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Isolation and Quantitative Analysis of Bioactive Components from
Coptis Rhizoma and Araliae Radix
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gd 2 5o FaAHE By - BY dAFE FIdso FHOoRHE coptisine (1430 mg),

pinoresinol (11.3 mg), isolariciresinol (4.7 mg), epiberberine (605 mg), jateorrhizine (4.5 mg),
berberine (12010 mg), palmatine (3560 mg), magnoflorine (50 mg), groenlandicine (101 mg), B
-sitosterol (121 mg), ferulic acid methyl ester (15 mg), 3-(3',4’-dihydroxyphenyl)lactic acid
methylester (15 mg)S #8812, S ZHE ent-pimara-8(14),15-diene-19-oic acid (continentalic
acid, 10145 mg), 7B-hydroxy-ent-pimara-8(14),15-diene-19-oic acid (3895 mg), 7-oxo-ent-
pimara-8(14),15-diene-19-oic acid (20.49 mg), 16a-methoxy-17-hydroxy-ent-kauran- 19-oic acid
(785 mg), 15a,16a-epoxy-17-hydroxy-ent-kauran-19-oic acid (35.87 mg), 17-Hydroxy-ent-
kaur-15-en-19-oic acid (20 mg), 16a,17-dihydroxy-ent-kauran-19-oic acid (18.25 mg), mixture
(3:2) FEl9] stigmasta-5-en-3B-ol (B-sitosterol) ¥} stigmasta-5,22-dien-33-o0l (stigmasterol) (500
mg), mixture (9:1) HEfe] daucosterol (B-sitosterol glucoside) I} stigmasterol glucoside (1000
mg), 7-dehydroabietanone (4 mg), 16a-hydroxy-17-isovaleryloxy-ent-kauran—-19-oic acid (40 mg),
ent-kaur-16-en-19-oic  acid  (kaurenoic acid, 736 mg), ent-pimara-8(14),15-diene-19-o0l
(ent-—pimarol, 20 mg), 8&a-Hydroxy-ent—pimara-15-en-19-ol (ent-thermarol, 15 mg), 4B
~hydroxy-19-nor(-)- pimara-8(14),15-diene (7 mg), 4-epiruilopezol (7 mg), lignoceric acid (80
mg), (+)-spathulenol (5 mg), dehydrofalcarindiol(10 mg), D-fructose (100 mg), chlorogenic acid
(5-caffeoylquinic acid, 500 mg), 3,5-di-O-caffeoylquinic acid (10 mg), neochlorogenic acid
(3—caffeoylquinic acid, 10 mg), sucrose (100 mg), caffeic acid (10 mg), cryptochlorogenic acid
(4-caffeoylquinic acid, 10 mg), 1-kestose [O-B-D-fructofuranosyl-(2—1)-B-D-fructofuranosyl-(2
—1)-a-D-glucopyranoside, 260 mgl, methyl-a-D-fructofuranoside (210 mg), protocatechuic acid
(200 mg), thymidine (20 mg), uridine (20 mg) 18] 3 methyl-B-D-fructofuranoside (30 mg)& &
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Summary

Isolation and Quantitative Analysis of Bioactive Components from Coptis

Title of Project Rhizoma and Araliae Radix

Key Words |Coptis chinensis, Aralia continentalis, diterpenoids, alkaloids, HPLC

Institute Pukyong National University Project Leader Choi Jae Sue

Project Period 2007. 2. 28. ~ 2008. 11. 30.

Forty—four biological active compounds were isolated from the roots of Coptis chinensis and
Aralia continentalis. Structural identification of these compounds was performed by analysis of
1D and 2D NMR spectra data, and by comparisons with published literatures. The isolated
compounds were as follows; coptisine (1430 mg), pinoresinol (11.3 mg), isolariciresinol (4.7 mg),
epiberberine (605 mg), jateorrhizine (4.5 mg), berberine (12010 mg), palmatine (3560 mg),
magnoflorine (50 mg), groenlandicine (101 mg), B-sitosterol (121 mg), ferulic acid methyl ester
(15 mg), 3-(3'4'-dihydroxyphenyllactic acid methylester (15 mg) from C. chinensis;
ent-pimara-8(14),15- diene-19-oic acid (continentalic acid, 10145 mg), 786
-hydroxy-ent-pimara-8(14),15-diene-19-oic acid (38.95 mg),
7-oxo-ent-pimara-8(14),15-diene-19-oic acid (20.49 mg), 16a-methoxy-17-hydroxy-
ent-kauran-19-oic acid (7.85 mg), 15a,16a-epoxy—17-hydroxy-ent- kauran—-19-oic acid (35.87 mg),
17-Hydroxy-ent-kaur-15-en-19-oic acid (20 mg), 16a,17-dihydroxy-ent-kauran-19-oic acid (18.25
mg), mixture (3:2) of stigmasta-5-en-3B-ol (B-sitosterol) and stigmasta—5,22-dien—-33-ol
(stigmasterol) (500 mg), mixture (9:1) of daucosterol (B-sitosterol glucoside) and stigmasterol
glucoside (1000 mg), 7-dehydroabietanone (4 mg), 16a
-hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid (40 mg), ent-kaur-16-en-19-oic  acid
(kaurenoic acid, 736 mg), ent-pimara-8(14),15-diene-19-ol (ent-pimarol, 20 mg), &a
-Hydroxy—ent-pimara—-15-en—-19-ol (ent-thermarol, 15 mg), 43
~hydroxy-19-nor(-)-pimara-8(14),15-diene (7 mg), 4-epiruilopezol (7 mg), lignoceric acid (80
mg), (+)-spathulenol (5 mg), dehydrofalcarindiol(10 mg), D-fructose (100 mg), chlorogenic acid
(5-caffeoylquinic acid, 500 mg), 3,5-di-O-caffeoylquinic acid (10 mg), neochlorogenic acid
(3-caffeoylquinic acid, 10 mg), sucrose (100 mg), caffeic acid (10 mg), cryptochlorogenic acid
(4-caffeoylquinic acid, 10 mg), 1-kestose [O-B-D-fructofuranosyl-(2—1)-B-D-fructofuranosyl—(2
—1)-a-D-glucopyranoside, 260 mgl, methyl-a-D-fructofuranoside (210 mg), protocatechuic acid
(200 mg), thymidine (20 mg), uridine (20 mg) and methyl-B-D-fructofuranoside (30 mg) in A.
continenetalis, respectively. HPLC-UV analytical method have developed for determining
berberine, palmatine and coptisine form Coptidis Rhizoma, and epi—continentalic acid,
kaurenoic acid and continentalic acid from Araliae Continentalis Radix. Calibration graph
showed good linearity across wide concentration ranges of the marker compounds. The
HPLC-UV procudure has shown good accuracy and precision, and therefore is proposed an
efficient method for fingerprinting analysis as well as quality control of the crude drugs.
Furthermore, we have developed the simple TLC and LC-MS/MS procedure for analysis of
the two crude drugs. Quantities of marker compounds from collected samples of Coptidis
Rhizoma and Araliae Continentalis Radix were assayed. Two crude drugs estimated their
origin and cultivated area by quantitative analysis together with R-program.




Opinion of Project Manager

Scope

*Alkaloids, lignans, diterpenoids and steroids were isolated from the roots of
Coptis chinensis and Aralia continentalis.

*HPLC-UV analytical method have developed for determining berberine,
palmatine and coptisine from Coptidis Rhizoma, and epi—continentalic acid,
kaurenoic acid and continentalic acid from Araliae Radix. Calibration graph
showed good linearity across wide concentration ranges of the marker
compounds.

*Research is suitable to RFP for isolation and quantitative analysis of

bioactive components from Coptis Rhizoma and Araliae Radix.

Limitation

*Because berberine and palmatine content was high, isolation of other minor|
compounds was not easy.

*Continentalic acid and sterols and sterol glycosides can be isolated in vast
quantity as major components of Aralia continentalis, however, separation

of other compounds was not easy.

Direction For
Citation

Supervisory
Office

KFDA Risk assessment division (8 380 ~ 1826)
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1.3 =W -9 7leNd a3

7 ZATEF

(1) &4

Coptis Rhizoma (Coptis japonica, Ranunculaceae)= =2 AEZA <l kA2 10003 o] dxHA &
of Ab&Eojx gkow A, AL FFY AT 55 ARD ol AREH o A ot (lizuka
et al, 2000; Hwang et al, 2003). Coptis Rhizoma® A =&, AAAYEA, a8 3% A 5
o o] 7pA dFdge] AR oA $kal (Higaki et al, 1996) A &3itstel Zdl~vls FA4E5 #4
AlA B 59 A3k 98S Fola AFU2HEdT sWAs e dig gAey So] Hilsolx
1ot (Yokozawa et al, 2003). B2]Z=7]o] berberine 3~8%, 7|E} jateorrhizine, worenine, coptisine,
palmatine, sanguinarine, norsanguinarine, oxysanguinarine, 6-acetonsyl-5,6—- dihydrosnaguinarine “LZ]
i magnoflorine 5 o2 7}A] alkaloid7} #2 Xl =o] ot} (Yahara et al, 1985; Otsuka et al, 1981;
Schmeller et al, 1997). 3k pinoresinol, isolariciresinol, dihyrobenzofuran neolignans, woorenogenin,
woorenosides I -V (Yoshikawa et al, 1995)¢} oA 23 flavonoids 3}3E coptiside I, 18]t
coptisidell 7} 7 B Ho9th (Fujiwara et al, 1976). = ¥ FZEHEo] acyl-CoA:cholesterol
acyltransferase (ACAT) @494 (Yotsumoto et al, 1997) 2 5-fluorouracil MZE T3 43122 (Namba
et al, 1995) 59 vt Aejdo] Husoqrt. o5 AYIHELY AT W oEE akaloid7l A
Fo] 9l HPLC-UV HWH(column: C18; detector: 254 nm, 270 nm; mobil ephase: acetonitrile-0.02 M acetic
ammonium; actonitrile-0.5% acetic acid; 0.05 M phosphate buffer) (Feng et al, 2006; Sun et al, 2006; Huang
et al, 2006), HPLC-PDA (photodiode array detector) W™ (Chen et al, 2006), chiral HPLC "8 (Zgai et al,
2006), HPLC-MS ' (Sheng et al, 2006) 2 HPLC-MS/MS ®¥ (Li et al, 2006) 5-°] HEiL% o

o
> r1r
g

(2) =%

sEEe] oldd e 2Ry o] 7 AR EH terpenes Fol Bl EIiEoIQth (Kawai et al, 1989;
Yoshihara and Hirose, 1973; Ito et al, 1978; Sawamura et al, 1989; Okugawa et al, 1990). ¥2]ol| A
23k diterpenesd EES AE A} FASA st FAHES /MY HuEo] QY (Okuyama et al,
1991)

Y. SHATTF

1) &4

st o] Ay g AEQ berberine?] it EAlo] thE EAlo] HauEol At} (Lee et al, 2003; Yu et
al, 2005). FHL AA A=F, AAQAFEA, 2 A5 A T A A 9 F-E 8] ARG e
A ®a® vk ek (Nam et al, 2003). 3deol AdAddiEc=z FId 3IFELS berberine,
jateorrhizine, worenine, coptisine, palmatine, 22} 12 magnoflorine 5 <12 7}A] alkaloid’7} X1 T ]3]
o (Kim et al, 2000). & 3y F&5Fo| izt o}z (Park et al, 2003) 2 SNU-683 4|32 apoptosis &
ds} (Park et al, 2005) &< thFst Ael&Ado] Hixo3lty, 1 & berberine 52 isoquinoline alkaloid: rat
lens aldose reductase JA1ZHE (Lee, 2002), human intestinal bacteria 3%} #A12+& (Chae et al, 1999),
catecholamine biosynthesis &A1 #+8 (Lee and Kim, 1996), tumor cell lineoll ™3} cytotoxic activity (Min et
al, 2006) ¥ d2k3ze (Kim et al, 2000) 5°] €A1, lignanAl 3}EEZE neolignan?! woorenoside”} &
AZ48 (Cho et al, 2000), pinoresinol, woorenoside V % lariciresinol glycoside”} tumor necrosis factor 43
A28 (Cho ef al, 1998) o] B oAl

_10_



2) =%

=58e FE2UXy (Araliaceae)ol %3t thdA 2EQ w5 E (Aralia continentalis Kitagawa)2]
ZB2A oA X, FF Y, AE, #EA 59 Az:ol| AMEH= AokAolw (o], 1989), ol¥
A3} Z7]+= a-pinene?} sabinene? 5/ AHAAE FE A vt 582 FASAE (Han et al,
1983, 1985), A2 AJA &7 AL (Park et al, 2005)5°] <A Jdom, 1 A AHES
(—)-pimara-8(14), 15-dien-19-oic acid (continentalic acid), (—)-kaur-16-en-19-oic acid?l diterpene®]
w gake oF 0.39% o]t}

Z £, continentalic acid: methicillin—resistant Staphylococcus aureus®] W 3&te] &7 &4 S vebditta
adH A Yt (Jeong et al, 2006). T3k 34k} flavonoid A& (Kim et al, 1995 Kim et al, 1998), A
AbRLo) triterpenoid, saponin A% (Kim and Kang, 1998) o] X% o] vl 71 & =389 diterpened}
triterpene] 3-3Eo] A Eol MEEZAT cyclooxygenase A G0l 9o (Dang et al, 2005 Lee et al,
2006), 522 MeOH F%%o] Ztha5d ##s apoptosis JAZ-go] 44 At} (Baek et al, 2006).

