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Standardization of Herbal
Medicine in Korea: Applications
to Development of Botanical
Drugs

Yeong Shik Kim
(Seoul National University)
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Why do we need?

Increase of Domestic Consumption
Dependency of One Chemical Marker
|
Bac kg round Safety, Adulteration
e
Low Quality on the Market

/4
Ambiguity of Origins

. " KFDA 2005~
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ZH AR 1 =2 ALY EF 3EMY| THJA =8 List

Btk Jl=/Hl &y Ext. ANEES
= ES S|t O\ R X [eonurus japonicus Houtt. H,O PRS0
Leonuri Herba AR X Leonurus japonicus Houtt. 70% EtOH XA
Il = Aot WA Cirsium japoincum DC. H,0 =
tiA Cirsium japoincum DC. 70% EtOH H@=
_ EH 3 B At A2 Cirsium japoincum DC. H,0 wa|
Cirsii Herba TH 2 Cirsium japoincum DC. 70% EtOH wg)
N=el0l DA Carduus crispus H,O X A5
Hlw Aok
N=2H0IL A Carduus crispus 70% EtOH A as
E.FF"'I.} Sl 227 Cyperus rotundus L. H,0 BwaEI|
Cyperi Rhizoma 85X Cyperus rotundus L. 70% EtOH | =g|=J|
=3 &3t Carthamus tinctorius L. H,0 =
. J| =2 Mok
Carthami Flos 83| Carthamus tinctorius L. 70% EtOH =
Sl et S8 S M Cordalis ternata Nakai H,0 90I1ED|
S/ S M Cordalis ternata Nakai 70% EtOH | HOI=DI
& §A_|u M S M Cordalis yanhusuo W.T.Wang H,0 go|=D]
Corydalis Tuber A5 M Cordalis yanhusuoW.T.Wang | 70% EtOH | SOIED|
M SRS M(ol®R) Corydalis decumbens H,0 gojgeel
S SM(oIH ) Corydalis decumbens | 70% EtOH gojseel

(2009.11.25 $XY)

=Y

Apigenin, Apigenin 7-glucuronide, Diosmin, Hesperidin, Genkwanin,

Flavonoid Luteolin, Luteolin 5-glucoside, Luteolin 7-glucoside, Rutin

oo 4

Berberine, Canadine, Cheilanthifoline, Columbamine, Coptisine,
Corydalmine, (+)-Corydine, Corydine methiodide,

Alkaloid Demethylcorydalmine, Glaucine, Hemiargine A, (-)-Isocorypalmine,
Leounurine, 10-O-methylhernovine, n-Methyltetrahydroberberine,
Norglaucine, Norycorydine, Ovigerine, palmatrubine, Protopine,
Reticuline, Stachydrine hydrochloride, Tetrahydrocoptisine

23

Lignan Liriodendrin, Paulownin, Pinoresinol diglucoside, Syringaresinol

Campbhene, 1,8-Cineole, p-cymene, Limonene, Loganic acid, Loganin,

Monoterpene B-Pinene, Sweroside

Ajugol, Aucubin, Bartsioside, Caryophyllene oxide, Catalpol,
Cyperene, Cyperol, a-Cyperone, Cyperotundone, 6f3-
Hydroxygeniposide, Geniposidic acid, Geniposide, Nootkatone,
Patchoulenone, B-Selinene, Valencene

Sesquiterpene

15

Diterpene 15,16-epoxy-3-hydroxylabda-8,13(16),14-trien-7-one

Triterpene B-Amyrin acetate, Hederagenin, Lupeol, Oleanolic acid, Ursolic acid

20




Akebia saponin D, Akebia saponin PA, 3-O-a-L-
Arabinopyranosylhederagenin28-O-3-D-glulcopyranoside,
Saponin dipsacus saponin A, dipsacus saponin C, 3-O-B-D-glucopyranosyl- 6
(1-3)-a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl hederagenin
28- O-B-D-glucopyranosyl-(1—6) -B-D-glucopyranosyl ester

Tannin Ellagic acid, Epicatechin 2

Chrysophanol, Emodin, Emodin-8-O-B-D-glucopyranoside, 2-Methoxy-

R stypandrone, Piraceatannol-3’-O-B-D-glucopyranoside, &-Viniferin

Pyrone coumarin

Sterol Dacusterol, B-sitosterol, stigmasterol, Stigmasterol-3-O-B-D-glucoside

Fatty acid Linoleic acid, Trilinolein

Acteoside, Caffeic acid, Chlorogenic acid, Coniferin, p-Coumaric acid,
Desoxyrhaponticin, 3,4-Dimethoxycinnamone, Ferulic acid, Isoferulic
Phenolic acid, Isorhapontincin, Hydroxybenzoic acid, 2-methoxy-4-hydroxy- 18
anthraquinone-6-O-B-D-glucopyranosid, Physcion, Piceid,
Rhapontigenin, Rhaponticin, Vanillic acid, Vanillyl alcohol

Eleutheroside C(Ethyl a-D-galactopyranoside) , Ethyl f-D-
fructofuranoside

NiFDS 2009t i AT SIXHE I}

cCIBElE &5 1062

KPOA 1818 72AIY 40 YHS|

Study on the Isolation of Bioactive Components from Oriental
Herbal Medicines (Scutellaria Roots)

