e
1 Gardeniae Fructus by EH ol &, 47153 4L 11 1= =
high—-performance 253 gh< 1] 3
liquid chromatography 374 4
Simultaneous HPLC
quantification of ulg
(E)-harpagoside, nNEA, Ay oF 3} 3
p—methoxycinnamic I AE &, #383] 2007. 12. e
2 acid, and F2H ol &, A71F3] 2 11 1% =i
p-methoxycinnamic =% 3 st 3
acid methyl ester in =72
Scrophulariae Radix
Inhibitory activity on
acetylcholineesterase 7th Joint
in vitro and memory ol &, Meeting of R
=IRE
3 enhancing effect in S 2~H =253 AFERP, 5030_% ( ;aﬂ j\]) el
vivo of the 5724 ASP, GA, ‘ -
constituents from PSE & SIF
Gardeniae Fructus
Protective effect of Kim JK, Yun| 7th Joint
ferulic acid against B NR, Kim SH, Meeting of 2008, obe )

4 carbon EH Lee DU, Kim| AFERP, 83-8 (18] 22) = A
tetrachloride-induced YS, Kang SS,| ASP, GA, ' o
hepatotoxicity in mice Lee SM PSE & SIF
Cognition Improving g =

Effects of the - AR Sk A oFsk 12008, 12.| 5 6 =
MIAE ) _ A &}
5 Components from 1 NESER 3] 3 TEdsta ) =
Gardenia jasminoides o] 5§
o A4 A4
we| LY 537 FUEDHY [ FUEHT | 2AEDUs | PCRF
2
NP EEE
¥ e} ddA A &8 odE FAHoRE V)ET)

o, Bl /Al 28
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1) Preparative isolation and purification of harpagoside from Scrophularia ningpoensis Hemsley
by high-speed counter—-current chromatography. Tong, S.; Yan, J., Lou, J. Phytochemical
Analysis (2006), 17(6), 406-408.

2) A sugar ester and an iridoid glycoside from Scrophularia ningpoensis. Nguyen, A.-T.
Fontaine, J., Malonne, H.; Claeys, M., Luhmer, M.; Duez, P. Phytochemistry (Elsevier) (2005),
66(10), 1186-1191.

3) Studies on the physicochemical properties, structure and antitumor activity of an
oligosaccharide homologue SnS-2 from the root of Scrophularia ningpoensis hemsl. Deng, ]J.-E.;
Zhang, J., Chen, X.-M.; Ke, W.; Tian, G.-Y. Chinese Journal of Chemistry (2004), 22(5),
492-497.

4) Phenylpropanoid glycosides from Scrophularia ningpoensis. Li, Y.-M.; Jiang, S.-H.; Gao,
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5) A new iridoid glucoside from ningpo figwort (Scrophularia ningpoensis) root. Zou, C. ; Yang,
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6) Liposoluble constituents from roots of Scrophularia ningpoensis. Li, Yiming; Jiang, Shanhao;
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Abstract - The fruits of Gardenia jasminoides Ellis have been previously reported to possess anti-inflammatory
activity. In this study, the constituents including geniposide, geniposidic acid, genipin and crocin were evaluated
for their effects on prostaglandin and NO production in an attempt to establish anti-inflammatory cellular mech-
anisms. Among the constituents tested, only genipin significantly inhibited cyclooxygenase-2-mediated PGE,
and inducible nitric oxide synthase-mediated NO production from lipopolysaccharide-treated RAW 264.7 cells at 10
-100 tM. Genipin also inhibited nuclear transcription factor-xB activation. Moreover, genipin showed in vivo anti-
inflammatory activity on A-camageenan-induced paw edema in mice (10.4-29.9% inhibition at 20-100 mg/kg, i.p.). All
of these results suggest that genipin may contribute to anti-inflammatory activity of the fruits of G jasminoides
and an inhibitory action on prostaglandin and NO production is, at least, the part of anti-inflammatory mecha-

nism of genipin.

Keywords: Gardenia jasminoides Ellis, genipin, cyclooxygenase, nitric oxide synthase, anti-inflammation

INTRODUCTION

Among various proinflammatory chemical mediators,
prostaglandins (PG) synthesized from arachidonic acid
(AA) play an important role in many inflammatory disor-
ders. Cyclooxygenases (COX) are the enzymes respon-
sible for synthesizing PGs. Especially, COX-2 (an inducible
isoform of COX) produces high amounts of PGs in
inflammatory lesions. In addition, nitric oxide (NO) syn-
thesized from arginine by nitric oxide synthase (NOS) is
also involved in some inflammatory disorders. In particu-
lar, inducible NOS (iNOS) produces massive amount of
NO in certain cell types including macrophages (Gallin
and Snyderman, 1999). Thus, it is worthy to evaluate the
effects of potential anti-inflammatory agents on prostag-
landin and NO production.

In Chinese medicine, the fruits of Gardenia jasmi-
noides Ellis (Rubiaceae) have been used on inflamma-
tory conditions, jaundice, diarrhea, efc (Bae, 2000). Previously,
the alcoholic extract of Gardenia fruits and geniposide
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showed favorable effects on soft tissue injury (Yao ef al.,
1991). Hydrophobic pigment in Gardenia inhibited IgE
production from rat spleen lymphocytes (Kuramoto et al.,
1996). In addition, the fruits of Gardenia protected from
pancreatitis by reducing blood circulation in rats (Jia et
al., 1993). Recently, genipin was found to inhibit iINOS
expression leading to reduced production of NO by inhib-
iting nuclear transcription factor-kB (NF-xB) pathway
(Koo et al., 2004), and it was also reported that genipin
and geniposide including the alcoholic extract showed in
vivo anti-inflammatory activity on several animal models
of acute inflammation (Koo et al., 2006). Although these
previous reports may explain some anti-inflammatory
property of the fruits of G jasminoides, anti-inflammatory
active constituents from the same plant material have not
been fully understood. Therefore, in the present study,
anti-inflammatory activity of geniposide, geniposidic acid,
genipin and crocin successfully isolated from the fruits of
G jasminoides was investigated using in vifro and in vivo
models to define anti-inflammatory activity further.
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MATERIALS AND METHODS

Chemicals

N-[2-cyclohexyloxy-4-nitrophenyljmethane  sulfonamide
(NS-398) was obtained from Biomol (Plymouth Meeting,
PA). 2-Amino-5,6-dihydro-6-methyl-4H-1,3-thiazine hydro-
chloride (AMT) was purchased from Tocris Cookson Ltd.
(UK). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and LPS (Escherichia coli 0127:B8) were
purchased from Sigma Chem. (St. Louis, MO). Lipofe-
cAMINE PLUS, DMEM and other cell culture reagents
including FBS were products of Gibco BRL (Grand Island,
NY). Protein assay kit was purchased from Bio-Rad Lab.
(Hercules, CA). Geniposide, geniposidic acid, genipin and
crocin (Fig. 1) were isolated from the butanol fraction of
the fruits of G jasminoides and their chemical structures
were identified according to the previously described (Lee
et al,, 2005; Kim et al., 2006). Test compounds dissolved
in DMSO were diluted with serum-free DMEM into appro-
priate concentrations. Final concentration of DMSO in the
culture medium was adjusted to 0.1% (v/v).

RAW 264.7 cell culture and measurement of NO and
PGE, concentrations

RAW 264.7 cells obtained from American Type Cul-
ture Collection (ATCC, Rockville, MD) were cultured in
DMEM supplemented with 10% FBS and 1% antibiotics
under 5% CO, at 37°C based on the previously
described procedures (Chi et al., 2001). Briefly, cells were
plated in 96-well plates (2x10° cells/well). After pre-incu-
bation for 2 h, the test compounds and LPS (1 pg/ml)

O0H

H
CHOH "
HOH
H o
H
gemiposide geniposidic acid

OH

genipin crocin

Fig. 1. The chemical structures of the constituents studied.

were added and incubated for 24 h. From the media, NO
and PGE, concentrations were measured. For determi-
nation of NO concentration, the stable conversion prod-
uct of NO, nitrite (NO,), was measured using Griess
reagent and optical density was checked at 550 nm.
PGE, concentration in the medium was measured using
ELISA kit for PGE, (Cayman Chem. Co.) according to the
manufacturer's recommendation. Cell viability was assessed
with MTT assay as described previously (Mossman, 1983).

Western blot analysis of iNOS

For measuring the protein level of INOS, Westem blot-
ting technique was used (Chi et al, 2001). RAW cells
were cultured in 6-well plates (5x108 cells/well) in the
presence or absence of LPS (1 pg/ml) with/without geni-
pin for 16-20 h. After preparing cell homogenate, the
supernatant was obtained by centrifugation at 15,000 g
for 30 min. Using Tris-glycine gel (8%), electrophoresis
was carried out and bands were blotted to PVDF mem-
branes. iINOS antibody (N32030, Transduction Lab.) was
incubated and bands were visualized with HRP-linked
secondary antibody (Cell signaling, Denver, MA) and
chemiluminescent reagent (Amersham, UK).

Electrophoretic mobility shift assay (EMSA)

RAW cells were treated with/without LPS and genipin
for 3 h. To prepare nuclear fractions, the cells were
washed with PBS, harvested and resuspended in 400 pl
of buffer A (10 mM HEPES, 10 mM KCI, 0.1 mM EDTA,
1mM DTT, 0.5 mM PMSF, pH 7.9) for 15 min on ice. After
10% NP-40 (25 pl) was added, the tubes were vortexed
vigorously for 10 sec. The nuclei were collected by cen-
trifugation at 5,000 rpm for 3 min and the supernatant
was saved as the cytosolic fraction. The nuclei were
lysed in buffer B (20 mM HEPES, 0.4 M NaCl, 1 mM
EDTA, 1 mM DTT, 1 mM PMSF, pH 7.9). NF-xB consen-
sus oligonuclectide (Promega) was phosphorylated by T4
polynucleotide kinase (10 units) with 10 uCi of [y-*2P] ATP
(3,000 Ci/mmol) at 37°C for 10 min. Unincorporated oli-
gonucleotides were removed by Microspin G-25 column
(Amersham, UK). Nuclear extract containing 5 pg protein
was incubated with 32P-labeled NF-kB consensus oligo-
nucleotide in gel shift binding buffer at room temperature
for 20 min. The incubation mixture was subjected fo elec-
trophoresis on a 4% polyacrylamide gel in TBE buffer
(0.5X) at 350V. The gel was dried and exposed to X-ray
film overnight at -70°C.