o, TT7o,

MoZ SE2ATFMLnA el =& A7 e & 2

<1AF ZA>
7h d3U ¢
O =u A7 =
@ Fd7 58 F

® #AAR RGNS o &3 T STe] ¥ 2, 44

@ BA} 57 YR FtTz A4

® 55 ATE A9 ANV 0T Az

® FRAROR AW 34% ol go] Uste] s REE A% L EEF FAA 44

(W) a+949
© U AP FAR BB £ (198, )
@ Fa g %
- 70% EtOH F%, 27 CH.Cly, EtOAc, n~BuOH % H;O fraction® %]
3 FAR 5 B etz A4
- Mass Spectrometry, IR Spectrophotometry, UV Spectrophotometry, IH—NMR,
PC-NMR 59 £33 248 o] 72 54

4) Fd3} 52 70% EtOH FE==3 229 sdEss &5 42 g A+ o) &

Nl
Nt
Loye
N
N

J

2AIF FA>
COR:ERt E

1) &9 a7 589 a8 TF:F9 HPLC-UV % LC/MS/MSE o] &3t 71 2@ A3 shof
Aol A4 2 AR ol B (7] L A FekA] ZF 20%F S o)A ®4)

2) FHy Z3o) AYdA AE A 9 FHFAS 9% TLC de 2oz ok AR F target A g
g4 =2 FUEE
g A8 918 validation WY Y 0 ALAA, AGES], A, ALA, HETA, JFE
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4) 718} AlREFAeA B SHy 58 Yegdad BAe] gol (A" 2 72 @ A EE
gk ety gr ga
5) HPLC-UV, LC/MS/MS ¥ TLC 5% o] &3t Mg Ede Haog shokael 7]gd, Az

o) 7k A

e
Me
1%
|o
fitl

gy 54 5 AgSd =49 24 g9S 9lsted HPLC-UV, LC/MS/MS 2 TLCE &43 A4
B gl Ws gy
o A OEAS 98 HPLC-UV, LC/MS/MS ¥ TLCE o] &3 kA Au|dA AR AHAA A
A2 e,
- ¥ 52 gy B4 245 918 HPLC-UV =1 &4
O F2E e FFEY BAE g A7 A3
COEE FRE e SFEEY #4S A & 2] g
CSE TARAS 98 HEAY T4,
A S G 2AS A% FEW g
- gAY 53] Aedd Edeo 4% 9% TLC =7 3
- FAEAY BAL 93 TLCRH AR (FA we tdst =4 7))
- FAHELY] TLCHES S HEUH A4,
- gy g Y B P RS FE3 LC-MS/MS =4 &
- LC/MS®| 545 zhetst 3 &w) 3o 4
A

- A 2] microbore column®] A4 2 AH zH &
- Single mass spectrometry condition &
- Tandem mass spectrometry 271 2§

- R A /A=A el o) g ghokx) s (19, AbA

GRS FHOZ & AR AUEA,

e
M
4

O

M3& SHEATFMNLIAN S =& AL Bt

S
(7h) 283 S8 AYBAEAHLE £49

S FE 525 VAdAGHAE) R FHste] 2 dxd 5 AEsta 70% EtOH=Z ¥ 13F
=, Alxste] 49 4 AR A& N8R ATAT (D). SF=9] & Al -
10 kg MeOH FE4 3} = 2 AN A FFHVZ F53F AxE HOE 7ty &
AT g53 o] &we] FAHSI} gd CH.Cly fraction (230 g),
n-BuOH fraction (1100 g) % H:O fraction (840 g)¢] Z+ ¥ 3 &3 =& hexane fraction (360 g),
CH:Cly fraction (22 g), EtOAc fraction (20 g), n-BuOH fraction (237 g) % H.O fraction (2600 g) =
AATH(Scheme 1, 2). o]& E3IES Si0, Sephadex LH-20, RP-18, MCI gel 5<& ©]&3 column
chromatography ¥ HPLCE ©o]&3lo] F-doZHE coptisine (1430 mg), pinoresinol (11.3 mg),
isolariciresinol (4.7 mg), epiberberine (605 mg), jateorrhizine (4.5 mg), berberine (12010 mg),
palmatine (3560 mg), magnoflorine (50 mg), groenlandicine (101 mg), B-sitosterol (121 mg), ferulic
acid methyl ester (15 mg), 3-(3',4'-dihydroxyphenyl)lactic acid methylester (15 mg) 123l S 24
=] ent-pimara-8(14),15-diene-19-oic acid (continentalic acid, 10145 mg), 7B
~hydroxy-ent-pimara-8(14),15-diene-19-oic acid (38.95 mg), 7-oxo-ent-pimara-8(14),15-diene-19-oic

_12_



acid (2049 mg), 16a-methoxy-17-hydroxy-ent-kauran-19-oic acid (7.85 mg), 15a,16a
—epoxy—17-hydroxy—ent-kauran—-19-oic acid (35.87 mg), 17-Hydroxy-ent-kaur-15-en-19-oic acid (20
mg), 16a,17-dihydroxy-ent-kauran-19-oic acid (18.25 mg), mixture (3:2) F ¢ stigmasta-5-en-33
-ol (B-sitosterol) ¥ stigmasta-5,22-dien-3B-ol (stigmasterol) (500 mg), mixture (9:1) FEj
daucosterol (B-sitosterol glucoside) ¥} stigmasterol glucoside (1000 mg), 7-dehydroabietanone (4
mg), 16a-hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid (40 mg), ent-kaur-16-en-19-oic- acid
(kaurenoic  acid, 736 mg), ent-pimara-8(14),15-diene-19-ol (ent-pimarol, 20 mg), 8a
-Hydroxy-ent-pimara—15-en-19-ol (ent-thermarol, 15 mg), 43
~hydroxy-19-nor(-)-pimara-8(14),15-diene (7 mg), 4-epiruilopezol (7 mg), lignoceric acid (80 mg),
(+)-spathulenol (5 mg), dehydrofalcarindiol(10 mg), D-fructose (100 mg), chlorogenic acid
(5-caffeoylquinic acid, 500 mg), 3,5-di-O-caffeoylquinic acid (10 mg), neochlorogenic acid
(3-caffeoylquinic acid, 10 mg), sucrose (100 mg), caffeic acid (10 mg), cryptochlorogenic acid
(4-caffeoylquinic acid, 10 mg), l-kestose [O-B-D-fructofuranosyl-(2—1)-B-D-fructofuranosyl-(2—
1)-a-D-glucopyranoside, 260 mgl, methyl-a-D-fructofuranoside (210 mg), protocatechuic acid (200
mg), thymidine (20 mg), uridine (20 mg) 1# 312 methyl-B-D—fructofuranoside (30 mg)< 23
e AAE Ay dEs g dE 24E 2 2 addTH A8 AERE AFstith

() F83 529 BALHLE 248 AL
w2l =2 72 HelHE Fote] A TC] 7hs s HPLCAl A&t ARy} ol gds 24t £eld

o] #HHe] FAEMHEE /Ndelal validations Fdke] A AFHE ANdstden] AldEal 9l hef

i
i
il

P

& FYste] ARAETFS Aastsich TLC ¥4 2 LC-MS/MS A E AES AL, HPLCY A& %

FE 7|2 data AR 7], AAAE BAS Al

D FHA S8 AYHGAHAEZDY FAZAHYE AL

3tedo]  H-9  berberine, palmatine, coptisine, epi-berebrine ¥ Z&9o AFTFAEA

epi—continentalic acid, kaurenoic acid, continentalic acid®] A %*x7Hd<S HPLC-UV Ho=z A
gstditt. HPLC-UVH ez Fd 3 589 columne C-18% °]&4e 247 10 mM
hexansulfonic acid-acetonitrileZ} 0.1% TFA-acetonitrile; UVE 254 nm<} 205 nmZ A FHS
ki ais g

D FH S8 PP ELDY FAEAY AF (validation)

Gy g 3t A =do A AZFHel g HPLC/UV Wi 9] validations ths

o] dis) AAFoEN FAEAHA A BdE S dEstdnh

- &4 (Reproducibility)

- A8% 9 AU% (Accuracy and Precision)

- 3]9=&(Recovery)

- ¢4 (Robustness)

- oA A (Stability)

D FEH 589 ANF F5FY AHSHAHE §F 34

Gy 589 AF FeF B Aoy AT FHy 5o A Aok digh Ay
o] e SAHSATE Coptis chinensis= F¥ F84% 47471 5% {50 Aoy
%34 (Picrorrhiza kurrooa)®t Z3¢ (Jeffersonia dubia)oll= B2 471 A Eo] HETH
A ekokt). ®3k 538 Aralia cordata diterpene AEo] HEF U oy H5E (Angelica

pubescens)< diterpene Ao HEE A %ok}
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D #HEI &9 TLC ¥4 % LC-MS/MS &4 7/
38 9] alkaloidA A& =39 diterpened A& 73 EAHrHe TLC WH O Z silica
9 9 hexane : EtOAc

gel plate®} &vwl= 22 n- propanol : formic acid : H.O =90 :1:9
(5% formic acid) = 5 : B0 7teedn. ey 58 (xR LC-MS/MSE] &4 9]
7} s A T

> HPLCE #43 ¥ 3o d44ES TASR Rprograme ©]83 A4S A4
s

o ztzbel Aorel sl AR BFIL 7

L =t &4y 535 79E@iAd) 2 FHste] & dx3 5 Adsta 70% EtOHZ F 13F  F
= goll A8 A5 Alsstad

& FE=HE 3d FF7IE 5ot d2E HO0E 7Heho
AEAZ T v Zo] guje] FASV o7 BIS AAEe CH.Cly fraction (230 g), n-BuOH
fraction (1100 g) @ H,O fraction (840 g)& <At}

S A FF72 5] d2E HOZE 7tste] A A v 2o
o7 FIS HAEe] E5F hexane fraction (360 g), CH:Cly fraction (22 g),
EtOAc fraction (20 g), n-BuOH fraction (237 g) % H.O fraction (2600 g) < At}

. =% 12 kg MeOH F&9
o

%HHQ =4 Z7]_

3w o 2 H ¥ coptisine (1430 mg), pinoresinol (11.3 mg), isolariciresinol (4.7 mg), epiberberine (605
mg), jateorrhizine (4.5 mg), berberine (12010 mg), palmatine (3560 mg), magnoflorine (50 mg),
groenlandicine (101 mg), B-sitosterol (121 mg), ferulic acid methyl ester (15 mg), 281
3-(3',4’'-dihydroxyphenyDlactic acid methylester (15 mg)< ¥ « 333

=32 HE ent-pimara-8(14),15-diene-19-oic  acid (continentalic acid, 10145 mg), 78
~hydroxy-ent-pimara-8(14),15-diene-19-oic acid (38.95 mg),
7-oxo—-ent-pimara-8(14),15-diene—-19-oic acid (20.49 mg), 16a
-methoxy—-17-hydroxy-ent-kauran—19-oic acid (7.85 mg), 15a,16a

—epoxy—17-hydroxy-ent-kauran-19-oic acid (35.87 mg), 17-Hydroxy-ent-kaur-15-en-19-oic acid
(20 mg), 16a,17-dihydroxy-ent-kauran-19-oic acid (1825 mg), mixture (3:2) FE=
stigmasta-5-en-3B-ol (B-sitosterol) ¥} stigmasta-5,22-dien-3B8-0l (stigmasterol) (500 mg),
mixture (9:1) #HEje] daucosterol (B-sitosterol glucoside) ¥ stigmasterol glucoside (1000 mg),
7-dehydroabietanone (4 mg), 16a-hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid (40 mg),
ent-kaur-16-en-19-oic- acid (kaurenoic acid, 736 mg), ent-pimara-8(14),15-diene-19-o0l
(ent-pimarol, 20 mg), 8a-Hydroxy-ent-pimara-15-en-19-ol (ent-thermarol, 15 mg), 48
~hydroxy—-19-nor(-)-pimara-8(14),15-diene (7 mg), 4-epiruilopezol (7 mg), lignoceric acid (80 mg),
(+)-spathulenol (5 mg), dehydrofalcarindiol(10 mg), D-fructose (100 mg), chlorogenic acid
(5-caffeoylquinic acid, 500 mg), 3,5-di-O-caffeoylquinic acid (10 mg), neochlorogenic acid
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(3-caffeoylquinic acid, 10 mg), sucrose (100 mg), caffeic acid (10 mg), cryptochlorogenic acid
(4-caffeoylquinic acid, 10 mg), 1-kestose [O-B-D-fructofuranosyl-(2—1)-B-D-fructofuranosyl-(2—
1)-a-D-glucopyranoside, 260 mg], methyl-a-D-fructofuranoside (210 mg), protocatechuic acid (200
mg), thymidine (20 mg), uridine (20 mg) 12 i methyl-B-D-fructofuranoside (30 mg)< &34
o}