Dong Hwa Lee, Su Jin Jeon, Kun Ho Son

Department of Food Science and Nutrition, Andong National university
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o () B E N(Labiatae)
< (B9 4M 2 E Scutellaria baicalensis Georgi & £ U5 W B2
(§E)HIAZ NG, Ok, NALOIT, AGNME Ol §
S(MA)E, HE
(N8 balcalm baicalein, wogonin, oroxylin A, flavonoid(5001 &),
benzenoid & = X (2004 &), a-pyrone, monoterpenoid, diterpenoid, lipid, phenylpropanoid, protein, sesquiterpenoid, sterondD
(NERE BN baicalin - G LA2IR, GAF, GHIV, Y Y, G2 G-SARS R 2 LiHO| 2 A ¥ 3t
baicalein - $HIV , % O, 9ot 2t
wogonin - anti-respiratory syncytial virus , anti-hepatitis B virus , % @, 943 2 3t
oroxylin A - anti-respiratory syncytial virus 8%

Q3o e BH/NE A flavonoid 17%F T phenolic comopund 2% & B T}t
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KFOA 18 A Y 4 2HE3)

Compound 18 (rutin);

mp : 189~191T ; pale yellow neddles; IR Vmax cm™ 3426, 3275(0H), 1652(C=0), 1605, 1508,
1457(C=C); UV hmax McOH nm (log &) 358(4.24), 257(4.34), 257(4.64); 'H-NMR (DMSO-d,,
300MHz)ppm: 1.34(3H, brs, CH;), 3.80~4.10(10carbohydrate protons), 5.14(1H, s, H-1"""), 5.78(1H, d,
J=1.5 Hz, H-1"), 6.53(2H, brs, H-6 and H-8), 7.17(1H, d, J=8.5 Hz, H-5'), 7.90(1H, dd, J=8.5 and 2.5 Hz,
H-6"), 8.13(1H, brs, H-2") ; BC-NMR(DMSO-d,, 75MHz)ppm: 177.4(C-4), 164.0(C-7), 161.3(C-5),
156.8(C-9), 156.6(C-2), 148.5(C-4"), 144.8(C-3'), 133.5(C-3), 121.5(C-6"), 121.4(C-1"), 116.5(C-5"),
115.4(C-2"), 104.2(C-10), 101.4(C-1"), 100.9(C-1""), 99.0(C-6), 93.9(C-8), 76.6(C-3"), 76.1(C-
5"), 74.3(C-2"), 72.1(C-4""), 70.6(C-2"", C-3"""), 70.3(C-4"), 68.5(C-5""), 67.3(C-6"), 18.0(C-6"")

Compound 19 (baicalin);

mp : 220~222C; yellow crystallin powder; IR Vmax cm™' 3480-3275(0H), 1662(C=0), 1615, 1575,
1491(C=C), 1112, 1067(C-O glycosides); UV Amax MeOH nm (log &) 277(4.48), 213(4.59); EI-MS m/z :
124M]; 'H-NMR (DMSO-d,, 250MHz)ppm: 5.01(1H, d, J=11Hz, anomeric H), 6.99(1H, s, H-3),
7.03(1H, s, H-8), 7.57~7.59(3H, m, H-3', 4', 5"), 8.04~8.07(2H, m, H-2', 6'), 12.55(1H, s, 5-OH)
3C-NMR(DMSO-d;, 62.5MHz)ppm: 182.8(C-4), 171.9(C-6"), 163.7(C-2), 152.0(C-7), 149.4(C-9),
146.8(C-5), 132.3(C-4"), 131.0(C-6), 131.0(C-1'), 129.4(C-3', C-5'), 126.6(C-2', C-6'), 106.3(C-10),
104.9(C-3), 100.9(C-1"), 94.5(C-8), 76.0(C-3"), 74.4(C-5"),73.1(C-2"), 72.2(C-4")

Name FeAFmg) | GHAGAIFmg) (AR AFFmg) |SAFAIFmg) | H B AFFmg)
guaiacol 2500 1000 26.8
paconol 222 20 2.2
oroxylin A 3400 2601 20 10 501.7
chrysin 3200 2000 10 10 1000
tenaxin | 40 208
skullcapflavone II 220 100.8
rivularin 230
wogonin 22000 4302.9 10 5150
baicalein 22700 6501.1 15 10 5000
viscidulin 11 30 30
y- 6'8-dimethoxyflavone 5 5
5,72 6’ -tetrahydroxy flavone 20 20
5,72’ 5" -tetrahydroxy -8,6’ -dimethoxyflavone 773 50.3 10 10
wogonin-7-O-glucuronic acid methyl ester 703 50.3 10 10
6"-ethyl-wogonoside 8.3
viscidulinll-2”_-O-glucoside 130 50.1
wogonoside 200 100.4
rutin 400 300 100
baicalin 2300 1802 10 10 450

Simultaneous Analysis & Monitoring

SAEAY WY
- HPLC-UV, HPLC-MS/MS, TLC
- 2071 M EBAIREN
N | nzsm Az
L (RI1ZSCHe|3HH)
SLE
k) Yol .}
-2 Ao JEAX g st / SHofxl A= XS
™ _|_|_——| H_l_o xX =d (X‘” %EI_I--?_lJ_—Il-X-”)
-2t A 2607 AlREN
- X EAEO| BYIFE Y
TR S
1 3
THM EMH U J|EF MY | e | AH FREA |
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Scutellaria Root (Scutellaria BiCaleRdS) 8 & B2