A-Carrageenan (CGN)-induced paw edema in mice
In order to examine in vivo anti-inflammatory activity,
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mouse CGN-induced paw edema assay was used
according to the slightly modified procedures of Lichtman
et al. (2004) based on the original methods of Winter et
al. (1962). Specific-pathogen free male ICR mice were
purchased from Orient-Bio (Seoul, Korea) and acclima-
tized in animal facility with standard lab. chow and water
ad libitum at least for 7 days prior to experiment. Test
compounds dissolved in DMSO were administered intra-
peritoneally to mice (0.05 ml/mouse). One hour later, 1%
CGN (w/v) dissolved in pyrogen-free sterile saline solu-
tion (0.05 ml/paw) was injected to right hind paw. Five
hours later, paw volume was measured using plethys-
mometer (Ugo Basil, ltaly). The paw volume increased
from the initial non-treated paw volume was regarded as
edema.

Statistical analysis

Experimental values were represented as arithmetic
mean+SD. Unpaired Student’s t-test was used to deter-
mine the statistical significance.

RESULTS AND DISCUSSION

It is well known that RAW 264.7 cells, a mouse mac-
rophage-like cell line, induce COX-2/iNOS which pro-
duce high amounts of PGs and NO by LPS treatment
(Chi et al., 2001). When LPS (1 pg/ml) was added and
the cells were incubated for 24 h, PGE, and NO produc-
tion from the culture media increased to 89.3+4.4 nM and
38.1+0.2 uM from the basal levels of 2.4+0.0 nM and 0.6
+0.0 pM, respectively (n = 3). When the compounds were
simultaneously added with LPS and the inhibitory activi-
ties were examined, only genipin significantly inhibited
COX-2-mediated PGE, and INOS-mediated NO produc-
tion from LPS-treated RAW 264.7 cells at 10-100 uM
(Fig. 2). Especially, genipin strongly inhibited NO produc-
tion (ICs, for PGE, production=58.0 uM), being less active
on PGE, production. Genipin showed 40.7% inhibition
against PGE, production at 100 uM, while other com-
pounds tested did not show a significant inhibition at the
concentrations up to 100 uM. Under the same experimen-
tal conditions, the reference compounds, NS-398 (selec-
tive COX-2 inhibitor) and AMT (iNOS inhibitor) showed
99.4% and 95.6% inhibition at 0.1 and 1.0 uM, respec-
tively, against COX-2- and iNOS-mediated PGE, and NO
production as expected (Fig. 2). At the concentrations
examined, all of the test compounds did not show cyto-
toxic effects on RAW cells revealed by MTT assay (data
not shown). The control experiment without LPS treat-
ment revealed that geniposide, geniposidic acid, genipin
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Fig. 2. Effect of the constituents from G jasminoides on COX-
2-mediated PGE, and iNOS-mediated NO production from
LPS-treated RAW 264.7 cells. (a) Effect on COX-2-mediated
PGE, production. (b) Effect on iINOS-mediated NO produc-
tion. Data points and bars represent arithmetic mean+SD (n
=3). *: P<0.05, **: P<0.01, Significantly different from the LPS-
treated control group.

genmipin crocin

and crocin did not significantly affect PGE, and NO con-
centration in RAW 264.7 cells at 100 uM (data not
shown).

In order to elucidate the cellular mechanism of NO inhi-
bition, INOS expression level was examined using West-
em blotting analysis. But genipin did not down-regulate
iINOS (Fig. 3a). On the other hand, genipin was demon-
strated to inhibit NF-xB activation revealed by EMSA
(Fig. 3b). It was previously reported that genipin inhibited
iNOS expression from macrophages at 300 uM (Koo et
al., 2004). In the present investigation, the maximum con-
centration examined was 100 pM, since the concentra-
tions higher than 100 uM are not likely attained in the
body by oral genipin ingestion. Thus, INOS down-regulat-
ing capacity of genipin could not be observed in the
present study. Our results clearly demonstrated that geni-
pin inhibited NF-kB activation, without iNOS down-regula-
tion at 100 uM. The precise reason for this inconsistency
is not known at present, but it is speculated that the sen-
sitivity of EMSA using radioactivity is higher than that of
Western blotting analysis using antigen-antibody reac-
tion. Therefore, it is suggested that genipin may inhibit
NO production at least in part by iINOS down-regulation
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Fig. 3. Westem blotting analysis and EMSA. (a) iINOS expres-
sion (Westem blot), (b) EMSA of NF-xB. Note: Genipin clearly
inhibited NF-xB activation, while no effect was observed on
iNOS expression at 100 M.

via NF-kB inhibition.

In addition, genipin inhibited CGN-induced paw edema
in mice by intraperitoneal injection. As shown in Fig. 4,
genipin showed 10.4% and 29.9% inhibition of paw edema
at 20 and 100 mg/kg, respectively. Some of anti-inflam-
matory activities of genipin were previously described
(Koo et al., 2004 and 2006) and NO inhibitory action was
repeatedly found in this study. But, the finding of COX-2
inhibitory activity of genipin is new and is important since
prostanoids play a critical role in some inflammatory dis-
orders. It is significant to note that genipin derivatives
such as geniposide and geniposidic acid did not show
anti-inflammatory activity in vitro probably due to inacces-
sibility to cell inside. The similar results were previously
demonstrated that some flavonoid glycosides did not
inhibit iINOS-mediated NO production from RAW cells in
contrast to the inhibitory action of the respective fla-
vonoid aglycones (Kim et al., 1999).

In conclusion, the present investigation has shown that

M
0.2 f
—_— *
g
g
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2
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0.0 >
10 4 20 100 mgkg
P Genipin

Fig. 4. In vivo anti-inflammatory activity of genipin (CGN-
induced mouse paw edema). All compounds were intraperito-
neally administered 1 h prior to CGN injection. P (predniso-
lone). Data points and bars represent arithmetic mean+SD (n
=5). *: P<0.05, Significantly different from the CGN-treated
control group.

genipin has anti-inflammatory activity in vitro and in vivo
among the constituents tested. Genipin inhibited COX-2-
mediated PGE, production and iNOS-mediated NO pro-
duction. Genipin may reduce prostaglandin and NO con-
centration in inflammatory lesions, leading to anti-
inflammatory effect. It is suggested that genipin, among
the constituents, may contribute to anti-inflammatory
activity of the fruits of G jasminoides.
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(Fig. 1-4. Seasonal variation of chemical contents in Citrus Peels)
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(Fig. 1-5. Variation of magnolol and honokiol contents in branches of M. obovata according to age)
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—80%), (6)

drying at 60" after freezing (—80°) and melting in the shade (2 days), (7)

drying in the shade after freezing (—80).

4]

-

(6)

(c) freezing processing

(5)

(4)

(3)

(@)

Contents of Free-Anthraquinones in Rhubarb (Rhizome of R. palmatum)
after Drying with Various Conditions

(a) natural drying: (1) drying in the shade, (2) drying in the sun.

(b) temperature control: (3) drying at 60°, {(4) drying at 90°.

(c) freezing processing: (5) drying at 60" quickly after freezing (

W: Rhein, O: Emodin, @: Chrysophanol.

Mean+S.D. (n=4).
Conditions

(1)

(a) natural drying | {(b)temperature control

(mg/g)

(Fig. 1-6. Variation of anthraquinone contents in Rhizome of R. palmatum according to drying

duration)
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2) Chemometrics®] % 8.4

o Chemometrics #?

Chemometrics 7] &2 HA13}ste] 3 Horzg 1970d o] Bl5¥ RO =R, 3shaddor AL go
HZHE A8, 784 RyS Fdto] 8% 35ty HAHE FE5 7Isoly 1 &8 WY
Ql FoF=

Fstal e 54

5)E Atgste Walel vz ke Aujel FTIR (Fourier transform
infra-red), NIR(near infra-red), NMR (nuclear magnetic resonance)s | Hl°]E|Z Chemometrics
7Ewg ol&ste] wAFoEM wE AZF Yo vl Aol Jhsd wekA] o] Yol Al A

(chromatograph

et AEoSS e mde] stelgt & 4 9l&. He Chemometrics 71&2 A48ty A&t
AR AE5S ThedtA steR FAFE A FEE adE Awske &4 W3 2
AVed. (EA 2HEZHA)

T84

Chemometrics ¢ 22 ASFAZEY 7S A Ae AiEE ZUH

A F7LEAY, AEAEE s S| al

ofol A &= 7led. 53 A%y o] vgd FH FFES FHst U= A
) 1=

Chemometrics 7|=& &8 A, #23%8 9 H7bol {83

i
rir
2,
T Hr
of
ot
)
2
|\
o,
M Q.
st
oft
o
rlr i)
e
L
o
E_‘
lo
-
(g,
il
o

i k=] AFE F3ol mel o]59 I, identity 2 XLAFE 7HE]7V]
HFE RS, HZ chromatographic

fingerprint technique2 AJoFe] FAHAHE 3 £ o ) o g we AlgEo #A
S L1 gEd, I olfE fingerprint techniqueo] A& AAZC EAo #AxE & HHy #
ofyzt, AEe] S TR, AEY F47HA dF F A= Wyolr] Wil 53] A
g B SFEE o] Foxl EFEE FAHY Ao a5 AsEHY 5L o B
T7373%¢] synergic effectell o3k Zlo] Bol AoF T FFrH o] Q= 5 7FA ] FgtEo] Aok
o] A& dixstrlelle ofeld SH¥ol 7] wWitol7le §h

o Fingerprint analysisi= AJ¢Fe] #F2H7IE 9t dgFozA WHONA =gt o, Jd-d=a 9l
= oW % olyE WHO (2000), EMA (2001) & W%Este] FaelAE dEoefe iy
HE R FAAE RFESE 7] A WHORE o] techniques &7 e A

o Fingerprint® 3¥3}3}i= chromatographic method®4+= TLC, HPLC, X-ray, CE S°] o™ =1
FolMx=  HPLC7F 22 A3 BAEFoR  Qlsto]  HAd9 wWRox AAXIL  UF.
Chromatographic fingerprint ¥ identity, ¥ $¢lol5, d3#A o] chemometricsE ©] &3 A& 2
fingerprintE Wngtozx AA=E F S
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Hol ENW FFE Rorel E37} F43 FAHD Ae

o 53 @ObE Hobel FAEHE AWuW BHZUAN IFEUAL MRS 621 BRA A 9
opitofe] 29 1 713 Mlas) % ) Sevtebl 1EAANS A3 Y= A0 HelsolAy] upebd gof
o FATANE Botol S5 AT PV & Y= W FEITY $59% A% 4U% F3
o BH A2 BEel, R A 3ES o FARAC /AT F A2 Aow 47y,

o "3 FDA® Guidance for Industry - Botanical Drug Products® Z<telsE (2000. 8) 5 2&EA