6. 3# o berberine, coptisine, palmatines A ZAFE o2 HPLC-UV EAMHS AE3 L. 7zt
Zrol AE2 (C18 column® 10 mM hexanesulfonic acid - acetonitrile (15% — 80% in ACN, 40

min) &v, UV 254 nmolA #40o] 7tssix, A8 AFE A% WHEEFE2 2 butylparaben

2 ALgstel 308 UlZ BAje] ekt

S

7. 719 HPLC £24%719] validation #HEZ # XA berberine, coptisine, palmatines 2 ng/mL

~ 100 pg/mL FEolA AXd B Zhzte]l AESAS} FFSdHA= 01 pg/mlt 025 pg/ml=

AEZHAJAT g 74zhe] Ao AaATE 09994, 09992 2 0.9987= =& A4S AT +
AR 3l e AFALE A WA FrRoA dddy A7 % Ay ARE7F 01%

oA, 3]FES 985% oo =& I4eS YEth

8. AA¥ HPLC %79 4AXH HER Eclipse XDS-C18 (Agilent Co.), Hydrosphere C18 (YMC
Co.) ¥ Xterra RP18 (Water Co.)2] 33]AF9] columnell tjgh & o] 37k Aol gt HPLC &
uj Z7 0 =2 theoretical plate number (N), capacity factor (k’), resolution (R)& HE3Z I o H
AR Aats A9, A7) HPLC 222 columng il
AA A% A3} chromatography ‘&< W3l7F glo] A3k HPLC 212 9] s 4

A3 BAPEYE FAstach

Astal &% 9 hexanesulfonic acidE W3}

10. AlTH% 1635 Fdz Aoy A 759 ddd d&] 44 5213 HPLC 24 Hoe=
berberine, epi-berberine, coptisine, palmatine®] ¥ #o] ZHo] 7}stAth AlToAA F+Y3 16F
o &d F 659 A EE berberine?] o] 45% oldtz thFeFd Aol HgetA @kgkar, A9
kAo A AFE ANE == 53 (Picrorrhiza kurrooa) ¥ %38 (Jeffersonia dubia)S berberine

s @ alkaloidAl o] HE% A &kt

11. 389 ARFgAS 93 TLC WY O = berberine, coptisine, palmatine, epiberberine®] ®# 7} 7}

et gHe gelwtyor 7FAsE Y LC-MS/MS W o g 3ol 4714 AEFelo] 7h53d)
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AL, 47FA Aol oigh H=d e A sk
12. HPLCo. 2 #4138 & 9] alkaloidZ A&s T4 2% R-programe ©]-&3 #EEAS A3

3
t}. dendrogram¥} partitioning 27 A9 ko] wE patterno =2 A E AT

13. 53
HPLC-UV A4S ARSI, Z+2te] AEL C18 column¥ 0.1% TFA (tirfloroacetic acid) -
acetonitrile (30 : 70, 40 min) &7, UV 205 nmoll A &2o] 7}5slgda, A8 AHS 93 WE

e

=9 epi-continentalic acid, kaurenoic acid % continentalic acidE& A EAFEOZ

=

548 3-0x0-23-hydroxyolean—-12-en-27-oic acid& AFg&3dle] 30& W E4o] 71538t

14. 4719 HPLC X %79 validation AEZ A AA S epi-continentalic acid, kaurenoic acid %
continentalic acid Z}Z} 8 pg/mL ~ 132 pug/mL s%=olA ZHAA B3l epi-continentalic acid®}
kaurenoic acid®] #HE3%HA S A A = 1 ng/mld 25 pg/ml=Z A=A continentalic acid+=
05 pg/ml¥ 1.25 pg/ml= & F ATt T3k epi-continentalic acid, kaurenoic acid % continentalic
acid %2 A#AF= 09987, 09983 % 0998602 =2 AAAHS st = vl 34E o
g LS AHAE HANY oA AFA 43 2 A AEETF 01% oW, 3]FES

0.
Zkzkol At 6.7, 13.3, 23.3 985% ng/ml FEollA 95% o] o w w& IFE&S HElATh

15. A5 HPLC Z719¢ &41dA4 AE=RZ Eclipse XDS-C18 (Agilent Co.), Hydrosphere C18 (YMC
Co.) ¥ Xterra RP18 (Water Co.)¢] 33 Ale] columnol ™3t Z&2] 37} Aol 3k HPLC &
wl 27 o =2 theoretical plate number (N), capacity factor (k’), resolution (R), selectivity (a) %

S AEsIY oy fAEE Aats d9lar, 7] HPLC 2 S22 columne 1 A3t 225 W3IA A

A gk A3 chromatography “d5eel W3trh glo] AA43 HPLC =712 529 diterpenedl A
g B g A U dS g5k

glo] HPLC #4S 93k A g9 FEH L sonication MHOE AT F&55 %0 7153+

ok 374 ARl U@ ke Ak Wgneel A 3097 gt

17. AZHE 145 523} Aelobd AF 659 523 fAAe o) A4 FE2A% HPLC ¥
% =740 Zhsetart.

Ao A} L3 =2 = Araliag =29 diterpene TS epi-continentalic acid’} 0.06 - 0.75 n

1

W © 2 epi-continentalic acid, kaurenoic acid 2 continentalic acid®]

o

g/ml, kaurenoic acid 1.09 - 6.10 pg/ml % continentalic acid 2.69 - 9.08 pg/mlE &<l HA
ofep oAl AlTe A8 T Angelica® ol =82 diterpenell FEol AEHA ol H&E ALE

e geBye AE7 Fastd
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2 continentalic

LC W¥ o2 epi-continentalic acid, kaurenoic acid
stk LC-MS/MS %Y

18. 52 ALgdE AT T
acide] Eg7F 7b5e9n =89 diterpened] AEo FolupH oz zkH
o B8 b4 Ay Helel s, b Yol B AFHE A sart
19. HPLC2o. & #4138t 589 epi-continentalic acid, kaurenoic acid % continentalic acidZl 3
N o2 R-programs ©|-&3F sJEEAS AAEATE dendrogram¥} partitioning 25 A& 3
At

ZA
Foll & patterno 2 4]
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Mod SEAFNLIA S AFHT}
51 T84
523143 dopdlel AT HAE B 2L A AT (39, B
e R E DR AR5/ B ) A B

S Lo X G 2] 2} FeREReE] 2] (A 7 o] X ImpaCt EE;LLH/ SCI
ij_i L ﬂ”“l 1 ]’o 1&0 1:1(1_) Jﬂ ] ] factor %9] 0:11?_
Protective effect of magnoflorine
isolated from Coptidis Rhizom: IR .
| |oes rom Lopuels homa om e Planta Medica | 73 [1281-1284| 1848 | ¢ | SCI
Cu+2-induced oxidation of human 8
low density lipoprotein
Magnoflorine from Coptidis B ESH .
. . ) o Bio. pharm.
2 |Rhizoma protects high density| & A5+ ¢ Bull 30 1157-1160| 1.614 =+ 9] SCI
lipoprotein during oxidant stress 791 U
Quantitativ? determination of A Natural Product
3 |protoberberines from the roots of I ) 14 68-72 Eat]
e H A5 Sciences
Coptis chinensis
Inhibitory Activities of the] HAF, Archives of
4 |Alkaloids from Coptidis Rhizoma| W1H A 2] Pharmacal 31(11) | 1405-12 1.085 =] | SCIE
against Aldose Reductase 391 Research
L —
. stk
W% A OEEE e say | g9 | wwd | N
1
2
o, A8 A2k
_[=9 _ ] . . _
Ho ?:O_g/ ek ZA(EFH) | EUGEE) 7 | EHG@GEE3HHSE | [PCEF
1
2

% T wAAAd B8 oE TAASL ET.

o, BT/ AT 2§
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# BT B AridTel 289 dE FAAeR VEeh

% QAAE | B DBTE, YA B AIEAS ANFH 5o A FAHeR 7)4%

e AR FAY kA e Hedh 3 Had Ay dEe] B ¢ gl d
A
Cgoke] e By BAe B4 gl oy
dobA E ARe] BAW AL A B N A& 7E
C@obd mA 4y 9 AP/lue B4 FEpAWes uE 98
Cqeb 4 47 P4 P ek Ax
x —
N6z 7|El ZBdAlE

ol & A E=7t p.575, FEAL, AE 1989.
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HM1E MEFAFNLIA | =& A7 =

L1 AlRAFA2RAe S8

FH

RAYE A7EE]
Bebel fFEAR FH BelE Aste] FEAEA, S AUBYYE B 10 F o) 2 Q78 A
88 AT FEAE 43S EFEL Az L.

AT e S E (%)
Fobi) (39, Ba)e] 54 100
fori(a, 5o 2%, B3 100
Fobl(3a, B3 Jue] wel, A 100
Foril(2e, B3) AR etz A4 100

1.3 5l -9 Zend a3

3# (Coptis japonica, Coptis rhizoma)-> wug|o}A|H] 2} (Ranunculaceae)d &3l thdAzi o
2A BEE7|E w@dola F&o] SlEg2 2 2} gt d-dolgt E-Th Fare] AEF A shekAR
10004 o] A5 AF&E ol ghom 914, AAL S, FHEAH TS AR dHodAx A
g5 o2 gk} w3 Fo X Lok gk, ek Aok =4

[e] [*
FoARNA IE/E AAER G 2ol
% 943 AW, HEFIAYS AR,
Axn ok AL @A o=, ARG, 19
AAIE} FA2HE FAE GaAA BY B DB 909

stoll i3t ALy So] HauF ol gt BEZF 7] berberine 378%, 7]E} jateorrhizine, worenine,

coptisine, palmatine, sanguinarine, norsanguinarine, oxysanguinarine, 6-acetonsyl-5,6—-
dihydrosnaguinarine “12]3l magnoflorine 5 &2 7}A] alkaloid7} 9lth.  HE3F  pinoresinol,

isolariciresinol, flavonoids 3}$F& <1 coptiside I, 28] O 7} F& X1 F o]t} Berberines
Aol saA|e vszet o] FA A Zgo] u, e AAHAE TS o 2 F952E, 4

=z

3 =1
B 2 ARy F3248, 1A ZE o] glth Tetrahydroberberines 3417 oAl #-&o] it}
58S FE2UY Y (Araliaceae)ol %3t thd A xEQ W Z (Aralia continentalis Kitagawa)e]
g 2A A e FF Y, XE, HEE 5o A5 AFEEHE Ao, oA F7]= a
TS 7HA A Y Aot d A& &

(14), 15-dien-19-oic acid (continentalic

-pinene?} sabinene®] &3 A{HAd%
48 Sol deEA Jdom, 1 &

acid), (—)-kaur-16-en-19-oic ~ acid¢! diterpene°] ™ shake o 0.39% o]t} ek

<
-8

AE&  (—)-pimara
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17-hyroxy-ent-kaur-15-en-19-oic acid, 7a-hydroxy-(—)pim ara-8(14), 15-dien-19-oic acid, 16
a,17-dihydroxy (—)-kauran—19-oic acid, 16-hydroxy—17-isovaleroyloxy—ent-kauran-19-oic  acid,
falcarindiol, dehydrofalcarindiol, dehydrofalcarindiol-8-acetate, falcarindiol-8-acetate, alpha-mono
palmitin, stigmasterol, @3 daucosterol %°¢] #z HI HoJUr} FH, continentalic acide
methicillin-resistant Staphylococcus aureus®| W 3a}e] & &A1& el n 48 9t}

Weld thebe B4 AL Bepd FAn S82 ggoR dobe 08 9 A Bk fEol
We Pag wg A Astel AR FH Wb 12T MYoR FY L AN, FENS
Fud Bast ok B WAL /198, WAL OFF JRS TR o] AW 159 AEA

oz Hrhsted @AV dome BE oug B4 Som A% Wa, dop) APBHAR B
AEA W EERIATE 99 A BYYE AT L AYE BFE O Fust A8, P
B L T0% L AAE AYBYAE BAY 2 BEAAATH AT AT e

Moz MEATFLntA ol =& A7 e & 2

7h AFUE
D F FAG F@e] FH (194, AA)
@ #FA} %Y 3%, 29

® BEazEIRNE ol g% FHt BB H¥ Lo, A

@ FA} 23 YR FgTFE Y

® &5 ATE AT YLBYYE JF A=

® fFagEom 30d 34% oo el 4FE EFE Ax Y EEE FAA 44

(W) A+49

O U AP B} BB FY (194, )
_7‘l:

Q@ Fdy g9 & 9 3
- 70% EtOH F%, 27 CH.Cly, EtOAc, n~BuOH % H,O fraction® %]

3 FAx 53 g HoTE A4
- Mass Spectrometry, IR Spectrophotometry, UV Spectrophotometry, IH*NMR,
FC-NMR ¢ #4324 248 g3t 72§74
4) FH 58 70% EtOH FE==% Fd4d SFEES &5 744 &d AFd o &

HM3& MEFAFNLIA S =& A7 Auf

g5 9@ E SR & Axd & M4dstal 70% EtOHZE & 13% 5
A FE AFE AlEE AT} (El) stk = Y E HOH 3‘%%1
10 kg MeOH F&H43 =2 12 kg MeOH