| Experiment | ] | Marker compounds

HPLC method [| LC—MS/MS method |(
AY 4

N ocH,
S.BGround powder 50 mg Ground powder of S. 0 Ho, o.
Add LS 80 ul (50,000ppm) 70% EtOH 50 mL
Spike maker compounds* Sonication for 1 hr
Sonication for 60 min 0.2 #m membrane filter OH O OH O
Exteact Sl 1mL Wogonin-7-O-glucuronide Wogonin
"act
centrifuge l Mobile phase
Test solution 50 mL
) v 1o o con
Analysis 1mL (+1S.10 gL) wo o d O
(injection volume : 10 uL) (Injection volume : 10 #L) Ho O o, Ho, o.
Detector A shotodiode seray detector Column Luna C18 (150 x 2.00 mm, 3) oMy
aters 2996) o & b
“olumn Te cons ature of 4 © i 0
IS TUT——— Column Temp A constant temperature of about 40 Baicalin Chrysin
Column 4.6mm, 1.D. Sum, Mobile Phase A mixture of diluted acetic acid (5%)
Phenomenex Torrance, CA, USA) and methanol ( v:v =3:7)
Temperatwre | * V77 ~ 10T Flow rate 0.12mL/min ( Total Analytical time
* Autosampler — 10T within 15min)
Mobile Phase | A~ 1% acetic acid
cetonitrile : methanol = Optimized MS Operation Parameters LCMS parameters LS.
1% acetic acid) Meminsl owell Parameter. Parameter Table
1 mL/min ( All compounds were S 1 e Nl K I I N on o
Flow rate eluted within 36 min) s o [wr o [ =] Baicalein 5,7,2'5-tetrahydroxy-8,6'-
rey P w T I Y dimethoxyflavone
Gradient Condition
Time A B M w | | 50| m | w o
o 75 25 o [z [ | | | | o | o 0| b
10 68 32 ar [ w |w | o | ||
20 55 45
24 55 45 1 N N
35 52 a8 Oroxylin A Propylparaben (L.5)
40 75 25

T TN EE AS

) ] 1S LA AT S ES
Scutellaria Root (Scute]]arza'gazzca‘ /ensis

HPLC chromatogram N r )
LC—MS/MS chromatogram
Standard misture - e
N e Sample ! Standard Mixture of Scutellaria Radix
s 2 Method : LC-ESI-MS/MS (MRM mode)
s0as. 'HPLC Condition
column : Luna C18 (2.1x150mm, 3u)
e Mobile Phase : MeOH : 5% acetic acid-
anea Flow rate : 0.1 i
Real sample it
£ Analytes ©
H 1 Wogonin—7b-D—glucuranide (65 ng/mL)
2 e 2 : Wogonin (80 ng/mL)
Py 3 : Baicalein (240
4:5,7,2' 5'tetrahydroxy-8,6'-dimethoxyflavon (120 ng/mL)
Analytes: - o 6:5,7,2,6'- tetrahydroxy flavon (110 ng/mL)
1 : Wogonin—7b—D—glucuronide (20 ug/mL) 2 : Wogonin (5 ug/mL) 8 icalin (270 ng/mL)
3 : Baicalein (9 ug/mL) 4 : 5,7,2',5'~tetrahydroxy —8,6'=dimethoxyflavon e 9 : Chrysin (250 ng/mL)
(29ug/mL) 8 : Baicalin (18.2ug/mL) 9 : Chrysin (8 ug/mL) 10 : Oroxylin A (6.5 o N N
ug/mL) LS : Propylparaben (29 ug/mL) , _IS:Puerarin(00ng/ml)
Linearity, Range, LOD and LOQ — HPLC method — Linearity, Range, LOD and LOQ — LC—MS/MS method —
LOK LOD LOQ
o e a b R o 4..g/3. Compound\ a b R o) o
nd (ug/mL) (ug/mL) by
1. 0.01050 0.00049 0.9998 0.02 0.2
2 0.2~20 0.0369 -0.0001 0.9999 0.02 0.07
2. 0.01580 0.00175 0.9999 0.01 0.3
3 0.2~50 0.0227 -0.0021 0.9997 0.04 0.13
3 0.00199 -0.00076 0.9999 0.14 1.1
4 0.1~10 0.0099 0.0002 0.9995 0.03 0.09
4. 0.00274 0.00015 0.9999 0.37 13
8 1.0~336 0.0138 -0.0045 0.9998 0.05 0.16
6. 0.00467 0.00332 0.9997 0.52 1.2
9 0.1~10 0.0295 0.0001 0.9999 0.02 0.08
5. 0.00264 0.00220 09998 0 10
10 01~10 0.0309 00004 09999 001 003
9. 0.00194 0.00124 0.9999 0.1 1.1
Callbration curve Analytes . 1: Wogonin-7b-D-glucuronide
Calibration Curve (0.2ng/mL ~ 1020ng/mL)
2 Wogonin 2: Wogonin
3 : Baica (0.3ng/mL ~ 1440ng/mL)
4 trahydroxy-8,6* ° 3 : Baicalein
hoyflavon k- (LIng/mL ~ 1100ng/mL)
oxytavo = : "-tetrahydroxy-8,6 —
« dimethoxyflavon
g L ~ 1320ng/mL)
10 : Oroxylin A d 6:5/
0.0 5.0 10.0 (12ng/mL ~
Con.(ug/mL) Is 0 500 1000 1500 8 Baicalin
: ¥ (1.0ng/mL ~ 970ng/mL)
——comp—2 —=—comp-3 ° comp—4 o i 9 : Chrysir
o [ ot Concentration(ng/mL) 9 Chrysin
. s ored o y (lmg/mL ~ 1090ng/mL)
\ 2
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Scutellaria Root (Scutellaria Baica

CHH QI DAY AT WES
lensis

Stability - HPLC method -

Robustness - HPLC method -

compound 1

stability (%)

stability (%)

compound 2

Time (day)

Time (day)

stability (% )

compound 3

compound 4

Time (day)

Time (day)

compound 8

stability (%)

compound 9

—————

Time (day)

Analytes :

*Compound 1 : Wogonin-7b-D-glucuronide

*Compound 3 : Baicalein

*Compound 4: 5,

*Compound 8 :

rahydroxy-8,6'-dimethoxyflavon
Compound 9 : Chrysin

Time (day)

*Compound 2 : Wogonin

1. Cell proliferation assay :

2.