AepAA S B AL AT A AMTEe] 2hE wha,

o W3l 1994\d Dietary Supplements and Human Education Act B A Aste] IF%xE 38319

TS AARZAE, SFE Sol A FduEHz Jon I AFELEE 1997d 399 Eof A
= 9

2001 = oF 3639 E2 AT A gUE Boli & VleAAE dre=Ew
st

o FHRAANIH) Atsl7|#Ho g Ao =P A (NCCAM-National Center for Com- plementary

& Alternative Medicine)E F¢] 2001dd&= 19 de]e) A4HE Y3k v} 9L,
o FH i v SA AT A g Fokell gk AFS| A A=A 8o tiste] AP AF7

-

et 524 FaE stal v AA o= ek digh A - el dig FxvF FE skl 3l
o A9 HAg ARFE3F] Natural Product Pool Al8§ o2 28 J=F~ulg o)~
2 58 MEste] AAA HAZAAANLE SH8ta IS

o FHITEAANAE 1993 FE 1998A7A] Ao w7bE diAefste] g A HaAE AAs
of dizlelstel] wigh w7, A3 7bA], kA -FEA, HEAYD HE, F$ HA ol #a FA
Al He A= nk e

o Ao A 1003 MEE ek 4 2w ddig d7E FHE gom, dA AAAG HE
&9 80%E AASta i, 194U E=HE EHAAY FHFAE TSt AAFLA Ve Hd
T AelE M T uds ZRAES V| Fete] AFHor AU An AFAA A& Hrt
W] Vs S, 2Ev| Y Y, Vs SES % AahErIee] A, AlFe] tedks)
S AEE vEeEd o2a e

o T Stiulo]l @Akl SHEA WFLEA X E FHREI v FEHCA v, fRe B4 &
of ZAtal] V7t A AAIstE o] 7har 9lom, deF GAP, GMP, GSPAI =& Z=§ate] F43dw 4
td#eE B Al oz AE e
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AR AekAle] S (7F 20 AR o4

ul
= =
o HA B Wl A& % validation
- HPLCE o8& A 240w A=
5

5} H 2] validation
° 524751 A A 219 g9
Aelg s HY =1 4

° Fingerprmt-J ZFA

S|
ay

|
Hm
e
_‘;ﬁ,{

Az

R

gt

Sy (A o) §)

A

- HPLC chromatograme®l 2] fingerprint standardization
o Chemometricsell 23k 4= o3

- PCA ol o3 94+ i 7bs AR

AT

- - [e] =

- C18, =4 59 & 17443 & MeCN, HOAC, MeOH 59 ©°|l&% % PDA, ELSD 59
AE71% 238 A4 F29P 39

- 94 2 AAY 249 Ty

- BN AN A A4 F2Ev, §0/839) ¥, F2A2 LAY AAe 2AL T

- Aol B, AAAEY), A4 wAY 5 HH PARAL Y

o

Chemical fingerprint®] &4

- HPLC fingerprint 7-3: AHX|" AR o) D/B 1%, HPLC& softwareE %73 libray -3

- LC-MS/MS library +=: 7] librarydl £23te] 94& 359 librarys +5

- LC-MS/MS fingerprint DB} =

- Fingerprint®] #A: LS-MS¢ MS conditione <
$1F= 3FH, positive mode®} Bl dte] o] WS ME. Fragmentor voltageol whef b A
i peak®] ZE7F Eebd ¢ Qlonm HAo S HESHY] f8ke] 50, 150, 250 V To.= t}
el A =A. 7|2 0 7= scan modeol A MS fingerprintE 2FAlslH, T3 =& AL E o] &
3171 $18}e] SIM modeZ % fingerprint® 2HA].

- Fingerprint®] standardization: fingerprint analysis®] validatione relative retention time (the

[*

O}

150 =2 @Wo] o]8 X%+ negative modeE

ratio of peak rt of sample constituents to the reference standard)®} relative peak area (the
ratio of peak area of sample constituents to the reference standard)® 3} Reference substance
= 39E T 7FE bAsta vE seEY & EyEn, 4A €eobE 4 9= major compound
2 g BALe 7 AR tste] 5ubES A A]E Y relative it 2 area’t RSD7F 3% o] llof E%
= 3F EF 135 9l3to] & batch®] A& FE& 575 Fvste] 9] 229 RSD7}
3% ol EX5F 3 npX o R stability testE $lste] 4 AlRE 2447 &

of SE5 . oled @ Ak W9l ol BAA ol W o] APWWE K&
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a)

2 9 Aol Hg. F71M BPE AL o] g3kl 10-20 Ae] FY A

o= ¢1A £ <
o] AR FEEFT ¥E5 4 2% YEY+ common peaks ©] 2] & 9| fingerprint peak® A A.
=]
=

o Chemometricsol] o3 YAz &

- LC fingerprintE ©]&3 A (7] Q) F9: AXE AeFe] FHL2 ¥ F+3}4H fingerprintE ©] &3}

o] A A135} ™M principal componet analysis (PCA)E o] &3} A& F PCE o] &3¢ score plot
S AAdte] AA(719)S I (RG Brereton, Chemometrics: Data analysis for the laboratory
and chemical plant, John Wiley & Sons, Chichester, 2003).
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A3 AF-ATAERAY HF dFAT 23

3.1 X #}

7b A B9 AAE 3

o Aot g A At 655 et I 14T H TN 13 F, F 27 AR

(Table 3-1. Collected Gardenia samples)

=4k % At
No. T A 2HA] No. A 2HA]
S1 (10-6)  A&A% il S3 (10-9) AN H T
S2  (10-5)  GHA% e S4 S kA A T
X1 (10-17)  WFAH A sk S5 (10-10) El=n A
X2 (10-19) W+AH A sk S6 el A1 T
X3 (10-30) WTAH A 3k X7 (10-36) WTAE =
X4 (10-21)  internet AE 9 X9 (10-24) Ae=AH T
X5 (10-27)  internet AE 9 X13 (10-35) AM=A% ==
X6 (10-32) internet BAE G X14 (10-33) A=A =
X8 (10-34) internet A& A4 X15 (10-28) oi+A1% ==
X10 (10-22)  internet AqAd 1= X17 (10-23) oiF+A% T
X11 (10-25) internet Ad 2% | X18 (10-200 AeAH T
X12 (10-29)  internet A AA X20 (10-18) A1 0
X16 (10-27) wWH+AH S o =
X19 (10-31)  internet CE R NEAE el
el =2k 14% =7 s 13%
S: AAEY AFTAE. X Y A
No.ol 2&8%& F2x 7de AEME9/X1-20& PCA Ao AL&3 Alsd

N
)
o
juh)
i
ol
b
\
)
oify
39
%
(o3
9
&
=5
-y
o
o
o,
N
Ry
o
o Il
i)
fo
12
ol

o
HPLC profiles Fig. 3-1o YehAS. ZdlelA H= wpep 2ol Fo 5ol EF base line
separation®] ¥ %15
o gt Al AFFAAEFTYH TS ETH T o7 90% olieolH, XA AiEs HET T
2 A4 B peakst F RS

Ja1, mA Fepe] @owA
gov, ol

[e)
¥AEoR MHAsmA I} 3}t E 2 geniposidic  acid,

to by
L

o

2

i

>,

N

chlorogenic acid, geniposide 2 genipin® 4%
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Column Agilent Eclipse XCB C18 (4.6x250mm, 5um)

Wavelength UV 254 nm

Temp. 25 T

Injection volume 20 pL

Flow rate 0.8 mL/min

Time | Flow H-0+1% HOAc ACN+1% HOAc
0 90 10
5 85 15
. 15 85 15

Mobile phase 20 0.8 2 16
35 84 16
40 80 20
45 0 100

B solvent(%)

100 p-——————— =~ — -t -
80
60 F
40
20 F
—_—
0 " " " " " " " " "
0 5 10 15 20 25 30 35 40 45

Azt (Time)

(Fig. 3-1. Condition of mobile phase)

ETEEEIET ZanTR [TRT=)
2

3, geniposide

2, chlorogenic acid

1, geniposidic acid N 4, genipin
R Y

(Fig. 3-2. Retention time of standard samples and HPLC profile of Gardeniae Fructus extract

(1, geniposidic acid. 2, chlorogenic acid. 3, geniposide. 4, genipin))

2) A A} 3% 9] validation

7} Sample @ E& Ao Zx|

o Geniposidic acid, chlorogenic aicd, geniposide 18] 3 genipin 22} 1.0 mgS A &3] =35}l
HPLC-% DMSO 1 mLell #0]i o] AS stock solution® @ ©@AZ oz 3|4 35te] HAS wHEs
of I8 8oz At 47t 189 10 uLE HPLCE 2413} Chromatogram®]
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2 FHn FES AAe] hE PFAS FYste] FFANS AN FA
o ARe AH FEEACE FEF F FFH FE2RL 47 200 mgow A 2
o] HPLCE& DMSO €9 1 mlZ ¥ t}S 045 syringe filter® o33k oj A& Hoog Al g
stk Z17he] HAS 10 ulA 33] WHE3ste] HPLCE #A38te] &S AlLbstat.
b EEEY % UY
o 4ZFo] HFEEA dste] 94 fgE HH 7o HPLCE o] &3l 52 =Astgrt 7
HEFEFY TRE 91.2%-998%th o5 ARWEIH LS Fig. 3-2¢] HEtWR o 3}3E
T+Z%% Fig. 3-29F 2t}
geniposidic aicd chlorogenic aicd
Ll a1y J— ——
geniposide genipin
o ——h—{ B e - —
O ~OCH;
11
7 |
~.L-O
HOHzCllo (‘)H