)
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N
)
)
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n-BuOH fraction (1100 g) % H.O fraction (840 g)¢] 2z} ¥3 &3} =& hexane fraction (360 g),
CH:Cly fraction (22 g), EtOAc fraction (20 g), n-BuOH fraction (237 g) % H.O fraction (2600 g) =
AATHScheme 1, 2). o]E EIHES Si0, Sephadex LH-20, RP-18, MCI gel 5% ©]&3% column
chromatography 2@ HPLCZE o] &3} ¥ o ZRE coptisine (1430 mg), pinoresinol (11.3 mg),
isolariciresinol (4.7 mg), epiberberine (605 mg), jateorrhizine (4.5 mg), berberine (12010 mg),
palmatine (3560 mg), magnoflorine (50 mg), groenlandicine (101 mg), B-sitosterol (121 mg), ferulic
acid methyl ester (15 mg), 3-(3',4'-dihydroxyphenyl)lactic acid methylester (15 mg) 2831 S =23
1= ent-pimara-8(14),15-diene-19-oic acid (continentalic acid, 10145 mg), 73
~hydroxy-ent-pimara-8(14),15-diene-19-oic acid (38.95 mg), 7-oxo-ent-pimara-8(14),15-diene-19-oic
acid (2049 mg), 16a-methoxy-17-hydroxy-ent-kauran-19-oic acid (7.85 mg), 15a,16a
—epoxy—17-hydroxy—ent-kauran—-19-oic acid (35.87 mg), 17-Hydroxy-ent-kaur-15-en-19-oic acid (20
mg), 16a,17-dihydroxy-ent-kauran-19-oic acid (18.25 mg), mixture (3:2) F ¢ stigmasta-5-en-33
-ol (B-sitosterol) ¥ stigmasta-5,22-dien-3B-ol (stigmasterol) (500 mg), mixture (9:1) FEj
daucosterol (B-sitosterol glucoside) ¥} stigmasterol glucoside (1000 mg), 7-dehydroabietanone (4
mg), 16a-hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid (40 mg), ent-kaur-16-en-19-oic acid
(kaurenoic  acid, 736 mg), ent-pimara-8(14),15-diene-19-ol (ent-pimarol, 20 mg), 8a
-Hydroxy-ent-pimara—15-en-19-ol (ent-thermarol, 15 mg), 43
~hydroxy-19-nor(-)-pimara-8(14),15-diene (7 mg), 4-epiruilopezol (7 mg), lignoceric acid (80 mg),
(+)-spathulenol (5 mg), dehydrofalcarindiol (10 mg), D-fructose (100 mg), chlorogenic acid
(5-caffeoylquinic acid, 500 mg), 3,5-di-O-caffeoylquinic acid (10 mg), neochlorogenic acid
(3-caffeoylquinic acid, 10 mg), sucrose (100 mg), caffeic acid (10 mg), cryptochlorogenic acid
(4-caffeoylquinic acid, 10 mg), 1l-kestose [O-B-D-fructofuranosyl-(2—1)-B-D-fructofuranosyl-(2—
1)-a-D-glucopyranoside, 260 mgl, methyl-a-D-fructofuranoside (210 mg), protocatechuic acid (200
mg), thymidine (20 mg), uridine (20 mg) 12|31 methyl-B-D-fructofuranoside (30 mg)< 2|3} th
(Scheme 3, 4). 2] BAE Ay ES AT 24 2 E5gdddTHed A48 N8R
Al g8k ATHE 1-3).

() &4 &9 gz 234
s Byd AEEY Eg3terd S AESHA Mass Spectrometry, IR Spectrophotometry,
UV Spectrophotometry, '"H-NMR, "“C—-NMR%E9] 7}& E33t4 wpie] o3 Ao ~AEHS BA5
ATt 53] NMRE ol&s SHES &3 se+x5 AAsIdoh. aejar 7], acetylation®
E

methylation59] W3S B3 GEAES 150 88122 A=t o] &3¢t
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ke

7142 &3k AEA] & (%)
1 Aralia contimemtalis Kitagawa. AE HE 200634 19.8
.2 Angelica pubescens f. biserrata. =0 A A 30.6
.3 Angelica pubescens f. biserrata. o 354 o= A % 20.6
.4 Angelica pubescens f. biserrata. e A 13.9
.5 Aralia contimemtalis Kitagawa. A&zt M 11.3
.6 Aralia contimemtalis Kitagawa. AE A AR 16.2
.7 Picrorrhiza kurrooa. (534) T A% k= Al 20.6
.8 Coptis chinensis. (F.2&) = A A& A% 5.9
.9 Coptis chinensis. (34) = AL &A1 9.5
10 Coptis chinensis. (34) Z = Abd Qb= Al 10.8
11 Coptis chinensis. (34) = A o= Al 14.9
12 Coptis chinensis. (34) = Abd A A 10.3
13 Jeftersonia dubia. (Z34) - B A 10.2

_27_



Powdered rhizome of Coptis chinensis (10 kg)
| Reflux with MeOH

MeOH extract (2.2 kg)
| Suspended with H;O : MeOH (9:1)

Aqueous layer

| Partitioned with CH,Cl,
CH,(l; layer (230 g) Aqueous layer
| Partitioned with -BuOH
3-sitosterol | |
n-BuOH layer Aqueous layer
(1.1 kg) (840 g)
silica gel silica gel
MCI-CHP20 MCI-CHP20
sephadexLH20 sephadex LH20
ferulic acid methyl ester isolariciresinol berberine epiberberine groenlandicine magnoflorine
3-(3'4"-dihydroxyphenyl)lactic acid methylester ~ pinoresinol coptisine
jateorrhizine palmatine

Scheme 1. Extraction and fractionation of powdered rhizome of Coptis chinensis.

Root of Aralia continentalis (12 kg)

|Reflux with MeOH

MeOH extract
|Suspended with H,O : MeOH (9:1)

Aqueous layer
|Pa1titi0ned with Hexane

Hexane layer (ca. 360 g)  Aqueous layer
| Partitioned with CH,Cl,
CH,Cl, layer (ca. 22 g) Aqueous layer
|Partitioned with EtOAc
EtOAc layer (ca. 20 g) Aqueous layer
|Partitioned with n-BuOH

n-BuOH layer Aqueous layer
(ca. 237g) (ca. 2600 g)

Scheme 2. Extraction and fractionation of the root of Aralia continentalis.
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n-Hexane fr. (360 g)

Hexane:FtOAc (10:1>0:1) — EtOAc:MeOH (10:1 — 10:3)
silica gel c.c. (12 x 120 cm)

F01 P02 PT84y FOo4  FOS  FOs  FO7  FOS F09 FI0. F11 F12 TFlI3 TFld FI5
313 14F0 628 12156 2) 24.19) 1060 379 (1367 (74g ©lg W3igdlly 629172y 1779
§ P30
enf-pimarol -
" (+)-spathulenol dehydrofalcarindiol
A % 4
kaurenoic aci I .
lignoceric acili Mother  Ppi06 16ct-hydroxy-17-isovaleroyloxy-ent

liquor mixture of B-sitosterol & kauran-19-oic acid
/!\ stigmasterol

Mother Ppt03-1 7-ox0-enf-pimara-8(14),15-diene-19-oic acid
liquor-I(64 g) continentalic acid 1°®-16x-epoxy-17-hydroxy-exf-Kauran-19-oic acid

Sa-hydroxy-esf-pimara-15-en-19-ol (ent-thermaror

17-hydroxy-enf-kaur-15-en-19-oic acid

: Pptld
4B-hydroxy-19-nor()-pimara-8(14),15-diene Mother liquor ¢ B-sitosterol
4-epiruilopezol & stigmasterol glucosides

kaurenoic acid

7-dehydroabietanone

Scheme 3. Isolation of compounds from the n-hexane fraction of Aralia continentalis.

n-BuOH fr. (160 g)

I CH,Cly: MeOH=5:1 8i0; column

1 3+4 7 8 9 10 11 12 13+14 15 16
9.6 2 (122 g) 24.6 g) 11g 862 (72lg (148 g) 4.6 g)
T e [mcree
1 2 3 4 Hz0 40%MeOH 60%MeOH MeOH H:0 40%MeOH 6§0%MeOH MeOH
l #49g) 255g) 0939 029 ¢) (12.62 g) (145 g) 046 9 028 g)
caffeic acid | H
protocatechuic acid
thvmidine fimctose :
. L H sucrose filtrate
uridine

HPLC

I lMCI gel | I Silica gel column
HzO 40%MeOH 60%MeOH DMMeOH

(193¢ @40g 022 (02g)

methyl-a-D-fructofuranoside

chlorogenic acid 1-kestose
neochlorogenic acid
cryptochlorogenic acid

methyl-B-D-fructofuranoside 3,5-di-O-caffeoylquinic acid

Scheme 4. Isolation of compounds from the n-BuOH fraction of Aralia continentalis.
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F 2. AFUE AT AT A4
2 & 2 9 M=st 2 (mg)

coptisine 1430
pinoresinol 11.3
isolariciresinol 4.7
epiberberine 595
jateorrhizine 4.5
berberine 12000
palmatine 3560
magnoflorine 40
groenlandicine 91
B-sitosterol 111
ferulic acid methyl ester 10
3-(3',4'-dihydroxyphenyl)lactic acid methylester 10
ent-pimara-8(14),15-diene-19-oic acid (continentalic acid) 10145
7B-hydroxy-ent-pimara-8(14),15-diene-19-oic acid 38.95
7-oxo-ent-pimara-8(14),15-diene-19-oic acid 20.49
16a-methoxy-17-hydroxy-ent-kauran-19-oic acid 7.85
15a,160-epoxy-17-hydroxy-ent-kauran-19-oic acid 35.87
16a,17-dihydroxy-ent-kauran-19-oic acid 18.25
mixture (3:2) of stigmasta-5-en-33-ol (B-sitosterol) and stigmasta-5,22-dien-3B-ol (stigmasterol) 500
mixture (9:1) of daucosterol (B-sitosterol glucoside) and stigmasterol glucoside 1000
7-dehydroabietanone 4
16a-hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid 40
ent-kaur-16-en-19-oic-acid (kaurenoic acid) 736
ent-pimara-8(14),15-diene-19-ol (ent-pimarol) 20
4B-hydroxy-19-nor(-)-pimara-8(14),15-diene 7
4-epiruilopezol 7
lignoceric acid 20
(+)-spathulenol 5
dehydrofalcarindiol 5
17-Hydroxy-ent-kaur-15-en-19-oic acid 5
8a-Hydroxy-ent-pimara-15-en-19-ol (ent-thermarol) 5
D-fructose 100
chlorogenic acid (5-caffeoylquinic acid) 100
3,5-di-O-caffeoylquinic acid 10
neochlorogenic acid (3-caffeoylquinic acid) 10
sucrose 100
caffeic acid 10
cryptochlorogenic acid (4-caffeoylquinic acid) 10
1-kestose [O-B-D-fructofuranosyl-(2—1)-B-D-fructofuranosyl-(2—1)-a-D-glucopyranoside] 20
methyl-a.-D-fructofuranoside 20
protocatechuic acid 50
methyl-B-D-fructofuranoside 10
thymidine 10
uridine 10
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& 3. HPLC ¥A4d s sish= i
s}3tE A (mg)
coptisine 10
palmatine 10
berberine 10
magnoflorine 10
epiberberine 10
groenlandicine 10
ent-pimara-8(14),15-diene-19-ol (ent-pimarol) 5
16a-hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid 5
ent-pimara-8(14),15-diene-19-oic acid (continentalic acid) 10
F 4. AFFESAH AE AR
DsE o ==
3 8 2 o =2 7 o
coptisine 40 95.4
pinoresinol 10 95.0
epiberberine 10 95.0
jateorrhizine 10 95.0
berberine 3000 98.1
palmatine 3000 95.4
magnoflorine 10 95.4
groenlandicine 10 99.4
B-sitosterol 10 99.8
ferulic acid methyl ester 10 99.8
ent-pimara-8(14),15-diene-19-oic acid (continentalic acid) 3000 99.8
16a-hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid 10 95.4
ent-kaur-16-en-19-oic-acid (kaurenoic acid) 3000 99.8
lignoceric acid 10 99.8
chlorogenic acid (5-caffeoylquinic acid) 10 99.4
3,5-di-O-caffeoylquinic acid 10 99.8
neochlorogenic acid (3-caffeoylquinic acid) 10 99.8
caffeic acid 10 99.8
cryptochlorogenic acid (4-caffeoylquinic acid) 10 99.4
1-kestose _ [O-B-D-fructofuranosyl-(2—1)-B-D-fructofuranosyl-(2—1)-a. 10 99 8
-D-glucopyranoside]
methyl-a-D-fructofuranoside 10 98.8
protocatechuic acid 10 95.4
methyl-B-D-fructofuranoside 10 98.8
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(th Fdo=ry 2ad 338e] 238 A=

1. Berberine

mp 203-204C; 'H-NMR (400 MHz, CD;OD) : § 9.75 (1H, s, H-8), 8.69 (1H, s, H-13), 8.10 (1H, d, J =
8.3 Hz, H-11), 7.98 (1H, d, J = 8.4 Hz, H-12), 7.64 (1H, s, H-1), 6.94 (1H, s, H-4), 6.09 (2H, s, OCH,0),
491 (2H, t, J = 6.4, H-6), 4.18 (3H, s, 9-OCH3), 4.09 (3H, s, 10-OCHs), 3.24 (2H, t, J = 6.4 Hz, H-5);
PC-NMR (100 MHz, CD;OD) : & 151.0 (C-10), 150.8 (C-3), 148.7 (C-2), 144.6 (C-9), 1452 (C-8), 138.5
(C-13a), 134.0 (C-12a), 130.7 (C-4a), 126.8(C-11), 123.3(C-12), 122.1 (C-8a), 120.7 (C-13b), 120.3 (C-13),
108.2 (C-4), 105.3 (C-1), 102.5 (OCH»0), 61.3 (C-9, OCHzs), 56.4 (C-10, OCH3), 56.0 (C-6), 27..0 (C-5).