3.

4.

5.

- WST-8 AHE

%

KFOA 18 A Y 4 2HE3)
__rl =1d=
ou

- Murin macrophage cell line : RAW 264.7, J774A.1
- A& 5% : 100 pg/ml ~ 0.78 pg/ml (2-fold dilution)

sS4 Y
- RAW 264.7 + LPS

-PGE, assay : EIAMO 2 3&
- NO assay : Griess reagent AtE

DNA microarray

SO F=ES Y LE0| Ot

ges s AN (&GS 4R HE)

Murin Macrophage cell line0i|
X2l # RNA 22

- DNA chip : ABI mouse chip (whole gene)

- RT labeling® AL

EX Y= atol
- DNA chipOl A 821l REXS HS

- RT-PCR

- ¥ & Biomarker genes Rl Al

Data base =

DNA chip= 0|8 Microarray

8§ KX &0l U biomarker
Gene A Al

Sfe|REXN DB PEE A A& M3

- 2018 S 4 21 Biomarker genes 2H AlAl

-N22 A8 H 32 RS

gz oo oz g Y s 420 0o 22 I 2 OHUIZHAL A3
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Cell adhesion molecule (MF00040)
Cytoskeletal protein (MF00091)
Kinasa (MF00107)
Miscsllensous function (MF00167)

‘Select calcium binding protein

Select regulatory molecule

PANTHER Molecular Function
Totu # Genas: 85 Total # function hits: 103

Inflammation mediated by chemokine and cytokine signaling
pathw.

KPOA 1818 7AY 40 YH3S|

- AR -7427w74.oo

1 lightblue™] -4.00 to -2.00

yellow -2.00 to 2.00

orange | 2.00 to 4.00

- 4.00 to 10.00

KPOA 1818 72AIY 40 YHS|
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<Myocardial Infarction Model>

Table 1. Effects of active components of 3 herbs on I/R-induced myocardial injury

in vivo
Group Infarct size (%)
1(30 min) + R (24 h) 3028 (n=8)
I/R + Decursinol (5 mg/kg) 19 £ 3.2* (p<0.05, n=12)
I/R + Decursinol (10 mg/kg) 15 + 3.0 ** (p<0.05, n=15)
I/R + Paeniflorin (5 mg/kg) 24 % 2.3 * (p<0.01, n=11)
I/R + Paeniflorin (10 mg/kg) 22 + 3.1* (p<0.01, n=8)
I/R + Evodiamine (5 mg/kg) 27+ 3.6 (n=6)
I/R + Evodiamine (10 mg/kg) 24 £ 3.6* (p<0.01,n=7)
AEEZ Ol
¥
©e®e @ C »

IIR

e9 € 6

I/R + Decursinol

3D remodeling

Mouse: ICR (female): n=10/group
Group: 1. Control group

2. OVX group

3. OVX + 17B-estradiol (10ug/kg)

4. OVX + oleanolic acid
(0.1mg/kg)

5. OVX + oleanolic acid (1mg/kg)

| N 17p-estradiol or oleanolic acid .
1 1

0 weeks 8 weeks

16 weeks

weight
serum

Ovariectomized mouse

Osteoporosis animal model method

HCT (3D remodeling)

Calcium level
ALP activity
TRAP activity

Osteocalcin level
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3D models of femur distal

Anti-osteoposis effect of oleanolic acid (OA) in ovariectomized mice

Control OoVX OA (0.1mg/kg) OA (1mg/kg)

Hapten-induced atopic dermatitis model

NC/Nga mice
topical treatment of dinitrochlorobenzene

(3 times/week for 4 weeks)

After 5 weeks, skin severity, scratching behavior and
serum IgE concentration are measured.

Control DNCB-treated CH& extract chlorobetasol
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Apoptosis inducing effect of Cimiside E in AGS gastric adenocarcinoma cell line

X

MTT assay

100
g w0 \
2 1C50=33.5uM kY
El 60 e e -
§ 40 Cimicifuga heracleifolia Komar,|
3 w- Western Blot

0 3H 6H 12H

0 125 25 50 T

(uM)

Cont 507550755075 uM
control 24H — ——— — p53

m Pro —caspase 8
DAPI staining

S s = .« cleaved—caspase8
75uM 24H 50uM 24H 12H 24H

- .-

cont 12.52550 75 cont 2550 75 WM

e — D —— p53

- w» G0 " = gpepe» — Procaspase 3

o — ~ w= +— cleaved—caspase3
.

PARP-1

T ——— P-actin

Pro —caspase 9

———————— P-actin

TS
Extraction & Isolation of Triterpene Saponins
from Cimicifuga Rhizome

Fractionation with Organic Solvents

Cimicifuga rhizome (500 g )

Meoh 3 times

MeOH. Ext (69 gm) DW

Hexane

Hexane Fr (4 gm)
CH,Cl,
CH,CI, fr (12 gm) Aqueous layer

EtOAc

EtOAc fr (7 gm) Aqueous layer
n-BuOH

n-BuOH Fr(5.3 gm) £ H,0 Fr (39.6 gm)

Aqueous layer
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Extraction & Isolation of Triterpene Saponins from Cimicifuga rhizoma

Fractionation with Organic Solvents

+ Cimicifuga Rhizome (MeOH. ext) fractionated with Hexane,
Methylene chloride, EA & BuOH.