MERE 33EHD

(Fig. 3-2. HPLC profiles of standards)
OQ/OH 0§/OCH3
6 s |§3 ] 6 5 <\|3
78|910 /OH NSO OH
—7 — o/ —
wonde W77 5o wonde BO7 T o
(Fig. 3-3. Structures of geniposidic aicd, geniposide, chlorogenic acid and genipin (from the left to
right))
o Z} ¥FFEY $EE geniposidic acid’} 91.20+0.16%, chlorogenic acid’} 99.86+0.07%,
geniposide”} 97.52+0.13%, genipin®] 92.06+0.10% ] 1 t}.
) ZeEe g
C EE 4FS 19, 79 0, 609 BAom ey dgny A Uit 4y 49 49
T 99-101% Fo2 60Y ouolA s A @ WHRBANE 1 o] WglslA] of
AL & 71 At (Table 3-2)
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(Table 3-2. Stability of standard samples (geniposidic aicd, geniposide, chlorogenic acid and

genipin) by storage days and temperature)

Conc. Observed conc. Average SD  Accuracy(%)

1 day 7 day 30 day 60 day

Compound Temp.

-20C 50.67 49.87 50.21 51.12 50.47 0.54 100.94
Chlorogenic acid
RT 51.72 5043 4936 49.74 50.31 1.04 100.63
-20C 50.28 4954 5142 50.87 50.53 0.81 101.06
Geniposide
RT 0 4911 5062 4899 51.23 49.99 1.11 99.98
5
-20C 50.98 4837 50.69 51.47 50.38 1.38 100.76
Geniposidic acid
RT 4998 51.13 50.72 49.12 50.24 0.88 100.48
-20C 5055 4872 5122 50.64 50.28 1.08 100.57
Genipin
RT 5092 4841 5152 49.69 50.14 1.38 100.27

b B8, AAA, HEEA R AZFEA

o 919 Ul 7HA AFAE digte] AFRAE HES Ay, b AR wRAA HAAHS JE
v F%<0 01 pg - 50 pgo® VEgow R EFEANe] WARE o &g ARHS A
1220992 4353 HHAHS JeElS. LOD LOQS &2 26ujol A 43|24 F5 3
#S UE S, Standard curvei Fig. 3-4°] Yel o W, HAAA HESA L Akt

A+ Table 3-3°] YEFH S

chlorogenic acid geniposide geniposidic acid genipin

(Fig. 3-4. Genipin, chlorogenic acid, geniposide and geniposidic acid standard curve)

(Table 3-3. Range, linearity, LOD and LOQ)

Compound Linear range Slope Intercept Correlation LOD LOQ
(ng/ml) coefficient  (ug/mD  (ug/ml)

chlorogenic acid 5-100 0.0010 -0.0133 0.9999 2.636 7.409

geniposide 1-100 0.0007 -0.0175 0.9987 2.136 6.909

geniposidic acid 1-100 0.0004 0.0005 0.9986 0.500 2.194

genipin 10-100 0.0008 0.0050 0.9990 1.111 3.444

LOD : 3 =S/N; LOQ : 10 = S/N (S : signal N : noise)

- 120 -



u}) Repeatability

o 7} Ao AAGS WFRETEZY "WARSR v WA ¥&# v FE A Hretention time)
of date] IS T3 S Hlo] i3 AdAA RSDE 0.3-1.8%, HEFE Al7tol] o3t

AHAA RSDE 05-1.1%We 453t ke Z Table 3-4°] YEMIA S

(Table 3-4. Repeatability (Genipin, chlorogenic acid, geniposide and geniposidic acid))

Peak area Retention time(min)
Compound
Mean SD RSD(%)  Mean SD RSD(%)
Genipin 0.021 0.00017 0.8172 25.67 0.2619 1.0201
Chlorogenic acid 0.042 0.00060 1.4184 22.08 0.11442 0.5181
Geniposide 0.071 0.00135 1.8764 24.27 0.28689 1.1820
Geniposidic acid 0.046 0.00191 0.3369 17.14 0.18801 1.0972
B}) Precision and Accuracy
o ZF A AW A tig I A, AEAAS FAT] ko] 37HA] FEel ko] aFFel
3 Wk AFS slow, A3 ASA, AUAS FQlsty] Ao 33U vRAAS sH
A, 43 ALAELe 4 AR WFFEEEHY Ja wWAHe ZE:8AE 4 AR WREE
Ao voja WAn e HEgrow v v NES(%)EA A5,
= 6.8%-105.3%Ao] o vERLE

o I A CV(%)E 022%-572%A=E BJow Accuracy(%)+=
Szt AEAdY A4S UEI S (Table 3-5, 3-6)

(Table 3-5. Intra-day precision and accuracy)

Intra-day (n=3)

Compound Fortified
(ng/ml) Obcsoeriréf.ed SD Bias CV(%) Accuracy(%)
20 21.3 0.000458 1.3 572 93.9
Chlorogenic acid 50 50.03 0.000503  0.03 2.32 99.9
100 102.35 0.000252 2.3 0.61 97.7
20 20.58 0.000208 0.58 1.23 97.2
Geniposide 50 51.90 0.000681 1.9 2.01 96.3
100 100.20 0.000351 0.2 0.48 99.8
20 20.98 0.000220  0.98 1.7 95.3
Geniposidic acid 50 52.36 0.000200 2.36 0.64 9.5
100 98.65 0.000451 -1.35 0.96 1014
20 23.03 0.000153 3.03 0.63 86.8
Genipin 50 50.33 0.002329 0.33 5.14 99.3
100 104 0.000200 4 0.22 96.2
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(Table 3-6. Inter-day precision and accuracy)

Inter-day(n=3)

Compound Fortified Observed .
(ug/ml) conc. SD Bias CV(%) Accuracy(%)
20 19.98 0.000348 -0.02  4.35 100.1
Chlorogenic acid 50 50.87 0.000145 0.87 0.66 98.3
100 103 0.000149 3 03 97.1
20 21 0.000689 1 4.08 95.2
Geniposide 50 50.98 0.000115 096 0.34 93.1
100 101.56 0.000478 156  0.66 98.5
20 19 0.001978 -1 417 105.3
Geniposidic acid 50 50.98 0.000897  0.98 2.9 98.1
100 104.3 0.000247 43 053 95.9
20 20.48 0.000699 048 2.9 97.7
Genipin 50 50.55 0.000478 055  1.05 98.97
100 99.54 0.000214 -0.06  0.24 100.5

A}) Robustness
o Ol FA & 2% Fol acetic acid’} 1%% H7FE o] YO E=Z gcetic acid®] FE W3l mE
retention time?] W3E AR I A= ofle] Heo o M= UE acetic acid?] &
Lo A% retention time o] A 29+, (Table 3-7)
o Column® (AlolAx ® A ZFAMM), column =43 AAAMHES vuslE A3 Accuracy’}
)

97%-108%= < Aols = 71 flas & & U+, (Table 3-8, 3-9)

(Table 3-7. Robustness of acetic acid concentration)

Acetic acid Retention time (min)
(mM) Rutin Chlorogenic acid Geniposide
50 27.617 21.427 23.903
100 2791 21.617 24.163
166 27.61 22113 24.073
333 26.297 21.486 25.620
RSD(%) 2.63 143 3.24
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(Table 3-8. Robustness of types of columns)

Compound Column Conc. Observed Accuracy(%)
(ug/ml) conc.
Zorbax SB-CI18
(4.6x150 mm, 3.5 m) 48.8 97.6
Zorbax XDB-C18
(4.6%250mm, 3.5 ym) 49.2 98.4
Agilent Zorbax
Chlorogenic acid SB-C18 (4.6%x150 50.2 1004
mm, 5 /m)
Supelco Ascentis
C18 49.2 98.4
(4.6x150 mm, 5 gm)
Waters Sunfire C18
(4.6x150 mm, 5 gm) 50.3 100.6
Zorbax SB-CI18
(46x150 mm, 3.5 m) 52.3 104.6
Zorbax XDB-C18
(4.6%250mm, 3.5 m) 50.6 101.2
Agilent Zorbax
Geniposide SB-C18 (4.6%x150 51.3 102.6
mm, 5 um)
Supelco Ascentis
C18 50.6 101.2
(4.6x150 mm, 5 pm)
Waters Sunfire C18
(46x150 mm, 5 m) 49.8 99.6
Zorbax SB-C18
(4.6x150 mm, 3.5 m) 52.3 104.6
Zorbax XDB-C18
(4.6%250mm, 3.5 m) 524 104.8
Agilent Zorbax
Geniposidic acid ~ SB~C18 (4.6x150 515 103.0
mm, 5 um)
Supelco Ascentis
C18 50.2 100.4
(4.6x150 mm, 5 pm)
Waters Sunfire C18
(4.6x150 mm, 5 sm) 50.1 100.2
Zorbax SB-C18
(4.6x150 mm, 3.5 gm) 52.3 104.6
Zorbax XDB-CI18
(4.6%250mdm, 3.5 m) 49.3 98.6
Agilent Zorbax
Genipin SB-C18 (4.6x150 51.9 103.8
mm, 5 um)
Supelco Ascentis
C18 49.8 99.6
(4.6x150 mm, 5 zm)
Waters Sunfire C18 179 053

(4.6x150 mm, 5 gm)
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(Table 3-9. Robustness of temperature of column)

Temperature of Conc.