2. Magnoflorine

mp 248-249C; 'H-NMR (400 MHz, CD;OD): § 6.65 (1H, d, J = 6.5 Hz, H-9), 6.46 (1H, d, J = 6.5 Hz,
H-8), 6.45 (1H, s, H-3), 3.78 (3H, s, 10-OCH;), 3.80 (1H, m, C-6), 3.80 (3H, s, 2-OCHzs), 3.45 (1H, m,
H-5), 3.23 (1H, m, H-5), 3.23 (3H, s, N'CH3), 3.10 (1H, m, H-4), 2.93 (1H, dd, J = 3.2, 12.3 Hz, H-7),
2.77 (3H, s, N'CH3), 2.58 (1H, m, H-4), 242 (I1H, br t, J = 12.3, 13.6 Hz, H-7); "C-NMR (100 MHz,
CD3;0OD): § 151.9 (C-2), 150.5 (C-10), 149.4 (C-1), 148.4 (C-11), 124.8 (C-7a), 122.4 (C-11b), 122.3 (C-11a),
119.8 (C-6b), 115.9 (C-8), 114.7 (C-3a), 109.4 (C-9), 108.3 (C-3), 69.9 (C-6a), 61.12 (C-5), 55.1 (2-OCHa),
54.8 (10-OCH3), 52.7 (N'CH3), 42.8 (N'CH3), 30.5 (C-7), 23.5 (C-4).

3. Groenlandicine

mp 175-178°C; 'H-NMR (400 MHz, CD;OD) : & 9.62 (IH, s, H-8), 8.69 (IH, s, H-13), 7.86 (1H, d, J =
8.0 Hz, H-11), 7.82 (1H, d, J = 8.0 Hz, H-12), 7.60 (1H, s, H-1), 6.83 (1H, s, H-4), 6.43 (2H, s, OCH-0),
4.89 (2H, m, H-6), 3.99 (2-OCH3), 3.28 (H-5); “C-NMR (100 MHz, CD;OD) : § 150.8 (C-3), 148.5 (C-2),
147.7 (C-10), 1444 (C-9), 1439 (C-8), 138.4 (C-13a), 133.5 (C-12a), 129.0 (C-4a), 121.7 (C-12), 121.0
(C-11), 120.6 (C-13), 118.1 (C-13b), 114.7 (C-4), 112.4 (C-8a), 108.6 (C-1), 104.8 (OCH,0), 56.2 (C-6), 55.7
(2- OCHs), 26.4 (C-5).

4. Jateorrhizine

mp 203-205C; 'H-NMR (400 MHz, CD;OD) : & 9.71 (I1H, s, H-8), 8.74 (1H, s, H-13), 8.08 (1H, d, J =
8.0 Hz, H-11), 7.97 (1H, d, J = 8.0 Hz, H-12), 7.63 (1H, s, H-1), 6.84 (1H, s, H-4), 448 (2H, m, H-6),
4.18 (3H, s, 9-OCH;), 409 (3H, s, 10-OCH;), 4.00 (3H, s, 2-OCH;), 3.18 (2H, m, H-5); "C-NMR (100
MHz, CD;OD) : 6 150.6 (C-9), 150.5 (C-2), 148.4 (C-3), 145.0(C-8), 144.5 (C-10), 139.1 (C-13a), 134.2
(C-12a), 129.1 (C-4a), 126.8 (C-12), 123.1(C-11), 122.0 (C-13b), 119.7 (C-13), 118.2 (C-8a), 114.7 (C-4),
108.8 (C-1), 61.3 (9-OCH3), 55.7 (10-OCH3), 56.4 (2-OCHs), 56.2 (C-6), 26.4 (C-5).

5. Coptisine

'H-NMR (400 MHz, CD;OD) : & 9.71 (1H, s, H-8), 8.71 (IH, s, H-13), 7.87 (1H, d, J = 8.0 Hz, H-11),
7.83 (1H, d, J = 8.0 Hz, H-12), 7.63 (1H, s, H-1), 6.84 (1H, s, H-4), 6.45 (2H, s, OCH:0), 6.09 (2H, s,
OCH,0), 4.89 (2H, m, H-6), 323 (2H, m, H-5); "C-NMR (100 MHz, CD;OD) : § 151.0 (C-10), 148.8
(C-3), 148.1 (C-2), 144.6 (C-8), 144.1 (C-9), 137.8 (C-13a), 133.2 (C-12a), 130.6 (C-4a), 121.9 (C-12), 121.6
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(C-13b), 120.7 (C-13), 120.7 (C-11), 112.5 (C-8a), 108.2 (C-4), 105.3 (C-1), 105.0 (OCH,0), 102.5 (OCH,0),
56.0 (C-6), 27.0 (C-5).

6. Palmatine

'H-NMR (400 MHz, CD;OD) : § 9.78 (I1H, s, H-8), 8.88 (I1H, s, H-13), 8.10 (1H, d, J = 8.0 Hz, H-11),
8.00 (1H, d, J = 8.0 Hz, H-12), 7.63 (1H, s, H-1), 7.03 (1H, s, H-4), 487 (2H, m, H-6), 4.19 (3H, s,
9-OCH3), 4.08 (3H, s, 10-OCHs), 3.97 (3H, s, 2-OCH3), 3.92 (3H, s, 3-OCH3), 3.52 (2H, m, H-5); "C-NMR
(100 MHz, CD;OD) : & 152.6 (C-3), 150.7 (C-10), 149.7 (C-2), 145.2(C-8), 144.5 (C-9), 138.6 (C-13a), 134.0
(C-12a), 128.9 (C-4a), 126.8 (C-12), 123.3(C-11), 122.1 (C-13b), 120.1 (C-13), 119.3 (C-8a), 111.0 (C-4),
108.7 (C-1), 61.3 (9-OCH3), 56.4 (10-OCHj), 56.1 (2-OCHj;), 55.8 (3-OCH3), 55.4 (C-6), 26.6 (C-5)
LC-ESI-MS/MS m/z 352 [M]’, 337, 322, 308.

7. Epiberberine

'H-NMR (400 MHz, CD;OD) : & 9.70 (1H, s, H-8), 8.81 (IH, s, H-13), 7.88 (IH, d, J = 8.0 Hz, H-11),
7.83 (1H, d, J = 8.0 Hz, H-12), 7.63 (lH, s, H-1), 7.03 (1H, s, H-4), 6.45 (2H, s, OCHx0), 4.88 (2H, m,
H-6), 3.97 (3H, s, 2-OCH3), 3.92 (3H, s, 3-OCHs), 3.26 (2H, m, H-5); "C-NMR (100 MHz, CD;OD) : §
152.6 (C-3), 149.7 (C-2), 147.9 (C-10), 144.5 (C-9), 144.1 (C-8), 137.9 (C-13a), 133.3 (C-12a), 128.7 (C-4a),
121.8(C-12), 121.1(C-11), 121.0 (C-13), 119.3 (C-13b), 112.5 (C-8a), 111.0 (C-4), 108.5 (C-1), 104.9
(OCH;0), 56.2 (C-6), 55.8 (2-OCH3), 55.5 (3-OCHzs), 26.5 (C-5).

8. Isolariciresinol

mp 157-158°C; UV max (MeOH): 205, 285 nm; "H-NMR (400 MHz, CDs;OD) : 6 6.73 (1H, d, J = 8.0 Hz,
H-6'), 6.66 (1H, s, H-2"), 6.64 (1H, s, H-5), 6.60 (1H, d, J = 6.0 Hz, C-5"), 6.17 (1H, s, H-2), 3.80 (1H, s,
H-7", 3.80 (3H, s, 3-OCHs), 3.79 (3H, s, 3'-OCHs), 3.69 (1H, dd, J = 4.9, 11.0 Hz, H-9), 3.66 (1H, d, J =
43 Hz, H-9"), 3.64 (1H, d, J = 1.6 Hz, H-9), 3.39 (1H, dd, J = 4.0, 11.0 Hz, H-9"), 2.77 (1H, d, J = 8.0
Hz, H-7), 2.00 (1H, m, H-8); "C-NMR (100 MHz, CD;OD) : § 147. 8 (C-3"), 146.0 (C-3), 144.7 (C-4"),
144.1 (C-4), 1374 (C-1'), , 1329 (C-6), 127.8 (C-1), 122.0 (C-5"), 116.1 (C-2), 114.8 (C-6), 112.5 (C-2"),
111.1 (C-5), 64.7 (C-9), 60.9 (C-9"), 55.2 (3-OCHzs), 55.1 (3'-OCHs), 48.4 (C-7"), 48.2 (C-8'), 38.8 (C-8), 32.4
(C-D.

9. Pinoresinol

mp 120-121°C; UV max (MeOH): 205, 233, 281 nm; 'H-NMR (400 MHz, CD;OD) : § 6.93 (2H, d, J = 2.0
Hz, H-2 and H-2'), 6.80 (2H, d, J = 1.6 Hz, H-5 and H-5"), 6.79 (2H, dd, J = 1.6, 4.0 Hz, H-6 and H-6"),
482 (2H, s, H-7 and H-7'), 421 (2H, dd, J =2.8, 8.0 Hz, H-9a and H-9'a), 3.83 (6H, s, 3-OCH; and
3-OCHs), 3.81 (2H, dd, J = 4.0, 8.0 Hz, H-9b and H-9b), 3.12 (2H, m, H-8 and H-8); “C-NMR (100
MHz, CDs;OD) : 6 146.9 (C-3 and C-3"), 1454 (C-4 and C-4"), 133.1 (C-1 and C-1"), 119.2 (C-6 and C-6'),
1145 (C-5 and C-5"), 108.8 (C-2 and C-2"), 86.1 (C-7 and C-7'), 71.9 (C-9 and C-9'), 56.2 (3-OCH; and
3'-OCH3), 54.4 (C-8 and C-8).

10. Stigmasta-5-en-33-0l ([3-sitosterol)
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white powder; mp 136-140C:'H-NMR (400 MHz, CDCl;): & 0.68 (3H, s, H-18), 0.82 (3H, t, J = 6.6 Hz,
H-29), 0.83 (3H, d, J = 6.8 Hz, H-26), 0.84 (3H, d, J = 6.4 Hz, H-27), 0.92 (3H, d, J = 6.4 Hz, H-21),
1.01 (3H, s, H-19), 3.52 (1H, m, H-3 ), 5.35 (1H, br d, = 5.4 Hz, H-6); "C-NMR (100 MHz, CDCL): §
11.8 (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), 23.0 (C-28), 243
(C-15), 26.0 (C-23), 28.2 (C-16), 29.1(C-25), 31.6 (C-2), 31.9 (C-7), 31.9 (C-8), 33.9 (C-22), 36.1 (C-20),
36.5 (C-10), 37.2 (C-1), 39.8 (C-12), 42.3 (C-4), 42.3 (C-13), 45.8 (C-24), 50.1 (C-9), 56.0 (C-17), 56.7
(C-14), 71.8 (C-3), 121.7 (C-6), 140.7 (C-5); EIMS m/z (relative intensity) 414 (M',74), 396 (32), 381(23),
329 (37), 303 (23), 255 (47).

11. Ferulic acid methyl ester

'H-NMR (400MHz, DMSO-d¢) : § 7.56 (1H, d, J=15.8 Hz, H-7), 7.32 (I1H, s, H-5), 7.12 (1H, d, J=7.9 Hz,
H-6), 6.79 (1H, d, J=8.3 Hz, H-2), 6.48 (1H, d, J=16.3, H-8), 3.81 (3H, s, OCHs), 3.69 (3H, s, -OCHzs);
PC-NMR (100 MHz, DMSO-ds) : § 167.1 (C-9), 149.4 (C-4), 147.9 (C-3), 145.1 (C-7), 125.6 (C-1), 123.2
(C-6), 115.5 (C-2), 114.2 (C-8), 111.3 (C-5), 55.7 (OCHs), 51.3 (-OCHa).