Cimicifuga rhizoma MeOH.ext HEXANE fraction

100 60

S 80 S0
E E

2 a 40
@ 60 2

% %30

g a0 22
a
2 a

d 20 e

o 0

0 10 20 40 50 60 0 10 20 30 40 50 60
Retention time (min) Retention time (min)
Methylene chloride .FR EA fraction

50 50

S 40 S 40
£ E
3 o

g 30 @ 30
2 2

8 20 g 20
a a
o

10 10
o o

0 [

0 10 20 30 40 50 60 [} 10 20 30 40 50 60
Retention time (min) Retention time (min)

| Separation by HSCCC (MC.FR) |
HSCCC CONDITIONS

Methylene chloride .FR (HPLC)

»
s

w
°

Solvent system: n-hexane: acetone: EA: 2
PrOH:EtOH:H,0

(3:1:2:1:1:2)

Flow rate: 4 ml/min

Revolution speed: 450 rpm ® " etention time min)
Gain: 5

N
s

ELSD response (mV)
H

°

12

200 -

ELSD response (mV)

6
4
150 2
o

10 20 30 40 50 60
RETENTION TIME (MIN)

50

ELSD response (mV)

0 50 100 150 200 250
Retenetion time (min)
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Sapohnkavia divaricata plant

Ethyl Acetate

Saposhnikovia divaricata (4 Z)

[S. divaricata crude extract (lkg)]

[ Methanol extract ]

[ HSCC separation ]

Hexane

ELSD

EA fraction (& 3)
‘?\M__,___MA\_M_‘
RT
b - b

ELSD resporse (mVY)

Seseli resinosum EA and Hexane fractions

(1]

50

w0

0

EA FRACTION

H 10 1% 20 H »
RETENTION TIME (MIN)

250

200

FLSD response (mV)
3 -

HEXANE FRACTION

7/

10 "

20 F E'

RETENTION TIME (MIN)

wo

w0

w0

ELSD response (i)

=0

OO

ANOMALINE

RETENTION TIME (MIN)
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EMSA analysis of (2}£)70% extract, and anomalin

-+ +++ + +++ LPS(1pg/ml)
- -40-- - - - - Parthenolide (uM)

-« - 1510 - - - S.divaricata EtOH 70% Ex(ug/ml)

- = =.= == 11050 Anomalin (uM)

“:“ i&hun-—— € NF-«B
LCRCTTTTT

< Free probe

D

— =

2
o

X2, Timosaponin A-Ill (&2t&4)

o

Effect of timosaponin A-Ill on cell cycle
related protein expression

24h  Timosaponin A-lll
control 5 10 20 (uM)

——
— —
-

| —— ——

——— e

PR
PPRb (ser807/811)
cMyc

PCNA

cdkd

cyclin A

cdk2

cyclin Bl

pede2 (Tyr 15)
cde2

| —— }-oclin

T ATV

Morphological change of HCT-15 cells by
treatrment with Timosaponin A-Ill

Effect of ti

in A-1ll on

related protein expression

24h
control

Timosaponin A=lll
20 (uM)

5 10
—_— -
= —

5uM 0pM  20puM

Timosaponin A-lll

Procaspase 8
cleavage form

cleavage form
Procaspasc 9~
cleavage form
Procaspase 3

DNA Fragmentation by timosaponin A-IlI
Timosaponin A-lII
10 5 (uM)

control 20

Effects of timosaponin A-lll on the
HCT-15 xenograft model /n vivo

1200

by =& Control
E 1000 [ ——Timosaponin A-lll 2 mg/Kg
~ ~*=Timosaponin A-lll 5 mg/Kg
g s
E]
S 600
>
=
S 400
H
= 200
0

0 9 12 16 19 23 2
Days after tumor injection

30

Timosaponin A-ll

cleavage form

Control

2 mg/kg

5 mg/kg

Cell cycle analysis by flow cytometry

5uM 10pM 20 .M

control

Timosaponin A-Ill

PARP
cleavage form
— — — — |

R ) 2
N ——— 0
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22t FE=(L-101)2 2dES 2587t

SL-101 (pat. pend.) Survival Analysis

oh 6h
SL-101, an 70%

- ™
ethanol extract of "
Lonicerae Flos °
*Lonicerae Flos Y o -
. . . —e— Vehicle. 9 Vehicle
tonicerajaponicd o | T
C = B : o 2 4 s 8 10 o 2 4 6 8 10
aprifoliaceae Time (days post CLP) Time (days post CLP)
Liver function Kidney function Heart function
ALT AST Creatinine BUN LDH

e
. T

Lo un

Time fhoues pestc19) Time (s post 1)

T ot ot CL5) Time (hours post €19)

=22t FE=(CL-101)2 2HES 2587t

Histological analysis

Sham SL-101 CLP CLP +SL101 6/\01.qu|urm
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Chlorogenic acid °| 2 I & asH7}
Chlorogenic acid
¢h

. -Abundant polyphenols
in human diet

£ w
A - Antioxidant properties a® pozes/t
o 201 228 St Acid 1 moe
%@ ‘ .. . T
= - Antiinflammatory properties o= ks
S S
Time (days post CLP)
Liver function Kidney function Heart function
ALT AST Creatinine BUN

LDH

° 5 uw w = = IR EEEEEEEEEEEEERR] IR oo ‘zy‘“(hz‘ l:’w” @ e
e (hourspost
Time (hours post CLP) e s post L) i arspes 1Py Time ours postCLP)
s -~ e
—o— Ve —o— \ide. - Acid 10 malkg
2 Gttt torota - Shompmert oot 7 Claogmicid 0oy g
2o Chirogene Aid 0. 2 ChogricAsdm g — Crogeric Acid 20 ok

Q=2

SUNGKYUNKWAN UNIVERSITY

Sham
Chlorogenic Acid
CLP

CLP +
chlorogenic Acid

oW

Qyzzoon

SUNGKYUNKWAN UNIVERSITY
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Hwangryun-Hae-Dok-tang (Huanglian-
Jie-Du-Tang)