Observed

Compound column () (ug/ml) conc. Accuracy (%)
RT 50.3 100.6
Chlorogenic acid 30 52.3 104.6
50 49.6 99.2
RT 51.2 102.4
Geniposide 30 48.6 97.2
50 - 50.3 100.6
RT 48.6 97.2
Geniposidic acid 30 49.6 99.2
50 53.3 106.6
RT 50.3 100.6
Genipin 30 54.3 108.6
50 48.6 97.2

o HH 24 AAD B &4

1 F=el

o A 1 g 95% ol 10 mlE o]&3Fe] Soxhlet,

R
it

o
=

fol

2 &, geniposidic acid, chlorogenic acid, genipin®]

geniposide®H& A

FARow & 9= Soxhlet &2,

= BFF= (reflux)o] 7HE £ WA 3oz

27

PR
eSS

ik H3lS. (Table 3-10.)

(Table 3-10. Comparison of Soxhlet, reflux, and sonication extract methods)

Extract method Compound Contents (mg/g)
Geniposide 7.08
Geniposidic acid ND
Soxhlet ] )
Chlorogenic acid ND
Genipin ND
Geniposide 2.90
o Geniposidic acid ND
Sonication . )
Chlorogenic acid ND
Genipin ND
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2) Aumdol] o HA FE2x7 HE
o AurjEH e A9 AunjdiE ZF do] Aurt HA v vrEo] & % F, oE S
Y T2 o A o] 2 A UEUEE FAEY o X7 B Alee o
o 99 mixgoeR s BE AES & 57 gl7] Wil A2 o d¥gow ¥ g¥E oy
= HA0E e w2 2. Auwjdre FHoEE AA, 7|AAd ZLoE o|EE F R
2% Hundye] 288 HAA @ F Qi B4, A9 dolyHZRE QW] Aile] &ols)
I AR A G A BA o] et AR, AR Av|E GUA7A] @ik Ao B QA
E A 9& ¢ U5 (Table 3-11)
(Table 3-11. Orthogonal design)
FE=WT ethanol(%) A 7H(h) T A(g) £ ujl ZF(ml) e
1 70 5 1 50 60
2 70 5 3 100 70
3 70 5 5 200 80
4 50 3 1 100 80
5 50 3 3 200 60
6 50 3 5 50 70
7 95 1 1 200 70
8 95 1 3 50 80
9 95 1 5 100 60
° Table 3-117 22 X750 gsto] F548 A2 T4 AR TS ALbst 23 Table 3-12
9} #Fo] chlorogenic acid®= 68 Z7olA 7Hd =¢koy AIE vu S v 739 H97F 7
A Egorm g AFAEY FHL XA 1 g2 200 mle] 95% ethanols o] &3l 14]7F FeF 70T
o FF3te Zlo] HAJ FoRE FstA &,

(Table 3-12. Contents of 4 standard samples(geniposidic acid, geniposide, chlorogenic acid and

genipin) according to different extraction methods)

Contents (ng/mg)

Number Geniposidic  Chlorogenic o .
) ) Geniposide Genipin Total
acid acid

1 0.38 1.82 10.10 Trace 12.30
2 0.50 1.92 10.68 Trace 13.10
3 0.49 1.88 9.89 Trace 12.26
4 0.26 1.42 9.10 Trace 10.78
5 0.10 1.17 7.04 Trace 8.31
6 0.14 1.99 14.24 Trace 16.37
7 0.56 1.87 15.18 Trace 17.61
8 0.54 1.87 13.68 Trace 16.09
9 0.33 1.67 12.54 Trace 14.54
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2}. Fingerprint analysis®] ¢] 3% Pattern #4939 &9
1) X2 A FAHE9] TLC pattern 4]
o A&} AFAAE L FEE U TLC 21S HESIN oY &4 TLCAANE g5E9 #2171 A

I 5 3% ARAEE R AR FEEC] E 4 TLC =312 RP-TLCE AH&383<

=

ko™ o] weo] TLC chromatogram¥} &uj A& o} 283 2. (Fig. 3-5)

= {1
X
o
oify

w ~ ACN : MeOH : H,O : Formic acid = 15:20:64:1
A= Chlorogenic acid
B= Geniposide
C= Geniposidic acid
S= A% FEE

" I & i
m A p Al Merck RP-18 precoated TLC plate

Uv254 10% HzSO0: Visualization: UV254 nm & 10% Sulfuric acid

(Fig. 3-5. TLC chromatogram and developing conditions)

o A7l HA TLC &27S o]§3t 7} 9™ Xx}e] TLC patterne ¥ adte] Horort TLC
pattern®. 2+ A 93ke] Ao]lZ AAE Y] e Ye (Fig. 3-6).

(Fig. 3-6. Upper : UV 254nm, Lower : 10% H>SO,)
Merck RP-18 TLC plate / MeCN:MeOH:H.O:Formic acid = 15:20:64:1 (1= geniposide. 2=
geniposidic acid. 3= chlorogenic acid) ST - standard. HS - Mean of Gardeniae Fructus

from KFDA / 1-20 Different places Gardeniae Fructus (20 places)
2) Chemometrics®ll 93k ¢4AHx] sy HE
7}) Peak standardization

o A BETORYE We 659 thE Aofol teh HPLCAAS 7 peakE9l BT S 71F0
] S 2=
= T

e}
2 Fe F P AT A48 BEE



+=41¢1 PCA

Sh
il
o

S3tAdt (Fig. 3-7). X3k o] peak 107015 AF&-3le] H-cluster ¥ 54
s

THE rud sarh

8
4
1 23 6 7 10
T T T A A A\? A A T 9 T T
0 10 20 30 40 50 60

(Fig. 3-7. Peak standardization)

2: Geniposidic acid, 4: Chlorogenic acid, 8: Geniposide, 9: Genipin. The other peaks are arbitrary

ones from standard Gardenia samples from pharmocognosy team
) H-cluster (*F%#4)

o Table 3-1°] el A eFA] H= H-clusters T3 2 7o +HS
49 AgA e XA (sample N. 1, 2, 3, 8, 10, 1= Sojdo=z 2
ARy T4 FAke] BAl= FAs8] yYEuA gk (A
). A DNA #¥ A3 X2, X5, X156+ #A A= AWy

] ket

N

Rescaled Distance Cluster Combine

CASE 0 g 10 15 20 25
Label Mum

(Fig. 3-8. H-cluster analysis for 20 samples)
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th PCA (43 &
q 3]

- PCA B42 BANE ¥ Ao FPem Uk 4 AT (Fig. 3-9). PCAY o# A3 oA
H-clustersh #]25:8 3162 Ve oi=e), obe] 2de]s wite] dgA9e X2 (sample No.

X1, X2, X3, X8, X10, X11)& Eo|do=w & 18
oAk AAl= gd38] YEhUA] 25 d & 2
A3} X2, X5, X165 ZAAE Ay E oy PCA +49 29k /A Holx ¢ghoh

Compaonent 2

(Table 3-13. Comparison of PCA result and DNA analysis of Gardenia samples)

of Qe H F 5 Ak AW FHAB

Table 1 3+%). g+ DNA 7+

No. AHA] PCA DNA No. AHA] PCA DNA
S1 (10-6) Sl - 22+ | S3 (10-9) 4 - EAA
S2  (10-5) A, - XA | S4 T -
X1 (10-17) A s - A | S5 (10-10)  F=ARA - 2] 2}
X2 (10-19) A g - 22| S6 Z 7 -
X3 (10-30) A 3= - 22| X7 (10-36) = - ] A}
X4 (10-21) A& o9A - 22 | X9 (10-24) =T - ] A}
X5 (10-27) A& 9H - ZAA| X13 (10-35) 5 - 2] 2}
X6 (10-32) A& 9H - 22+ | X14 (10-33) T - =] 2}
X8 (10-34) HA&E HF4 - 22 | X15 (10-28) = - 22| A}
X10 (10-22) A A% - 22+ | X17 (10-23) T - 2] ¢
X11 (10-25) A A= - 224 | X18 (10-20) = - X =}
X12 (10-29) ZAEAA - 22+ | X20 (10-18) I - 2| 2¢
X16 (10-27) =4k - 2] A} =
X19 (10-31) AF= TR L




ul, A E S LC-MS/MS pattern A E

o X A}o] A FAE thete] LC-MS patterns #4413 4

= MS pattern®] & HAEF A &t
4
B, 3
1 2
|
= standards
i - um.qd_uwayi__ejeraery___
b Pt S b

13> geniposidic acid

(Fig. 3-10. LC-MS/MS pattern)

ol A2 F AEHRY

o AR A AT AR Fo

W ST G T

s00
5000
4300
4000
3500

3000

WER Tom Tiow SampE T e

22 chlorogenic acid]’

e

ED
miz, am

o+

Fig. 3-107} #Zt}. Genipin® 7%

o

T BC R VEa T e IR T

3, geniposide

Wz amn

S Table 3-133 7t}

(Table 3-13. Contents of four standard samples in various Gardenia samples)

Sample Contents (mgig)
Ne. geniposidic acid chlorogenic acid geniposide genipin

al 1 0.074 +0.085 0.685 +0.693 13.476 £ 0.089 0.101 +0.070

;);F 2 0.129 £ 0.054 1500 £ 0.093 12791 £1.018 0.047 £0.032

? 3 0.183 +0.012 2,034 +0.107 13.703 = 0.650 0.003 +0.000

g_l & 0.148 +0.016 2038 +0.135 10411 £0.794 0.199 +0.019
6 0.156 +0.007 1613 £ 0.044 10608 +0.282 0.090 +0.003
1 0.012 £0.030 4992 £+ 0.990 8.230 +0.803 0.132 £0.100
2 0.076 +0.027 4.000 +0.377 8.707 +0.950 0.236 +0.097
3 0.084 + 0.062 0276 £ 0.056 11.120 £1.073 0.088 +0.014

#I 4 0.063 *0.056 3.144 +0.305 10.059 + 0.808 0.256 = 0.093

% & 0.045 +0.041 3587 +0.360 8192 +0.837 0.351 +£0.039
6 0.097 £0.030 2966 + 0.046 10150 +0.176 0.108 +£0.012
7 0.105 +0.038 0.708 £+ 0.450 8.404 £ 0579 0.086 +0.008
8 0.058 +0.010 4.700 + 0.351 12536 £ 0.929 0.340 +0.069
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Sample Contents {mglg)
No. geniposidic acid chlorogenic acid geniposide genipin

9 0.049 + 0.005 0272 +0.014 12571 + 0.600 0095 +0.016
10 0.068 + 0.008 3.378 £ 0.269 11.154 = 0.763 0205 +0.027
1" 0.148 £ 0.008 2776 £ 0.196 11.804 £ 0.725 0.338 = 0.057
12 0.134 £0.013 0.795 £ 0.074 9.828 +0.863 0,003 +0.000
13 0.051 + 0.003 1.795 + 0282 9.105 +0.389 0038 +0.050

T 14 0142 + 0012 3.102 + 0.200 156693 +0.739 0232 +0.166

g 15 0.064 £ 0.063 2015 £ 0.056 9.961 £0.176 0.003 =+ 0.000
16 0.127 + 0.007 2784 +0.172 9.108 +0.495 0334 +£0.019
17 0157 £0.013 2197 £ 0217 14.021 £ 1128 0.003 = 0.000
18 0.058 £ 0.051 1.060 + 0.033 8.908 +0.739 0.021 =0.026
19 0.066 + 0.004 2958 + 0.082 13.048 + 0.328 0.144 +£0.007
20 0.164 £ 0.014 2597 £0.223 9.389 +0.768 0.101 £0.014

- A% Fo) A

=]

3

9l

Me

p)
off

o] & Table 3-14¢9F Zt}.