12. 3-(3',4"-dihydroxypenyl)lactic acid methylester

'H-NMR (400 MHz, CD;OD): § 6.66 (1H, d, J = 8.0 Hz, H-5), 6.65 (1H, d, J = 2.0 Hz, H-2), 6.49 (1H,
dd, J = 2.0, 8.0 Hz, H-6), 437 (1H, dd, J = 5.0, 7.0 Hz, H-8), 3.69 (3H, s, OCH3), 2.92 (1H, dd, J = 5.0,
14.0 Hz, H-7a), 2.75 (1H, dd, J = 7.0, 14.0 Hz, H-7b); "C-NMR (100 MHz, CD;OD): § 174.7 (C-9), 143.6
(C-3), 1429 (C-4), 128.4 (C-1), 121.5 (C-6), 116.7 (C-2), 115.5 (C-5), 71.5 (C-8), 52.5 (OCHzs), 39.6 (C-7).
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Ferulic acid methyl ester 3-(3',4'-dihydroxypenyl)lactic acid methylester

Fig. 1. Structure of isolated alkaloids from Coptis chinensis.
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1. ent-Pimara-8(14),15-diene-19-0ic acid (continentalic acid)

colorless needles;, mp 165-166C; "H-NMR (400 MHz, CDCl3): 6 5.71 (1H, dd, J =10.6, 17.2 Hz, H-15),
5.14 (1H, br d, J = 1.2 Hz, H-14), 494 (1H, dd, J = 2.2, 11.2 Hz, H-16b), 491 (1H, dd, J = 2.1, 17.1,
H-16a), 2.34 (1H, ddd, J = 2.4, 4.2, 13.8 Hz, H-12b), 2.17 (1H, br d, J = 13.5 Hz, H-3b), 1.98 (1H, td, J
= 5.1, 13.8, H-12a), 1.84-1.92 (2H, m, H-6), 1.78-1.82 (1H, m, H-2b,11b), 1.74 (1H, m, H-1b)1.70 (1H, m,
H-9), 1.5-1.6 (1H, m, H-7a), 1.46-1.51 (1H, m, H-1la), 1.22-1.32 (1H, m, H-2a), 1.28 (1H, dd, J = 3.0,
14.4, H-5), 1.26 (3H, s, H-18), 1.17-1.24 (1H, m, H-7b), 1.05 (1H, dt, J = 3.9, 13.5, H-1a, 3a), 1.00 (3H, s,
H-17), 0.65 (3H, s, H-20); BC-NMR (100 MHz, CDCl;): 6 184.6 (COOH), 147.1 (C-15), 137.9 (C-8), 128.0
(C-14), 1129 (C-16), 56.1 (C-5), 50.5 (C-9), 44.0 (C-4), 39.2 (C-1), 39.2 (C-10), 38.5 (C-13), 37.9 (C-3),
36.4 (C-12), 35.8 (C-7), 29.3 (C-17), 29.2 (C-18), 24.1 (C-6), 19.6 (C-11), 19.2 (C-2), 13.8 (C-20).

2. 7-Oxo-ent-pimara-8(14),15-diene-19-oic acid

colorless needles; mp 216-218C; 'H-NMR (400 MHz, Pyridine-ds): 6 6.82 (1H, s, H-14), 5.68 (1H, dd, J =
10.2, 16.2 Hz, H-15), 5.00 (1H, dd, J = 1.4, 10.2 Hz, H-16b), 4.79 (1H, dd, J = 1.4, 16.2 Hz, H-16a), 3.71
(1H, dd, J = 13.6, 19.2 Hz, H-6b), 3.11 (1H, dd, J = 5.1, 19.2 Hz, H-6a), 2.46 (1H, brd, J = 13.2 Hz,
H-3b), 2.19 (1H, dt, J = 3.3, 13.6 Hz, H-2b), 1.99 (1H, m, H-9), 1.74 (1H, brd, J = 12.5 Hz, H-1b), 1.71
(1H, brd, J = 13.5 Hz, H-5), 1.55-1.60 (1H, m, H-12b), 1.51-1.60(2H, m, H-11b, H-2a), 1.30 (3H,s, H-18),
1.26-1.32 (1H, m, H-12a), 1.05-1.11 (2H, m, H-la, H-3a), 1.05 (3H, s, H-17), 0.94(3H, s, H-20); “C-NMR
(100 MHz, Pyridine-ds): 6 199.7 (C-7), 179.5 (COOH), 146.1 (C-15), 141.5 (C-14), 137.7 (C-8), 114.1 (C-16),
51.4 (C-5), 50.3 (C-9), 43.9 (C-10), 39.3 (C-6), 39.2 (C-13), 39.0 (C-1), 38.6 (C-3), 37.2(C-4), 35.0 (C-12),
28.6 (C-18), 28.2 (C-17), 20.2 (C-2), 19.1 (C-11), 13.0 (C-20); EIMS m/z 316 [M]  (45), 301 [M — CH;]"
(14), 288 [M — CO]" (3), 270 [M — (COOH + H)] " (35), 255 (22), 162 (62), 149 (100), 133(68), 105(88),
91(100).

3. 15a, 16a-Epoxy-17-hydroxy-ent-kauran-19-oic acid

colorless needles; mp 112-114°C; 'H-NMR (400 MHz, pyridine-ds): & 4.42 (1H, d, J = 12.8, H-17b), 4.02
(1H, d, J = 12.8, H-17a), 3.08 (1H, s, H-15), 2.55 (1H, brs, H-13), 2.46 (1H, brd, J = 12.8 Hz, H-7b), 2.25
(1H, dt, J = 3.5, 10.3 Hz, H-2b), 2.02-2.10 (2H, m, H-6b, H-14b), 1.84-1.91 (2H, m, J = 3.5, 10.3 Hz,
H-6a, H-3b), 1.73-1.76 (1H, m, H-1b), 1.39-1.68 (7H, m, H-12b, H-3a, H-2a, H-11, H-14a, H-12a), 1.34 (3H,
s, H-18), 1.18 (3H, s, H-20), 1.04-1.17 (3H, m, H-7a, H-5, H-9), 0.85 (1H, ddd, J = 3.6, 13.5, 13.5, H-1a);
PC-NMR (100 MHz, pyridine-ds): § 181.0 (COOH), 65.8 (C-16), 65.0 (C-15), 60.0 (C-17), 56.7 (C-5), 49.6
(C-9), 439 (C-4), 43.6 (C-8), 40.1 (C-1), 39.7 (C-10), 38.7 (C-3), 36.4 (C-7), 35.9 (C-13), 32.5 (C-14), 29.3
(C-18), 26.9 (C-12), 21.5 (C-6), 19.7 (C-2), 18.6 (C-11), 15.7 (C-20).

4. Mixture (3:2) of Stigmasta-5-en-33-0l ([3-sitosterol) and (24E)-Stigmasta-5,22-dien-33-0l (stigmasterol)

'H-NMR (400 MHz, CDCL): 6§ 0.68 (3H, s, H-18), 0.82 (3H, t, J = 6.6 Hz, H-29), 0.83 (3H, d, J = 6.8
Hz, H-26), 0.84 (3H, d,J = 6.4 Hz, H-27), 092 (3H, d, J = 6.4 Hz, H-21), 1.01 (3H, s, H-19), 3.52 (lH,
m, H-3 ), 535 (1H, br d, = 5.4 Hz, H-6); "C-NMR (100 MHz, CDCl;): § 11.8 (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), 23.0 (C-28), 24.3 (C-15), 26.0 (C-23), 28.2 (C-16),
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29.1 (C-25), 31.6 (C-2), 31.9 (C-7), 31.9 (C-8), 33.9 (C-22), 36.1 (C-20), 36.5(C-10), 37.2 (C-1), 39.8 (C-12),
423 (C-4), 423 (C-13), 45.8 (C-24), 50.1 (C-9), 56.0 (C-17), 56.7 (C-14), 71.8 (C-3), 121.7(C-6), 140.7
(C-5) EIMS m/z (relative intensity) 414 (M',74), 396 (32), 381(23), 329 (37), 303 (23), 255 (47).
(3-sitosterol)

'H-NMR (400MHz, CDCL): § 0.67 (3H, s, H-18), 0.78 (3H, t, J = 6.3 HzH-29), 0.83 (3H, d, J = 6.8 Hz,
H-26), 0.86 (3H, d, J = 6.4 Hz, H-27), 1.00 (3H, s, H-19), 1.01 (3H, d, J = 6.6 Hz, H-21), 3.53 (IH, m,
H-3), 535 (1H, br d, J = 54 Hz, H-6); "C-NMR (100 MHz, CDCl): § 12.0 (C-18), 122 (C-29), 19.0
(C-26), 19.4 (C-19), 21.0 (C-11), 21.1 (C-27), 21.2 (C-21), 24.3 (C-15), 25.4 (C-28),28.9 (C-16), 31.6 (C-2),
31.9 (C-7), 31.9 (C-8), 31.9 (C-25), 36.5 (C-10), 37.2 (C-1), 39.7 (C-12), 40.5(C-20), 42.2 (C-13), 42.3 (C-4),
50.1 (C-9), 51.2 (C-24), 55.9(C-17),56.9 (C-14), 71.8 (C-3), 121.7 (C-6), 129.2 (C-23), 138.3 (C-22), 140.7
(C-5) EIMS m/z (relative intensity) 412 (M, 38), 369 (6), 351(11), 300 (15), 255 (47), 213 (48), 105 (76).

(stigmasterol)

5. Mixture (9:1) of daucosterol ([3-sitosterol glucoside) and stigmasterol glucoside

'H-NMR (400MHz, CDCL): 6§ 0.69 (3H, s, H-18), 0.88 (3H, t, J = 7.5 Hz,H-29), 0.93(3H, d, J = 6.8 Hz,
H-26), 0.88 (3H, d, J = 6.4 Hz, H-27), 0.95 (3H, s, H-19), 1.09 (3H, d, J = 6.5 Hz, H-21), 4.32 (1H, m,
H-3), 485 (1H, d, J = 7.6 Hz, H-1"), 5.37 (IH, m, H-6); "C-NMR (100MHz, CDCly): § 12.2 (C-18), 12.5
(C-29), 19.2 (C-21), 19.4 (C-26), 20.0 (C-19), 21.3 (C-27), 21.5 (C-11), 23.4 (C-28), 25.7 (C-15), 28.6
(C-23), 29.3 (C-16), 29.5 (C-25), 30.3 (C-2), 32.2 (C-7), 32.2 (C-8), 342 (C-22), 369 (C-10), 37.5 (C-1),
394 (C-12), 36.4 (C-20), 42.4 (C-13), 40.0 (C-4), 46.1 (C-24), 514 (C-9), 56.2 (C-17),56.9 (C-14), 62.8
(C-6), 71.7 (C-4"), 754 (C-2"), 78.5 (C-5"), 78.6 (C-3), 78.6 (C-3"), 102.6 (C-1"), 121.9 (C-6), 140.9 (C-5).
(B-sitosterol glucoside)

'H-NMR (400 MHz, CDCL): § 0.67 (3H, s, H-18), 0.82 (3H, t, J = 6.6 Hz, H-29), 0.83 (3H, d, J = 6.8
Hz, H-26), 0.84 (3H, d, J = 7.7 Hz, H-27), 0.93 (3H, s, H-19), 1.02 (3H, d, J = 6.4 Hz, H-21), 432 (lH,
m, H-3), 489 (1H, d, J = 7.9 Hz, H-1), 535 (IH, m, H-6); "C-NMR (100 MHz, CDCl): § 12.0
(C-18),12.2 (C-29), 19.0 (C-21), 19.2 (C-27), 19.4 (C-19), 20.0 (C-26), 21.3 (C-11), 24.5 (C-15), 30.0 (C-28),
29.5 (C-16), 26.4(C-25), 28.6 (C-2), 32.1 (C-7), 32.1 (C-8), 36.4 (C-20), 36.9 (C-10), 37.5 (C-1), 39.8 (C-12),
394 (C-4), 41.8 (C-13), 42.5 (C-24), 50.4 (C-9), 56.1 (C-17), 56.8 (C-14), 62.8 (C-6"), 71.7 (C-4"), 75.4
(C-2Y, 78.1 (C-3), 78.1 (C-5"), 78.5 (C-3"), 102.6 (C-1"), 121.9 (C-6), 129.4 (C-23), 138.8 (C-22), 140.9 (C-5).

(stigmasterolglucoside)

6. 17-Hydroxy-ent-kaur-15-en-19-oic acid

amorphous powder; mp 129-131C;'H-NMR (400 MHz, pyridine-ds): & 5.61 (1H, s, H-15), 447 (1H, d, J =
1.5 Hz, H-17), 2.66 (1H, brs, H-13), 2.45 (1H, brd, J = 13.2 Hz, H-7b), 2.27 (IH, dt, J = 3.5, 10.3 Hz,
H-2b), 2.14 (1H, dd, J = 3.3, 12.5 Hz, H-6b), 2.10 (IH, d, J = 10.9 Hz, H-14b), 2.20 (1H, dd, J = 2.5,
12.5 Hz, H-6a), 1.85 (1H, brd, J = 12.9 Hz, H-1b), 1.65-1.70 (1H, m, H-3b), 1.58-1.60 (1H, m, H-12b),
1.55-1.60 (1H, m, H-3a), 1.45-1.52 (1H, m, H-2a, H-11), 1.40-1.48 (1H, m, H-14a), 1.38-1.42(1H, m, H-12a),
1.34 (3H, s, H-18), 1.19 (3H, s, H-20), 1.04-1.10 (3H, m, H-7a, H-5, H-9), 0.83 (1H, ddd, J = 4.0, 13.5,
13.5 Hz, H-la); "C-NMR (100 MHz, pyridine-ds): & 180.1 (COOH), 148.0 (C-16), 134.9 (C-15), 60.6 (C-17),
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56.8(C-5), 49.2 (C-8), 48.1 (C-9), 44.3 (C-14), 43.9 (C-4), 41.5 (C-13), 41.1 (C-1), 40.2 (C-10), 39.9 (C-3),
38.7 (C-7), 29.3 (C-18), 25.9 (C-12), 21.6 (C-6), 19.9 (C-2), 19.2 (C-11), 15.9 (C-20); EIMS m/z 318 [M] *
(13), 300 [M —H,0]" (25), 285 [M — CHs]" (22), 193 (40), 91 (100).