* Coptidis Rhizoma(&= %) 9¢g
« Scutellaria Radix(FE %) 6g
* Phellodendri Cortex(& 1) 6g
* Gardeniae Fructus(#& ) 9¢g

Some Attractive Flavonoids in S. Baicalensis

ST O

OH O

Baicalein
MW= 270

Oroxylin A
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Light bulb ol
& 1Yy

Mlluminated jpox

Probe trial

No hidden platform

In training session

Escape latency

Path length

Swimming speed

In probe trial

l| Crossing

Time spent in target quadrant

Chronic cerebral hypoperfusion induced by 2 vessel
occlusion (2VO) as a vascular dimentia model

Day O Day 7

Behavioral studies
Histological studies

Common Common

:?treor?/d : girg;ld 4 Kim et al., Pharmacol Biochem Behauv.
2006; 85: 658-68.
4 Murakami et al., Pharmacol Biochem
Two vessels were occluded Behav. 2005; 81: 616-25
(2VO model)

35




Oroxylin A and 2VO increase pCREB or BDNF
immunoreactivities

Sham 2VO0 2VO+oroxylin A
pCRa®ivge avoidance task: ok Y-maze task‘"’j =he i
5 : e g IR el g @z Oroxylin A
o il
I 3 ] 4
250 o X
T 60
- £
Z 200 A # s
Sas # s
S - g
)
L@
Bl 50 B
0

25

Oroxylin A (mg/kg) Oroxylin A (mg/kg)

2V0

N
1 ALl ] 0 T : S
Sham  Control 1.25 25 5 Sham  Control 125

(From Kim et al., Pharmacol Biochem Behav. 2006; 85: 658-68)

===
= 2!: Source : http://herbmed.kfda.go.kr

Ligusticum jeholens ((EZ& )

Ligusticum sinense (= B &) Cnidium officinale (JI| &)

36




t =X JI|E, &5 HpPLc profiling }

.. UV 320nm
(Ei)-marme5|n|n Ferulic acid \
A3

(2)-ligustilide Decursin Standard g

\ \l/ mixture

=4 (+)-marmesinin . Decursin
Ferulic acid  (z)-ligustilide

|

\ . —

L “ EAK269 s¢nodakenin= +marmesinin
‘ ===

\ | [‘ =N

. ‘
‘

- WMUUWMWJUM U L/_j70% EtOH Ext

== decursin  (2)-ligustilide 73
nodakenin ferulic acid

25—

decursinol angelate senkyunolide A

- HPLC condition
. Ferulic acid . . EA273 |
/ @-ligustilide Y « Column: J* sphere ODS-H80
o \ = (150x4.6mm 1.., S-4.2m)
50— ‘P\ + Flow rate: 1 mL/min, Injection vol.: 20 L
o LMJL \‘\ 70% EtOH Ext + Detection: UV 320 nm

—~ + Mobile phase: (A) 0.05% TFA in H,0

] (B) Acetonitrile

. EA272 + Sovent condition (0-3 min 20%B, 3-8 min
Decursin 45%B, 8-26 min 50%B, 26-30 min 100%B,
;: (+)-marmesinin \ ';é_/‘&i‘a, 30-37 min  100%B)

200- =

70% EtOH Ext

A23, olszu+ M3

[Comparison of HPLC profiling between Korea and China-origin =K

4 (2)-ligustilide \
\ EA269
= (+)-marmesinin

b ) Korea
. . ecursin
Ferulic acid Angelica tenuissima Nakai

70% EtOH Ext

T 3 Tio Tis o s To

(x)-marmesinin . . Decursin
Ferulic acid  (z)-ligustilide

EAK269

" China

Ligusticum jeholense Nakai
70% EtOH Ext

o _/
« Column: J'sphere ODS-H80 (150x4.6mm I.D., S-4um)
* Flow rate: 1 mL/min, Injection vol.: 20 uL
* Detection: UV 320 nm
* Mobile phase: (A) 0.05% TFA in H,0
(B) Acetonitrile
* Sovent condition (0-3 min 20%B, 3-8 min 45%B, 8-26 min 50%B, 26-28 min
100%B, 28-33 min 100%B)
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i# 8 (Forsythiae Fructus)

* The plant (Oleaceae)

Korean Pharmacopeia: Forsythia suspensa. F. koreana
F viridissima

Chinese Pharmacopeia: F. suspensa

Japanese Pharmacopeia: F. suspensa, F. viridissima

* Distribution: is a climbing plant, which is widely

distributed in China, North and South Korea and Japan.

* Compositions: phenolic glycosides, lignans,

triterpenes, flavonoids and caffeoyl glycosides.

« Biological activities: antitumor, antiviral activites,

antiinflammatory, hepatoprotective, immunoregulatory,

neuroprotective and phytoestrogenic properties.

» Traditional uses: to treat gonorrhea, erysipelas,

inflammation, pharyngitis, pyrexia, tonsillitis and ulcer.