(Table 3-14. Average contents of four standards in Gardenia samples)

Contents (mglg)
geniposidic acid chlorogenic acid geniposide genipin
Sz MER 0.114+0.039 2569+1.109 11.2041.741 0.145+0.101
e MER 0.097+0.053 17341177 10.88912.366 0.12210.118
HH B2 0.106+0.046 2.2014+1.269 10.95612.020 0.13310.114

- e Aol EA

Aow AAsE Ro
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3.2 a4t

7h AR AAE 3

RPN W R 635 Pl TN 14F U T 12 F, F 6% AEE I

LA oS
Sample Cultivation area Sample Cultivation area

Al 12-3 Andong B1 12-10 China

A2 12-8 Andong B2 12-11 Hebei, China
A3 12-9 Andong B3 12-12 Henan, China
Cl 12-14 Yeongcheon D1 12-17 China

C2 12-15 Andong D2 12-18 China

C3 12-16 Yeongcheon D3 12-21 China

C4 12-19 Yeongcheon D4  12-23 China

C5  12-20 Yeongju D5 12-24 China

Cce6 12-22 Yeongcheon D6 12-25 China

C7  12-27 Andong D7 12-26 China

C8 12-28 Andong D8 12-29 China

Cc9 12-30 Youngju D9 12-33 China
C10 12-31 Suncheon

Cl1  12-32 Uiseoung

AR MEe] 3 AR BEAe] AR W

Y. 3 HPLC £4¥H &% ¥ validation

= S 7} Aglient Eclipse XCB-C18 (4.6 x 150 mm, 35 ym) ZHE& 114
dow etal, Azt kel ftE =3 oHEUE"RS oo m AR A9t M+ 2
A& yehdigle™ PDA 4 A3 296 nmellA dEske o] d4 T 3d oA dEsdd o
sto] 7HE ASTHETE F3S ok Eell o] 20E A, 8okste] YEN o o] 7oA 9
HPLC profiles Fig. 3-13°] YeRAS. 27X Hi= npsp o] Fa 4EEo] 5 base line

separation®] ¥ %&

o H Al AFHJARZEH ¥ T T d

a1, "l A ko] WO Al THE peaket T ol ‘”E‘O%‘/‘rx] %= sgES At dis
TR MHAFuA Fgow, oI} AL ZA 7= 3gE 2 (E)-Harpagoside,
(E)-p-Methoxycinnamic acid ¥ (E)-p- Methoxycmnamlc acid methyl ester® 3% A3
S 39 trans FEHE AFHS (E)-p-Methoxycinnamic acid® 2%+ F 719 =22 yehy
= o] AL #YF F & el cis FHE IF7F A8E7] Wi Ao F5H. webA A
2o 2 ciss} transe &S (E)-p-Methoxycinnamic acid®] o =2 315 L-.

il

5
rlo
=]
FN
(3

S i&
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Column Agilent Eclipse XCB C18 (4.6x150mm, 3.5um)
Wavelength UV 296 nm
Temperature 25 T
Injection volume 10 pL
Flow rate 0.8 mL/min

) A: H0+1% HOAc
Mobile phase

B: MeCN+1% HOACc

Time Flow A B
0 5.7 24.3
18 74.5 255
20 0.8 50.5 495
35 48 52
40 0 100
1 1. (E)-Harpagoside

2. (E)-p~Methoxycinnamic acid
> 3. (E)-p-Methoxycinnamic

acid methyl ester

(Fig 3-13. Retention time of standard samples and HPLC profile of Scrophularia Radix

extract)
Peak No. 2 [(E)-p-Methoxycinnamic acid] might rapidly inter-convert into cis and trans forms,

therefore the sum of two peas were considered as (E)-p-Methoxycinnamic acid content.

9] validation

7}) Sample @ X FH9] XA

o (E)-Harpagoside, (E)-p-Methoxycinnamic acid % (E)-p-Methoxycinnamic acid methyl ester
27 1.0 mge 433 =%ste] HPLCE DMSO 1 mLell jo]lal o] A& stock solution® @
Aoz FMste] AAe Wi PUE stk Zze] mEeel 10 uLE
HPLC®Z £2*3}9] Chromatogrameol 41 2] peake WHS 3t
A At FalRe xS,

o 26%0 We HA FFzAo

EEgoow

Tg 1__
o] HPLC® DMSO €9 1 mlZ ¢ t}& 045 syringe filter® o] %3 oJAS Aoz ALg
stk Z17hel HAS 10 ulLA 33] WHE3ste] HPLCE #A38te] &S ALbstatt

b EEE €% U4
- 3%9 ®

EZ diste] kA SHE FHA
=+ Z+7Z} (E)-harpagoside : <

99.53%, p-methoxycinnamic acid methyl ester :

7o % HPLCE °o]&ste] £ & 453t &
= =

96.77%, (E)-p—methoxy cinnamic acid : <=
TE 99.96% 2 Sz sA dEbsTE (Fig. 3-14).
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1. (E)-Harpagoside

EoE 8 EHENKEENE EANA

----------------

2. (E)-p-Methoxycinnamic acid

-----------------

3. (E)-p-Methoxycinnamic

S AdUKHKARANBRANBRE

acid methyl ester

----------------

(Fig. 3-14. HPLC chromatogram of standard (E)-harpagoside, (E)-p-methoxycinnamic acid,

and (E)-p-methoxycinnamic acid methyl ester))

h #EEEe A

© XEW 3T 19, 79 309, 60 AL R ALa R A vEhte kg Ad A
AHREE 9% ooz 60 oM A2 H WARAANE T ko] watetA] gt
= A& & F7F v (Table 3-16)

(Table 3-16. Stability of standard samples ((E)-harpagoside, (E)-p-methoxycinnamic acid,

(E)-p—methoxycinnamic acid methyl ester) by storage days and temperature)

C Observed conc.
Compound Temp. (ugo/nnCﬂ) Average SD  Accuracy(%)
1 day 7 day 30 day 60 day

-20C 50.86 5058 50.11 49.27 50.21 0.70 100.41
(E)-Harpagoside
RT 5291 5054 5208 5057 51.53 1.17 103.05
-20C 4883 4921 5098 49.10 49.53 0.98 99.06
(E)-p-Methoxy 50
cinnamic acid
RT 51.48 50.32 4800 49.56 49.84 1.46 99.68
(E)-p-Methoxy -20C 50.63 4825 5047 50.49 49.96 1.14 99.92
cinnaminc
methyl ester R 50.32 5116 5139 5074 5092 047 101.81

eh) W19, A, HAEA R

: R
o Al ZHAl A ARl ekl AFHAE HED A 4 ARl wholA AA4e dElE s

e



10 pg - 1000 pgo = vepon R EFEA A WA E ol &3 A4S AT r2=2099%
Szt A4S YeERS T LOD9F LOQ9] B &2 26vfd A 4324 FEd s Yeb Sl
Standard curve: Fig. 3-15¢] YeR At B9, AXAA, A4 2 A=A =

ER LTt

<

(Fig 3-15. Standard curves of standard samples (1.(E)-harpagoside 2. p~methoxy—

cimmamic acid 3. p~methoxycinnamic acid Me ester)

(Table 3-17. Range, linearity, LOD and LOQ)

Compound MO TANEC siope Tntercept (ompetdtion  LOD - LOQ
(E)-Harpagoside 5071000 0.0861  1.6077 0.9987 2.738 7.124
P*Meth%%{ginnamic 107100 0.3066  0.5459 0.9967 1.088 2.926
p~Methoxycinnaminc 107100 0.8404 -7.8886 0.9976 0.322 1.172

methyl ester

u}l) Repeatability

o b AR WARES T REEde] wAgeR vx dAg vE 3 552 retention time)
dste] A tests FHsHAT ARl g 0.78-2.7%, w45 A17tel

=
T
e RE 443 £ JE w9 9

I
gk A4 RSD= 0.10-1.26%W o] #ho = vepytom) o] T

o2 AR (Table 3-18).