7. 7-Dehydroabietanone

colorless solid; mp 85-87C; "H-NMR (400 MHz, CDCl): 6 7.87 (1H, d, J = 1.7 Hz, H-14), 7.39 (1H, dd, J
= 2.2, 84 Hz, H-12), 7.29 (1H, d, J = 8.4 Hz, H-11), 2.92 (1H, m, H-15), 2.73, 2.62 (each 1H, m, H-6),
2.33 (1H, brd, J = 12.3 Hz, H-la), 1.88 (1H, dd, J = 4.3, 13.5 Hz, H-5), 1.77, 1.68 (each 1H, m, H-2),
1.57 (2H, s, H-3), 1.54 (1H, m, H-1b), 1.25, 1.23 (9H, d, H-16, H-17, H-20), 1.00 (3H, s, H-19), 0.93 (3H,
s, H-18); "C-NMR (100 MHz, CDCL): § 200.0 (C-7), 153.8 (C-9), 146.6 (C-13), 132.5 (C-12), 130.7 (C-8),
124.8 (C-14), 123.7 (C-11), 49.3 (C-5), 41.3 (C-3), 379 (C-1), 37.8 (C-10), 36.3 (C-6), 33.6 (C-15), 33.2
(C-4), 32.5 (C-18), 23.8 (C-16, C-17), 23.4 (C-20), 21.3 (C-19), 18.9 (C-2); EIMS m/z 284 [M] (58), 269
[M — CHs]" (100), 227 (36), 199 (48), 187 (57).

8. 16a-Hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid

white needles; mp 188-1907C; 'H-NMR (400 MHz, CDCl;): & 4.24, 420 (each 1H, s, H-17), 2.22 (2H, d, J
= 6.9 Hz, H-2), 2.13 (1H, m, H-3a), 2.09 (1H, m, H-3), 2.03 (1H, m, H-13), 1.93 (1H, m, H-14a), 1.90
(1H, m, H-6a), 1.82 (3H, m, H-la, H-2a, H-6b), 1.66 (1H, m, H-7a), 1.63 (1H, m, H-1la), 1.58 (1H, m,
H-12b), 1.55 (2H, brd, J = 6.3 Hz, H-15), 1.48 (3H, m, H-7b, H-11b, H-12a,), 1.42 (1H, m, H-2b), 1.21
(3H, s, H-18), 1.05 (1H, m, H-14b),1.03 (1H, m, H-5),1.02 (1H, m, H-3b), 0.97 (1H, m, H-9), 0.95 (6H, d,
J = 6.6 Hz, H-4, H-5), 0.92 (3H, s, H-20), 0.78 (1H, m, H-1b); "C-NMR (100 MHz, CDCl;): § 184.0
(C-19), 173.3 (C-1), 80.1 (C-16), 68.1 (C-17), 56.7 (C-5), 55.6 (C-9), 52.7 (C-15), 45.8 (C-13), 44.7 (C-8),
43.6 (C-4), 433 (C-2), 41.7 (C-7), 40.5 (C-1), 39.6 (C-10), 37.7 (C-3), 37.0 (C-14), 28.9 (C-18), 26.1 (C-12),
25.7 (C-3), 22.4 (C-4, C-5), 22.0 (C-6), 18.9 (C-2), 18.4 (C-11), 15.5 (C-20).

9. ent-Kaur-16-en-19-oic acid (kaurenoic acid)

colorless crystals; mp 178-180TC; "H-NMR (400 MHz, CDCls): 6 4.66, 4.60 (each 1H, s, H-17), 2.50 (1H,
brs, H-13), 1.84-2.02 (4H, m, H-3a, H-6a, H-13, H-14a), 1.69-1.77 (4H, m, H-la, H-2a, H-6b, H-7a),
1.40-1.48 (4H, H-2b, H-11a, H-12a, H-12b), 1.12 (2H, brd, J = 6.3 Hz, H-15), 1.11 (3H, s, H-18), 1.00 (1H,
dd, J = 4.6, 7.2 Hz , H-14b), 0.92 (1H, t, J = 7.0 Hz, H-5), 0.89 (1H, m, H-3b), 0.85 (1H, m, H-9), 0.82
(3H, s, H-20), 0.68 (1H, m, H-1b); “"C-NMR (100 MHz, CDCL): & 185.0 (C-19), 155.8 (C-16), 103.0
(C-17), 57.0 (C-5), 55.1 (C-9), 48.9 (C-15), 44.2 (C-8), 43.8 (C-4), 43.7 (C-13), 41.2 (C-7), 40.6 (C-1), 39.7
(C-10), 39.6 (C-14), 37.7 (C-3), 33.1 (C-12), 28.9 (C-18), 21.8 (C-6), 19.1 (C-2), 18.4 (C-11), 15.6 (C-20).

10. ent-Pimara-8(14),15-diene-19-o0l (ent-pimarol)

white powder; mp 228-229°C ;'H-NMR (400 MHz, CDCl3): & 5.70 (1H, dd, J =10.5, 17.1 Hz, H-15), 5.12
(1H, br s, H-14), 495 (1H, dd, J = 2.1, 10.5 Hz, H-16b), 4.90 (1H, dd, J = 2.1, 17.1 Hz, H-16a), 3.82 and
3.42 (each 1H, d, J = 10.0 Hz, H-19), 2.31 (1H, ddd, J = 2.4, 4.2, 13.8 Hz, H-12b), 2.02 (1H, dt, J = 4.2,
13.8 Hz, H-3b), 1.83 (1H, dd, J = 5.1, 13.8, H-3a), 1.66-1.68 (3H, m, H-1b, H-6a, H-9), 1.42-1.55 (4H, m,
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H-12a, H-1la, H-2), 1.18-1.35 (4H, m, H-6b, H-11b, H-12a, H-5) 1.03 (1H, m, H-la), 0.98 (6H, s, H-17,
H-18), 0.69 (3H, s, H-20); "C-NMR (100 MHz, CDCL): & 147.3 (C-15), 138.1 (C-8), 128.0 (C-14),
112.8(C-16), 652 (C-19), 55.7 (C-5), 51.4 (C-9), 39.1 (C-1), 38.5 (C-10, C-13), 38.2 (C-4), 36.1 (C-7), 35.7
(C-12), 35.3 (C-3), 29.4 (C-17), 27.0 (C-18), 22.4 (C-6), 19.2 (C-11), 18.6 (C-2), 15.8 (C-20); EIMS m/z 288
[M]" (10), 273 [M — CHs]" (4), 257 [M — CH,OH] (100).

11. 4p-Hydroxy-19-nox(-)-pimara-8(14),15-diene

white solid; 'H-NMR (400 MHz, CDCly): § 5.71 (1H, dd, J = 104, 17.0 Hz, H-15), 5.15(1H, brs, H-14),
495 (1H, dd, J = 1.7, 10.4 Hz, H-16b), 490 (1H, dd, J = 1.7, 17.0, H-16a), 2.35 (1H, dd, J = 3.3, 12.5
Hz, H-7b), 2.08 (1H, m, H-7a), 1.73-1.81 (3H, m, H-9, H-3b, H-6b), 1.56-1.63 (2H, m, H-1b, H-11b),
1.49-1.53 (6H, m, H-2a, H-1la, H-12a, H-6a, H-5, H-3a), 1.16 (3H, s, H-18), 1.05 (1H, m, H-1a), 0.99 (3H,
s, H-17), 0.70 (3H, s, H-20); "C-NMR (100 MHz, CDCL): § 147.3 (C-15), 137.9 (C-8), 128.3 (C-14), 112.8
(C-16), 72.4 (C-4), 56.3 (C-5), 51.1 (C-9), 42.9 (C-3), 39.0 (C-10), 38.6 (C-13), 38.4 (C-1), 35.6 (C-12), 35.4
(C-7), 29.4 (C-17), 23.5 (C-18), 21.5 (C-6), 20.3 (C-2), 19.2 (C-11), 14.3 (C-19); EIMS m/z 274 [M]" (23),
259 [M — CHs]" (17), 241 [M — CHs— H,O] (21), 189 (89), 161 (63), 121 (100).

12. 4-Epiruilopezol

white solid; 'H-NMR (400 MHz, CDCl;): & 4.80, 4.74 (each 1H, s, H-17), 2.64 (1H, brs, H-13), 2.07 (IH,
m, H-15), 1.96 (1H, m, H-14b), 1.76-1.80 (4H, m, H-3b, H-7, H-14a), 1.64 (2H, m, H-11), 1.60 (1H, m,
H-12b), 1.56 (2H, m, H-6), 1.53 (4H, m, H-1, H-2), 1.48 (1H, m, H-12a), 1.13 (2H, m, H-9, H-3a), 1.07
(1H, m, H-5), 1.12 (3H, s, H-18), 0.98 (3H, s, H-19); "C-NMR (100 MHz, CDCL): § 155.8 (C-16), 103.0
(C-17), 72.4 (C-4), 57.7 (C-5), 55.7 (C-9), 49.1 (C-15), 44.1 (C-8), 43.9 (C-13), 42.8 (C-7), 40.5 (C-1), 39.9
(C-10), 39.8 (C-14), 39.6 (C-3), 332 (C-12), 22.9 (C-18), 19.7 (C-6), 19.1 (C-2), 183 (C-11), 17.0 (C-19);
EIMS m/z 274 [M]" (16), 259 [M — CHs]" (8), 241 [M — CHs— H,O]" (21), 231 (28), 189 (49), 105 (61),
91 (100).

13. 8a-Hydroxy-ent-pimara-15-en-19-0l (ent-thermarol)

white powder; 'H-NMR (400 MHz, CDCL): & 5.94 (1H, dd, J =10.5, 17.1 Hz, H-15), 5.11 (1H, dd, J =2.1,
17.0 Hz, H-16b), 5.07 (1H, dd, J =2.1, 10.5 Hz, H-16a), 3.82 and 3.42 (each 1H, d, J = 11.0 Hz, H-19),
1.98(1H, dt, J = 3.0, 14.5 Hz, H-12b), 1.80 (1H, m, H-3b), 1.75 (1H, dt, J = 3.0, 14.5, H-7b), 1.65-1.70
(1H, m, H-1b), 1.64 (1H, dd, J = 3.0, 13.5 Hz, H-14b), 1.50-1.60 and 1.37-1.45 (6H, m, H-11, H-6, H-2),
1.20 (1H, m, H-14a), 1.18 (1H, m, H-12a), 1.16 (1H, m, H-7a), 0.92-1.01 (1H, m, H-9), 0.95 (3H, s, H-18),
0.85-0.92 (2H, m, H-3a, H-5), 0.85 (1H, m, H-la), 0.88 (6H, s, H-17, H-20); "C-NMR (100 MHz, CDCl;):
§ 147.5 (C-15), 112.0 (C-16), 72.5 (C-8), 65.1 (C-19), 57.2 (C-9), 56.4 (C-5), 53.4 (C-14), 42.3 (C-7), 39.5
(C-1), 38.6 (C-4), 37.1 (C-13), 36.4 (C-10), 36.0 (C-12), 35.5 (C-3), 32.3 (C-17), 27.0 (C-18), 18.1 (C-2,
C-6), 17.4 (C-11), 16.1 (C-20); EIMS m/z 306 [M]  (4), 288 [M —H,O] (27), 257 [M — H,0 — CH,OH]
(95), 245 (30), 55 (100).

14. (+)-Spathulenol
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colorless oil; 'H-NMR (400 MHz, CDCL): § 4.69 (I1H, brs, H-14a), 4.66 (1H, brs, H-14b), 2.42 (1H, m,
H-92), 2.20 (1H, m, H-1), 2.03 (1H, m, H-9b), 1.95 (1H, m, H-8a), 1.88 (1H, m, H-2b), 1.77 (1H, m, H-3a),
1.55 (1H, m, H-3b), 1.68 (1H, m, H-2a), 1.32 (IH, m, H-5), 1.28 (3H, s, H-15), 1.05 (3H, s, H-12), 1.03
(H, s, H-13), 0.98 (1H, m, H-8b), 0.72 (1H, ddd, J = 6.0, 9.4, 11.4 Hz, H-6), 0.46 (1H, dd, J = 9.5, 11.4
Hz, H-7); “C-NMR (100 MHz, CDCL): & 153.4 (C-10), 1062 (C-14), 81.0 (C-4), 54.3 (C-5), 53.4 (C-1),
41.7 (C-3), 38.8 (C-9), 29.9 (C-6), 28.6 (C-12), 27.5 (C-7), 26.7 (C-2), 26.1 (C-15), 24.7 (C-8), 20.2 (C-11),
16.3 (C-13); EIMS m/z 220 [M]" (7), 205 [M — CHs]'(77), 187 (30), 162 (43), 159 (55), 147 (43), 91 (100).