500000

250000

250000

1800000

1250000

1000000,

750000

S00000

250000

(=4 IIREE, stsd 2018, 2=, Hse,
0I5t &, LA, g
058, &32 1+ M3
Comparison of HPLC patterns of Forsythia Fruits
China (Forsythia suspensa)
R forsythiaside
e phylligenin

Lariciresinol

Phillyrin pinoresiq |
3 / / / \WP /

‘ v
[ S

3N
) EY) s

53 03 158 £ e 53 ol %d

Korea (Forsyahia koreana)

1 Argtiin Cinnamic acid (IS)

Mataiﬁsinol }(W\\ /
I

Arctingenin

E @ sd
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= 7 local places
4 Chinese origins

3618
36-1-2
56-1-3
56-1-8
56-3-8

p-zm-11
SEe1n10
PR
B3B3
PR
22835
PR
5-20-3
6283
Eaespihio i

2

Sh-1-6
L

9206

ooz Korea

Sdissime-aEsaisne |,

¥Lsnspenas-kESIA0E

i |
HASHY L] 72

MotsIAL  AE/fuY  jumss FyE e
2ol R\l ek INM-176 Xl 04 gAFES 34 A4S
geA PG201 add Do 115 Mo 34 das

Al A2 SI-00413 =23 SHXEYHS 24 AAS
SO o WIN-348 So3Y a238LX2 24 AT
SSE DW1019M SLHLAS 22, U92F 5 24 A
SOHAI2 DA-9701 Jls4d 43122 AR, 85N 34 AAS
SIAE DW300 X ES Ote kel 105 Aok 24 AAS
FolMe PMO12 X 04 TIIRL 65 Mo 24 A4S
f=p AEHZESE =23y HIEIAHILIHI 2t A 24 AAS

Ol ANOIAI DI SK-MS10 g s4ol 24 AANS
ol AAOIOIZ2 SOTB07 a4 ME2 24 oS

<HE

2t

CHAS0INE DY M HEXY T 7|PolA o] HAS Ao I,

LELEES-TTR

318 (KFDA) ¥HIAIE, 2010. 7.22
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Veregen: experience from the first botanical NDA

Whes
VEREGEN" s

W VEREGEN

Green tea leaves are the source for sinecatechins, the active ingredients of Veregen—the first botanical
product to be approved as a prescription drug by the FDA.

Compared to nonbotanical
drugs, quality control for
botanicals is more
complicated, .........

... the necessity of controlling
each individual major and
minor catechin (rather than
controlling only the total
catechins) and the tightness
of the control for the high-
performance liquid
chromatography peaks with
unknown identities were
important .

Source : S.T. Chen et al., New therapies from old medicines, Nature Biotechnology 26 1077-1083 (2008)

Colorectal cancer : Drugs that heal and hurt the gut

F-flurouracil (5-FU), leuvocorin (LV)

CPT-11 (irinotecan)

CPT-11 + 5-FU

CPT-11 +5-FU + LV =IFL

FOLFIRI

_

Nausea, vomiting, diarrhea
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PHY906 derived from Huang Qin Tang (& 2%, ®% %)

Glycyrrhiza uralensis Fisch
( Licorice)

Scutellaria baicalensis Georgi
(skullcap root)

For a long time to treat

Paconia lactiflora Pall =>» nausea
(Peom) vomiting
diarrhea

stomach upsets
abdominal cramping

Science

Translational
Medicine

Ziziphus jujuba Mill
(Fruit from a buckthorn tree)

RAYAAAS

Vol 2. Published 18 August 2010

Effect of PHY906 on the antitumor activity and toxicity of CPT-11

1000

©
=]
=1

@
e
S

&
o
=3

200

Percentage of initial tumor size >

Co

CPT-11 350 m%fk%
CPT-11+PHY906 50 mg/kg
CPT-11+PHY906 150 mg/kg
CPT-11+PHY906 500 mg/kg
CPT-11+PHY906 1g/kg

-
e
=)

-
o
o

=
o
S

@
&
b

@0
=}

Percentage of initial body weight m
-]
&

0 - 80 —
1 3 5 FL 9 " 13 15 1 2 3 4 5 6 7 8 9 10
T Day T Day
CPT-11 (ip) CPT-11 (ip)
%For 4 days, twice per day For 4 days, twice per day

s$.¢ Dosage of PHY906 at 500mg/ml orally
% Days 2 and 4 for analysis
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Ryl o, Mt Spcrom, 207, 20T
Published online in Wiley InterScience (www.interscience.wiley.com) DOI: 10.1002/rcm 2832

Liquid chromatography/mass spectrometry analysis
of PHY906, a Chinese medicine formulation for
cancer therapy

Min Ye', Shwu-Huey Liu?, Zaoli Jiang?, Yashang Lee', Robert Tilton?

and Yung-Chi Cheng'*

"Department of Pharmacology, Yale University School of Medicine, 333 Cedar Street, New Haven, CT 06520, USA
?PhytoCeutica Inc., 5 Science Park Suite 13, New Haven, CT 06511, USA

Journal of Chromatography A 117 o) sres 570

Identification of chemicals and their metabolites from PHY906, a Chinese =
medicine formulation, in the plasma of a patient treated with irinotecan and
PHY906 using liquid chromatography/tandem mass spectrometry (LC/MS/MS)

Wei Zhang®P, Muhammad W. Saif®<, Ginger E. Dutschman®®, Xin Li®, Wing Lam?, Scott Bussom®P,
Zaoli Jiang?, Min Ye®d, Edward Chu®<, Yung-Chi Chenga.b-

* Department of Pharmacology, Yale University School of Medicine, 333 Cedar Street, New Haven, CT 06520, USA

® Developmental Therapeutics Program, Yale Cancer Center, Yale University School of Medicine, 333 Cedar Street, New Haven, CT 06520, USA
¢ Section of Medical Oncology. Department of Medicine, Yale University School of Medicine, 333 Cedar Street, New Haven, CT 06520, USA

4 The State Key Laboratory of Natural and Biomimetic Drugs, School of Pharmaceutical Sciences, Peking University, Beijing, China

Chemical constituents

s

reported

chemical complexity

TES

reported

ohz

reported

- report here a simple and robust LC/MS method for the global
qualitative analysis of PHY906.

- A total of 64 compound were Identifled or tentatively characterized,
including flavonoids, triterpene saponins, and monoterpene glycosides.
- Originalities of all the compounds from the individual herbs of
PHY9O6 were also assigned.