(Table 3-18. Repeatability)

Peak area Retention time(min)
Compound

Average SD RSD(%) Average SD RSD(%)

(E)-Harpagoside 52.7 0.9899 1.8785 9.0195 0.0092 0.1019

p~Methocycinnamic 9.15 0.071 0.7770 13.6988 0.1724 1.2587
acid# 22.5 0.2824 1.2684 16.092 0.0134 0.1143

p~Methoxycinnaminc
methyl ester 1.9 0.0578 2.665 21.4845 0.0474 0.1458

* Calculated as the sum of trans— and cis-isomer
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B} Precision and Accuracy

g
2

o AW 3% ABAR thote] FHUF BAEel B A Y, AUYS T
A el diste] shol 33 W 4YS sHom, A A, FUYL HAsH] A
3% MEARL FAsAT. A, A AV 2 YR WP EEEDO] peak AHH| Y ¥
FAAE 74 AR WREEEAC peak WAH S FRGOD i we] B0 Tk
thoo] wf 7zt AEAE] CV(%)E 0.26%-63%8 =5 HA 2™ Accuracy(%)+= 92.0%-108.6%AF
olZ WA ¢33 s YERHAT (Table 3-19, Table 3-20)

(Table 3-19. Intra-day accuracy and precision)

Intra-day(n=3)

Spiked

Compound conc. (ug) Ok(’%?fged SD Bias CV(%) Accuracy (%)
05 0477 0017 -0.023 3472 95.4
1 0944 0040 -0.056  4.187 94.4
(E)-Harpagoside 2 2171 0121 0171 5589 1086
5 4871 0091 -0.129  1.871 97.42
10 10037 0026 0037 0261 100.37
. , 0.1 0092 0006 -0.008 6307 92.0
p’Meth‘;%‘{gmnamm 0.5 0515 0010 0015 2026 103.0
1 0993 0005 -0.007 0465 99.3
. _ 0.1 0108 0006 0008 5214 108.0
D‘Mfrfg&ﬁcég?;fnmc 05 0486 0010 -0014 2086 97.2
1 1006 0005 0006  0.448 1006

(Table 3-20. Inter-day accuracy and precision)

Spiked Inter—-day
C d
ompotn conc. (ug) Obcsoenrged SD Bias CV(%) Accuracy (%)
0.5 0.465 0.025 -0.035 5.337 93.0
0.967 0.023 -0.033 2.377 96.7
(E)-harpagoside 2 2.113 0.080  0.133 3.777 105.7
4.801 0.141 -0.199 2931 96.0
10 10.119 0.084 0.119 0.830 101.2
) _ 0.1 0.101 0.001  0.001 0.774 101
p-Methocycinnamic o 5 0482 0013 -0.018 2608 96.4
1 0.938 0.044 -0.062 4.699 93.8
0.1 0.108 0.006  0.008 5214 108
p-Methoxycinnaminc _
methyl ester 0.5 0.469 0.022 0.031 4.675 93.8
1 0.994 0.004 -0.006 0.394 994
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A}) Robustness
o olF A &wj 2% Fol acetic acid’} 1%% FH7lHo] Qo= E acetic acide F= W3lo] wE
retention time®] W& g1ttt 1 A ol o] e} Zo] AR ThE acetic acid®] FEAE
retention time *Fol= A ¢¥Al YEFSET (Table 3-21)
o Column® (AFo]= % A ZFAMY), column ==H o] 1S vludlE Ay A2 A 50C7HA =
[e]

al
accuracy”’lF 94%-108% = & #olE & F7F 9IS & & AAHh (Table 3-22, 3-23)

(Table 3-21. Robustness of acetic acid concentration)

Retention time(min)

Acetic acid

cone..(mh) (E)-Harpagoside Ggi)r;rllgrlr\l/{gtggéy cinnarrlljigl\g(é%ol)\(/lye ester
50 mM 9.13 15.17/17.72 30.70
100 mM 9.47 15.32/17.84 30.74
166 mM 9.65 15.47/18.25 30.69
333 mM 9.82 15.10/17.61 30.05

(Table 3-22. Robustness of types of columns)

Conc. Observed Accuracy(%)

Compound Column (mg/ml)  conc

Zorbax SB-CI18
(4.6x150 mm, 3.5 m) 52.3 104.6
Zorbax XDB-C18

(4.6x250mm, 35 m) 473 946

(E)-Harpagoside Ag(jznxtlgg rrt;ii S5B;H§ 18 49.6 99.2
S\%f glffg)oz f‘;%?fé%}j 476 95.2

(46150 rom. 5 2a) 02 1004

(4.625{153(&)1Xm§r11?,)7??%8um) 50.5 1010

A({figi?%;ém?Bg_S%%lg 51.6 103.2

(g)n_lgé\l/i[ftggféy 522?15(32 mii, 5 %“{8 50 49.6 99.2
‘(12,; 150 frf;mgs - 198 99.6

Zorbax SB-CI18 498 99.6

(4.6x150 mm, 3.5 /m)
Zorbax XDB-C18

(4.6x250mm, 35 sm) 621 104.2

Agilent Zorbax SB-C18

p~Methoxy cinnamic . 101.2
acid Me ester 5(4.61X150Amm, 5 /gll)g 206 0
upelco Ascentis
(4.6x150 mm, 5 ym) oL 102.2
Waters Sunfire C18 498 99,6

(4.6x150 mm, 5 gm)
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(Table 3-23. Robustness of temperature of column)

Compound Tem%)%rsature (Ego/nncﬂ) Ol)csc)%”ged Accuracy(%)
RT 51.3 102.6
(E)-Harpagoside 30 54.3 108.6
50 48.2 96.4
RT 50.2 100.4
(E)-p-Methoxy
cinnamic acid 30 50 52.3 104.6
50 51.2 102.4
RT 52.3 104.6
p-Methoxy
cinnamic acid Me ester 30 519 103.8
50 487 974
o HA B4 dAE HHe g9
1) F=9Hd E 88
o @Ak HA FE2x2US FH37] fste E3 AMEHE FEHA 2 d4 F ALY dF W
5l 2 AESY] Btk A4 1 g@ 95% o2 10 mlE ot E ¢ o] soxhlet, reflux @ =83}
5 7R FEHOR F&F 3 A¥ A FEAE 3 (p-methoxycinnamine methyl ester)e] 4 -$-+= & A
o7} iy A FEAE 1 [(E)-harpagoside], 2 ((E)-p-methocycinnamic acid)9] 4% soxhlet &
=Wol] sonication &% HT} 154 7[7lo] =2 &S YWE AL FAsA T wpelA] Soxhlet 5
=Wol 7Hg Atk Ao AaE Ao AAdoly guje] B3 & adste] dRFES A
319t (Table 3-24)

(Table 3-24. Comparsion of soxhlet, reflux, and sonication extract methods)

Soxhlet Reflux Sonication

Standard 1 2 3 1 2 3 1 2 3

mg/g 1207 291 0065 816 244 0.060 824 174 0.062

1, (E)-harpagoside 2, (E)-p-methoxycimmamic acid 3, p-methoxycinnamic acid Me ester

Are] HA FE8ulet A, Sulet 84 S ZUI9E] A unjE R (Table 3-25)5 o] 8314
shaks B4 2 A (Table 3-26), 81 =719 A4 3 g8 50 mle] 95% ethanols ©]&3}¢] 1



Al 7F =o

LA LS

rie

Zlo] Al Aoz whaslrt

B

z3}

"

¢

(Table 3-25. Orthogonal design for optimal extraction condition)

No. Ethanol(%) Time (h) Sample (g) Solvent (ml)
1 70 5 1 50
2 70 5 3 100
3 70 5 5 200
4 50 3 1 100
5 50 3 3 200
6 50 3 5 50
7 95 1 1 200
8 95 1 3 50
9 95 1 5 100

(Table 3-26. Contents of 2 standard samples ((E)-harpagoside, p-methoxy cinnamic acid

methyl ester) in each extracts methods)

Contents
No. . (E)-p~Methoxycinnamic
(E)-Harpagoside (mg) acid methyl ester (mg) Total (mg)

1 8.49 0.029 8519
2 9.32 0.040 9.360
3 891 0.036 8.946
4 7.21 0.029 7.239
5 6.85 0.032 6.882
6 6.72 0.047 6.767
7 9.94 0.045 9.985
8 10.95 0.056 11.006
9 10.84 0.051 10.891

2}. Fingerprint analysis®] 93t Pattern 49 &

1) @4t A EAE2] TLC pattern #4]

o A AmAE R FEE UF TLC 28 ARESACY &4 TLCAANE 3gE9 #a7 A
2 A FEEd dF H4 TLC =12 RP-TLCE AH&a3lS

=)
;o] e &1 A& MeCN:MeOH: H:O:Formic acid = 45:20:35:1 H| & & 3}

pattern ‘gl A
3-16).
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(Fig 3-16. TLC chromatogram of various Scrophulariae Radix. Upper : UV 254nm, Lower :
10%6 H.SO4, Merck RP-18 TLC plate / MeCN:MeOH:H:O:Formic acid

= 45:20:35:1
(1=(E)-harpagoside, 2=(E)-p-methoxycimmamic acid, 3= p-methoxy- cinnamic acid Me
ester) 1-20 Different places Scrophularia Radix (20 places)

2) Chemometricsoll 2] 3+ YAF%]

7}) Peak standardization
o Al obdo]]}q DNA7]'%°] Zy

rBL
(@)
o
fo
o,
=t
o

3% peak 3709} v A 9] peak 7
sttt (Fig. 3-17)

M= & 10709 peak =S \_“/—‘13}04 z+E

E 4

Il MO
: : A i)
0

I
10

(Fig. 3-17. Peak standardization)
1: (E)-p~Methoxycinnamic acid methyl ester. 5

. (E)-Harpagoside. 8: (E)-p-Methoxycinnamic acid

methyl ester. The other peaks are arbitrary ones appeared from standard Scrophularia provided by
pharmacognosy team

) H-cluster (%
o H-clusterS %3
3o

T AT (Fig. 3-18). ofefl oA HE
2kel AAZE & T

Lo Faad #
7F St} A RF C4, C5, C10+= =4tolgta Fufl 313
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A FHkd 7hsAdel e, D39 49w Faatelgta pujstd oyt ik 7hsAd

T
30 A

HClust for test3a2 of ALL

(Fig 3-18. H-Cluster for Scrophularia Radix (20 places))
(7} Alge] 7|5 st 1315 S #Hx)

th PCA

o Ao A Kol PAC(FAEEA)S Sl + MY ¥de s & AR (Fig. 3-19) 1 A3
H-cluster®} v]<=stA v AL & 471 v} A9 H-clusterd 3¢} 7o) C4, C5, C10& =4k
ojgbal uf st oyt BEAAN FHAY Jhsdo]l Bon, D39 Agw TwAtelal kgl
o A TheAde]l Atk (Z AR 7S tistele 1145S Fx).