- Our results will facllltate the comprehensive quality control of
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~ - - -
=] PHY906 Total ion current (TIC) profiles of
i PHY906 and the herbs
- o
2 [
- :I*J 2t ',ﬂu'«“lﬂ"?’?‘l. ¥ | |
O il
Slp
. .
< J~L i
e : m| |
i “ i
’ . fI ‘f.?u |§5
-y .

Rusarmon s e

PHY906 and.metabolites

total ion chromatograms

4.0e8
23.22 L
126 2939
2.0e8 | k ﬁmf ‘
A t " No pronounced
0.0 differences
5 10 15 20 25 30 35 |I
Time, min before and after
- UV chromatograms 2o may,
1000
0 Recently, developed Q-trap
(triple—quadrupole-linear ion
<1000 trap mass spectrometer)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

Time, min

Representative TIC and UV chromatograms of PHY906 and metabolites

in human plasma samples.

Blue represents the plasma sample before administration of PHY906;
Red represents the plasma sample 2 h after administration of PHY906.

MRM (multiple reaction monitoring)
: parent drug and multiple
metabolites can be monitored
simultaneously with high sensitivity
and precision.

: can serve as a suvey scan to
trigger information-dependent
acquisition (IDA) of enhanced
product ion (EPI) spectra.

/
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F8 scl S &3
»Journal of Chromatography A
»>British Journal of Pharmacology
»>Microchemical Journal
»>Food Chemistry

100 7 »>European Journal of Pharmacology
56 »>International Immunopharmacology
50 7 >Food and Chemical Toxicology
>Cancer Letters
0 - d >Journal of Natural Products

2005-2008 2009-& x| »Analytica Chimica Acta
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> Planta Medica
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Y
=
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Conclusions

1. The systematic studies on quality control of herbal
medicine involving chemistry, monitoring,
pharmacology and DNA authentication are being
processed.

2. It is one of the complicated projects and collaborative
studies should be proposed for the globalization of
herbal medicine at the same level of synthetic drugs.

3. We hope that these results would contribute for the
development of natural products-derived medicines

Acknowledgements
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Table 1. Classificafion of major contarinants and residues in herbal medicines

Contaminants
General Group Subgroup Speacific examples Fossible soumes Stage of
classification production
atwhich
detectable
Chemical Toode and Toxic metals | Lead m, Polluted soil and water, 12354
ooTEAmInants hazardous and non- ury, chrdl n L1LLrLrﬁ1qutlvathhn_.-'
ma 15 als farsenic, nitrise) growth, manufacturt
> :- i*— / process e
=a Cerbistent \ Croxin akinin, Polhabad air, scil and 1234
o 3 il » ; x| = Waber.hd.urjng cultivation s
o eldrin, = narin, T
o 7| 01 A HI %W / ‘J"\-e-pachlc\r. e
T1 [=x = -Iu:\nflcll.d\ Cs—]S-i,Cs—lS'y Adr, soil, water durl 1234
cultivation growth
- — 1 " Fost-harvest processing, 234
_E _I_I.F O I m r s\ transporta th:ur\: and storage
[ =] | N ( Bacterial Post-harvest processing, 1234
PN I Pedotox transportation and storage
Bio] cal \ "H—{ﬁ ﬂaltbe-rla apfiglococcs Soil, post-harvest 1234
contaminants | organisms is, Peendomionas | processing, ransportHon
: o, and skorage
1la specias,
5 @ species,
Eschierchida coll
Fungi Weast, moulds Post-harvest processing, 1234
) transportation and storage
Amnimals Parasites Protozea —amoebae, |Soll, excreta; organic 134
Halrminths — Farming/ cultivacion,
memabscla mAanuFACtUTING process
Insects Cockroach and its | Post-harvest processing, 124
pan:s r_ransporta thon and storase
Oithers house excreta, Post-harvest processing, 124
earthworns, acarnis | ransportation and storage
Solverits Sﬂganh: Acetome, riethanol, |Soll and water, during 1234
rents ethancl, butancl cultivation, growth,
AN Fackunng process
—
#
¢
Residues
General Group Subgroup Specificexamples  |Possible soumes Stage of
classificatlon prochuction
at which
datectable®
Agrochem-:a( Pasticides  JInsecticides | Carbamata, Adr, soil, water, during 1234
resldues chlorinated cultivation/ growth, post-
= Ok hydrocarkons, harvest processing
o — organcphosphorns
Herbdoldes  |24-D0,245-T Adr, soil, water, during 1234
cultivation/ growth, post-
harvest processing
Fungicides  |Dithiccarbamate | Adr, soll, water, during 1234
i cultvation, growth
Fumnigants | Chemical Ethylene codde, Post-harvest processing 234
AgEnts g 1
(0] LI- § <} go < emlde, sulfur
- (=) 2 dioxide
Disease Antiviral Thiamethoxam [ruring cultivation 1234
control agents
agents
Resldual sclvents ;.'Ll_trm,anb: Acetome, methanol, (Manufacturing process 34
Venits ethanol, butanol
* Stage of production at which detectable: 1, medicinal plants; 2, herbal materials; 3, herbal prepamations; 4, finished

herbal products.
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& H| 2 AA| = (Nonclinical test)
- £ /d(toxicology)
- 2kg|(pharmacology)

® s
- QX0 M2l 2t g of| =1} ofat
-85, 2&87|H, Muf SEj o =2t 4
- dose selection in first trial in human

- NOAEL, MABEL — MRSD, PAD

- PK/PD — dose escalation
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- no human experlence

- all possible test
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o o x

¢ SHT AIRFY Y 2UNE

(food/traditional medicine, marketed/self-made)
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