o FAAE AgE e A, At E o] &F TF AHE =, C4, C5= HAH(S. buergeriana)
ojom, Cl02 =atdatom et stloy, 5% 23 T=AA(S. ningpoensis)©] A
o, D3v TxdMor sttt Hodoy w4k AA(S. buergeriana) 0.2 S = A&

=

Fanny for testJa2 of ALL

i T T e

ol
Hl
e

(Fig. 3-19. PCA for Scrophularia Radix (20 places))
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o oo DNA Z7Hd

(Table 3-27. Comparison

DXEESS

of PCA result and DNA analysis of Scrophularia samples)

i
ol
AL

of
S

[ex]
AN

04

04

PrinComp
00

05

Comp.1

for test3a2 of ALL

10

o

(E}-p-Methoxycinnamic acid

04

w
r o=

{E)-Harpagoside

.. w
- =

(Fig. 3-20. PrinComp for Scrophularia Radix (20 places))
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No. s PCA DNA" Sample Zojx PCA  DNA
Al 12-3 =2k d=2F =2 Bl 12-10 oA A SarAk
A2 12-8  et=AF sh=4F kA B2 12-11 =2 S35 F34k
A3 12-9 sk =4k =p2r B3 12-12 =4F 34 =4
Cl  12-14 @=p4F g2k =k D1 12-17 &=04F S04 T34t
C2 12-15 &4t b=t skbAF D2 12-18 Tt b S
C3 12-16 =4k sk=At =4k D3 12-21 A Sk Skrak
C4 12-19 =4k Fak T4 D4 12-23 TAF oAb Tt
C5 12-20 3=t =4 SAF D5 12-24 T S S
C6 12-22 =4t b=t sAF D6 12-25 Tt S S
C7  12-27 &=k 3=t Ak DY 12-26 A Sk Saral
C8  12-28 &=Aak skt Ak D] 12-29 Tt Sk Taralk
C9  12-30 =k skt Ak D9 12-33 St Sk Ttk
Cly 12 31 wgr=A s =54
Cl11 12-32 =43¢

SAb Y} =4S 242y S, buergeriana$t S. ningpoensisE ¢ w| 3F
2}) Princomp 4
o PrinComp #4 A3}, PCAAA F 719 FHo] FAHE= FH olf&
(E)-harpagoside ¢ (E)-p-Methoxycinnamic acid®l] ]3] Uyl &= Aoz Az

axe F A

(Fig. 3-20)

o
RS



ol A FAE9 LC-MS/MS pattern A E

o dAilo]l thste] LC-MS patterns w43+ A3+ Fig. 3-213 2

1. Caffeic acid 2. Coumaric acid

si EINR I N

3. Ferrulic acid 4. (E)-Harpagoside 3. pMethoxy 6. pMethoxy
— . wvee—— oinamicacld - cinnamic acid Me ester

|
11
sl
.'I.'- i
111111111
F tc ittt

o ZF A QoA FH e AN F FHE ETE 3T FEES 7 A A Ao AS Tk |t
of vl EFF ko] 5 =A YeE T (Table 3-27, 3-28). (B)- arpagos1d69] AL A g
rhol Tt dAatE o Wt 3w =4 vElhd AR dEA) VEEAEA AR ¢ 9
S Zog Hadr
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(Table 3-27. Contents of standard compounds in various S. Radix)

Contents (mg/g)
Sample No. . 'E)-p—~Methoxycinnami ~Methoxycinnamic acid
(E)-Harpagoside B e;c?dyc ame b metﬂyl ester
Al 7413 = 0.013 2.318 £ 0.001 0.070 = 0.001
fvl A2 5550 = 0.026 3.039 + 0.001 0.061 = 0.002
. A3 6.072 + 0.089 1.836 + 0.002 0.046 + 0.001
Zﬁ’] B1 1.839 £ 0.009 0.739 = 0.003 -
3 B2 3.623 = 0.007 0.896 = 0.005 -
B3 1.835 + 0.002 0.329 = 0.002 -
C1 1.997 £ 0.039 1.811 + 0.011 0.033 = 0.001
C2 4647 = 0.119 1.716 + 0.036 0.038 + 0.001
C3 2496 = 0.064 1.236 + 0.023 0.022 + 0.001
C4 2.021 = 0.050 0.328 + 0.008 -
D1 0.724 + 0.030 0.209 + 0.007 -
Ch 0971 + 0.028 0.284 + 0.007 -
D2 1.131 £ 0.036 0.209 + 0.006 -
D3 3.414 = 0.130 0573 = 0.012 0.023 + 0.001
N C6 2484 + 0.071 1.743 + 0.028 0.028 + 0.001
BN D4 0.788 = 0.022 0.425 = 0.008 -
%?'_ D5 0.841 + 0.031 0.376 = 0.008 -
D6 0530 = 0.016 0.266 = 0.007 -
D7 1.033 + 0.034 0.493 + 0.010 -
C7 2518 + 0.057 2.072 £ 0.015 0.038 = 0.001
C8 4574 + 0.083 2.335 £ 0.017 0.034 = 0.001
D8 0.663 = 0.002 0.842 + 0.013 -
C9 3.209 + 0.011 1.485 + 0.007 0.037 = 0.001
C10 0.352 + 0.001 0.098 + 0.001 -
Cl11 2526 = 0.017 1.356 + 0.014 0.029 + 0.001
D9 0.796 + 0.011 0526 + 0.005 -

(Table 3-28. Average contents standard compounds in S. Radix.)

Contents (mg/g)

(E)-Harpagoside (E)-p~Methoxycinnamic p-Methoxycinnamic acid

acid methyl ester

Korea 3.349 + 1.947 1.482 + 0.851 0.038 + 0.014
China 1.254 + 0.900 0.482 £0.245 -
Average 2.302 + 1.481 0.982 £ 0.706 -

2ol 3tg-aFo] AAFT+10-20% W 3
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Ab) Robustness
o A& YE gcetic acid®] TE|AE retention time Aol I A Fko™ column®E, column
2y AAXHS vusE A3 Accuracy’t 97%-108% % 2 zolE & Ut S & F

o #A 24 AA dHe g4
D FEwyel e 58

L_% o
e B3FF=E (refulux)e] 718 =& e A

2) Aaejdgel o HA F2xd A=
o AFAE] FEL AR 1 g& 200 mle] 95% ethanolS o] §3ke] 1417 Eek 70T F&3
el A4 Ao AL

2}. Fingerprint analysiso] €3t Pattern 24 H<9 & dH

1) A A FAE2] TLC pattern +4]
o H## TLC %712 RP-TLCE At&atds o 7Hg £skom, o542 ACN @ MeOH @ H:O
Formic acid = 15:20:64:1°] 7} <9<

o A7l HA TLC x=1S o]&ste] 7} A9 Az#ke] TLC patterns Hlwste] H o TLC
patterno. 2+ A A 3te] 2ol & AAF] o H A=
2) Chemometrics®l] 23t ¢A4kx] FHH HE

7} Peak standardization
o & 10709 peak areas EA TR W WHEZ ALEE o] H-cluster @ FAEEXQ PCAS &
3 +HE Yraa 59

1) H-cluster (= E#4)

o AR T ARHeld AFH ARE EFH PP ARE BAAPAN AdF A9E
H-cluster® 31 2 718 292 s & 998 o 2% AgA9ge A4E Sogoz ge
Sl g el & & Ao FHAW FAe] A F3 vEhiA 2o

t}) PCA (F4 A
o PCAC] 93t A3 9A H-cluster?t ¥]<=3 €lS EY
22 5 S 82 5 S AR T a4

%E 1l L 5
3 DNA 7td 239} PCA 2 H-clustering®] 235 443 5+ Je NI HolA] s

L= =
RLEE T

=

vl A FAE S LC-MS/MS pattern A E
o X 2}Fo] X EAE] sl LC-MS patterns 24139 <.

o 2} o A Tﬂﬂ-ﬂﬂ‘vﬂ AgAEel ¢Ee F9w

S

4 Aqub o g A sl 4 S, geniposide?]
AA HL 0.106+0.046 mg/g, chlorogenic acid:= 2.201£1.269, geniposidex= 10.956+2.020,
genipin< 0.133+0.144%1 5.
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I A3 CV(%)E 026%-63%AEE HIF o™ Accuracy(%)E  92.0%-108.6%AFo] 2 H| u 4
Fog s UEid S
v}) Robustness
o &2 & acetic acid®] F
<5l dAAdE vusE Ay F2dAM 50C7HA = accuracy”’F 94%-108%= & #ol& =&

2~ olo
2 T A»we.

To A% retention time Aol I A Z%owW, column®, column
A

1) FE2WHed & &
o Soxhlet, reflux ¥ %3 5 37[1X FEHoZE F= 3+ A p-methoxycinnaminc methyl
estere] 7 2 zol7E gley

= A E)-harpagoside, (E)*p*methocycinnamic acide] 4%
Soxhlet &% ©] sonication F%
23}
-1 H

(
uoh 15W 7ol e e U e SRS, 1

Z+4 Soxhlet F&W o] 7H4 o HAog FukE o) AAA O]‘/} nje] B33 55 1Y
st A FFES A

2) Auwjdol o3 HA FEx1 HE

o HA4 3 g& 50 ml¥ 95% ethanolS ©]&3lo] 1A &<k FE3= Aol HAQ Aoz HAds)
e

Z}. Fingerprint analysiso] 9] % Pattern 4 ¥ 9 &Y

1) @4 AEA ] TLC pattern 4]

o A TLC %71 RP-TLCE AMEsIAS o 7bd Fdow, o542 ACN @ MeCN:MeOH:
H.O:Formic acid = 45:20:35:1¢] 7} £%ks

o 47l HA TLC &g ol&ste] 7} A dite] TLC patterne Hlalsle] H oS
pattern el A= (E)-harpagoside®] o] A3t woll A & A& & + AN

2) Chemometricsell 9]st 4k=] #¥y HE

7}) Peak standardization

o Z 10719 peak areaZs SAZE W] WER ALEEe] H-cluster ¥ FAEEAQ PCAS &
3 THs Wra shds.

1}) H-cluster (&3 &4)
o H-clusters 3l F+ 7o +d& U= + A= oAby 2Ake] AAVE s UEyeE
T ot BAAy Fakd 7 A
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