15. Dehydrofalcarindiol

'H-NMR (400MHz, CDCly): & 5.94(1H, dddd, J = 5.1, 5.4, 9.9, 102 Hz, H-2), 5.80 (1H, dddd, J = 3.3,
10.2, 16.8, 17.1 Hz, H-16), 5.60 (1H, m, H-10), 547 (1H, ddd, J = 0.9, 1.2, 10.2 Hz, H-1a), 5.26 (1H, ddd,
J =09, 1.5, 10.2 Hz, H-1b), 520 (1H, d, J = 8.1 Hz, H-8), 499 (1H, dd, J = 1.5, 3.3 Hz, H-17b), 4.94
(1H, m, H-17a), 2.04 (2H, m, H-11 and H-15), 1.39 (1H, m, H-14), 1.38 (1H, m, H-13), 1.28 (1H, m,
H-12); "C-NMR (100 MHz, CDCL): & 139.0 (C-16), 135.7 (C-2), 134.5 (C-10), 127.7 (C-9), 117.4 (C-1),
1143 (C-17), 79.8 (C-7), 78.2 (C-4), 70.3(C-5), 68.7 (C-6), 63.5 (C-3), 58.6 (C-8), 33.7 (C-15), 29.1 (C-12),
28.7 (C-13), 28.6 (C-14), 27.6 (C-11).

16. Lignoceric acid (tetracosanoic acid)

colorless crystals; mp 82-84C; 'H-NMR (400 MHz, CDCls): 6 2.35 (2H, t, J = 7.5 Hz, H-23), 1.62 (2H, dd,
J = 7.5, 12.0 Hz, H-22), 125 (40H, brs, CH, 20), 0.88 (3H, t, J = 6.8 Hz, H-1); "C-NMR (100 MHz,
CDCL): 6 179.0 (COOH), 33.9 (C-23), 31.9 (C-3), 29.7~29.1 (CH), 24.7 (C-22), 22.7 (C-2), 14.1 (C-1);
EIMS m/z 368 [M]".

17. 7B-Hydroxy-ent-pimara-8(14),15-diene-19-oic acid

colorless needles, mp 198-2017C; 'H-NMR (500 MHz, CDCls): 6 5.71 (1H, dd, J = 10.5, 17.5 Hz, H-15),
5.48 (1H, br s, H-14), 498 (1H, dd, J = 1.5, 10.5 Hz, H-16b), 4.86 (1H, dd, J = 1.5, 17.5 Hz, H-16a), 4.30
(1H, t, J = 3.0, H-7), 2.20(1H, dt, J = 14.0 Hz, H-3b), 2.15 (1H, m, H-9), 2.10-2.13 (2H, m, H-6), 1.86
(1H, dd, J = 7.0, 9.0 Hz, H-5) 1.81(1H, dt, J = 3.0, 14.0 Hz, H-2b), 1.74 (1H, br d, J = 13.5 Hz, H-1b),
1.58-1.61 (1H, m, H-11b,12b) , 1.50 (1H, dq, J = 3.0, 14.0 Hz, H-2a), 1.24-1.37 (1H, m, H-11a, 12a), 1.29
(3H, s, H-18), 1.12 (1H, ddd, J = 4.5, 13.5,13.5 Hz, H-la), 1.12 (1H, m, H-3a), 1.06 (3H, s, H-17), 0.65
(3H, s, H-20); "C-NMR (125 MHz, CDCly): & 183.8 (COOH), 146.4 (C-15), 140.1 (C-8), 133.2 (C-14), 113.3
(C-16), 73.2 (C-7), 48.2 (C-5), 45.6 (C-9), 43.6 (C-10), 39.2 (C-4), 38.9 (C-1), 38.5 (C-13), 37.9 (C-3), 35.5
(C-12), 30.5 (C-6), 29.0 (C-17), 28.8 (C-18), 19.5 (C-2), 18.6 (C-11), 13.0 (C-20); EIMS m/z 318 [M]" (71),
300 [M — H,0]  (40), 285 [M — (H,O + CH3)]" (37), 275 (10), 255 (16), 239 [M — (H,O + CH; + COOH
+ H)]" (24), 185 (24), 164 (48), 146 (89), 131 (70), 123 (97), 105 (71), 55 (100).

18. 16a-Methoxy-17-hydroxy-ent-kauran-19-oic acid

amorphous powder; 'H-NMR (500 MHz, CDCl): 6 3.75 (2H, br s, H-17), 3.17 (3H, s, OCH3), 2.20 (1H, s,
H-13), 2.17 (1H, dt, J =3.5, 13.5 Hz, H-3b), 1.90 (1H, m, H-11), 1.89 (1H, br d, J =11.0, H-14b), 1.83 (1H,
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m, H-1b), 1.82 (2H, overlap, H-6), 1.62 (1H, dt, J =3.0, 13.0, H-7b), 1.56 (1H, br d, J = 14.0 Hz, H-15),
1.45-1.50 (1H, m, H-14a), 1.42-1.56 (2H, overlap, H-2), 1.42-1.50 (2H, overlap, H-12), 1.41-1.45 (1H, m,
H-7a), 1.45 (1H, m, H-11), 1.25(3H, s, H-18), 1.07 (1H, dd, J = 3.0, 11.0 Hz, H-5), 1.02 (1H, ddd, J = 4.5,
13.5, 13.5 Hz, H-3a), 0.96 (3H, s, H-20), 0.81 (I1H, ddd, J = 4.5, 13.5, 13.5 Hz, H-la); "C-NMR (125
MHz, CDCL): & 183.6 (COOH), 87.2 (C-16), 60.4 (C-17), 56.8 (C-5), 55.7 (C-9), 48.9 (OCH;), 48.7 (C-15),
44.4 (C-8), 43.7 (C-4), 42.0 (C-7), 41.2 (C-13), 40.6 (C-1), 39.7 (C-10), 37.8 (C-3), 36.8 (C-14), 28.9 (C-18),
25.8 (C-12), 22.0 (C-6), 19.0 (C-11), 18.6 (C-2), 15.5 (C-20); EIMS m/z 319 [M — CH;0] * (49), 287 [M —
CH;0 + CH;OH]" (15), 241 [M — (CH;0 + CH;OH + COOH + H)]" (13), 193 (7), 121 (23), 105 (32), 91
(60), 59 (100); (+)-FABMS m/z 373 [M + Na] ', 351 [M + HJ’, 319 [(M + H) — CH;0H] ", 273[(M + H)
— (CH;0H + COOH + H)|"; HRFABMS m/z 351.2540 [M + HJ".

19. 164a,17-Dihydroxy-ent-kauran-19-oic acid

amorphous powder; 'H-NMR (300 MHz, pyridine-ds): & 4.14 (1H, d, J = 10.8, H-17b), 4.05 (1H, d, J =
10.8, H-17a), 2.4-2.5 (1H, overlap, H-3b), 2.42 (1H, overlap, H-13), 2.28(1H, dt, J = 4.0, 13.8, H-6b), 2.24
(1H, overlap, H-2b), 2.0-2.1 (2H, m, H-14), 1.96-2.08 (1H, m, H-6a), 1.79-1.90 (1H, m, H-12b), 1.5-1.9 (2H,
m, H-7), 1.86 (1H, d, J =13.8, H-15b), 1.82 (1H, br d, J =12.5, H-1b), 1.74 (1H, d, J =13.8, H-15a), 1.58
(2H, overlap, H-11) 1.50-1.55 (1H, m, H-12a), 1.48 (1H, overlap, H-2a), 1.34 (3H, s, H-18), 1.19 (3H, s,
H-20), 1.06-1.12 (1H, m, H-5), 1.06 (1H, overlap, H-3a), 1.03 (1H, br t , J = 5.4, H-9), 0.84 (1H, ddd , J
= 3.9, 132, 13.2, H-1a); "C-NMR (125 MHz, pyridine-ds): & 180.1 (COOH), 81.7 (C-16), 66.5 (C-17), 57.0
(C-5), 56.3 (C-9), 53.9 (C-15), 45.9 (C-13), 45.0 (C-8), 43.9 (C-4), 42.8 (C-7), 41.0 (C-1), 40.0 (C-10), 38.7
(C-3), 37.8 (C-14), 29.4 (C-18), 26.8 (C-12), 23.0 (C-6), 19.8 (C-2), 19.0 (C-11), 16.0 (C-20); EIMS m/z 336
[M] (1), 305 [M — CH;0]" (100), 287 [M — (CH;0 + H,0)]" (36), 269 [M — (CH;O + 2H,0)]" (4), 259
[M —(COOH + H+ CH;0)]" (50), 241 [M —(COOH + H+ CH;O+ H,0)]" (20), 217 (9), 121 (27), 107 (24),
91 (28).

20. Caffeic acid

yellow powder; mp 215-217C; 'H-NMR (400 MHz, DMSO-dq): 6 7.40 (1H, d, J = 15.77 Hz, H-7), 7.01
(1H, d, J = 1.66 Hz, H-2), 6.95 (1H, dd, J = 1.46, 8.12 Hz, H-6), 6.75(1H, d, J = 8.30, H-5), 6.16 (1H, d,
J = 15.77 Hz, H-8), 1.23 (3H, s, 3,4,9-OH,); "C-NMR (100 MHz, DMSO-d¢): § 168.0 (C-9), 148.1 (C-4),
145.6 (C-3), 144.4 (C-7),125.7 (C-1), 121.1 (C-6), 115.7 (C-5), 115.2 (C-8), 114.6 (C-2).

21. Protocatechuic acid

colorless powder; mp 196-197C; 'H-NMR (400 MHz, CD;OD): 6 6.74 (1H, d, J = 84 Hz H-5), 7.40 (1H,
dd, J = 1.8, 8.4 Hz H-6), 742 (1H, d, J = 1.8, H-2); "C-NMR (100 MHz, CD;OD): § 170.2 (C-7), 151.5
(C-4), 146.1 (C-3), 123.9 (C-6), 123.1 (C-1), 117.7 (C-2), 115.74 (C-5).

22. 3-Caffeoylquinic acid (Neochlorogenic acid)

amorphous powder; mp 218-219C; 'H-NMR (400 MHz, DMSO-ds): § 1.85-2.02 (4H, m, H-2 and H-6),3.54
(1H, d, J = 3.7 Hz, H-4), 3.86 (1H, dd, J = 6.0, 12.0Hz, H-5), 5.17 (1H, m, H-3), 6.20 (1H, d, J = 16.0
Hz, H-8"), 6.76 (1H, d, J = 8.0 Hz, H-5"), 6.97 (1H, dd, J = 2.0, 8.0 Hz, H-6"), 7.02 (1H, d, J = 2.0 Hz,

_41_



H-2"), 7.46 (1H, d, J = 160 Hz, H-7), 9.14 (1H, s, 3-OH), 9.53 (1H, s, 4-OH); “C-NMR (100 MHz,
DMSO-de): § 176.0 (C-7), 166.1 (C-9'), 148.1 (C-4), 145.5 (C-7), 144.4 (C-3), 125.7 (C-1), 121.1 (C-6),
115.8 (C-5, 115.0 (C-8"), 114.6 (C-=2), 72.9 (C-1), 71.2 (C-4), 71.0 (C-3), 67.2 (C-5), 39.5 (C-6), 35.1 (C-2).

23. 4-Caffeoylquinic acid (Cryptochlorogenic acid)

pale brown amorphous powder; mp 182-184C; 'H-NMR (400 MHz, DMSO-ds): 6 2.73-4.00 (4H, m, H-2 and
H-6), 4.09 (1H, brs, H-5), 4.67 (1H, dd, J = 3, 8 Hz, H-3), 487 (1H, d, J = 5 Hz, H-4), 6.27 (1H, d, J =
16 Hz, H-8'), 6.76 (1H, d, J = 8 Hz, H-5"), 7.00 (1H, dd, J = 2, 8 Hz, H-6'), 7.04 (1H, d, J = 2 Hz, H-2",
749 (1H, d, J = 16 Hz, H-7), 9.15 (1H, s, 3'-OH), 9.57 (1H, s, 4-OH); "C-NMR (100 MHz, DMSO-ds): &
175.4 (C-7), 166.3 (C-9"), 148.3 (C-4"), 145.6 (C-7"), 144.8 (C-3), 125.6 (C-1'), 121.2 (C-6"), 115.8 (C-5"),
114.7 (C-8"), 114.6 (C-2"), 76.9 (C-4), 74.0 (C-1), 66.4 (C-3), 64.0 (C-5), 40.7 (C-6), 37.8 (C-2).

24. 5-Caffeoylquinic acid (Chlorogenic acid)

slightly yellow amorphous powder; mp 209-210C; 'H-NMR (400MHz, DMSO-ds): § 1.77-2.03 (4H, m, H-2
and H-6), 3.42 (1H, brs, H-4), 3.92 (1H, brs, H-5), 5.06 (IH, dd, J = 6, 10 Hz, H-3), 6.15 (1H, d, J = 16
Hz, H-8"), 6.76 (1H, d, J = 8 Hz, H-5"), 6.98 (1H, dd, J = 2, 8 Hz, H-6'), 7.03 (1H, brs, H-2"), 7.42 (1H,
d, J = 16 Hz, H-7), 9.19 (1H, s, 3-OH), 9.62 (I1H, s, H-4"); "C-NMR (100 MHz, DMSO-ds): & 175.0
(C-7), 165.8 (C-9"), 1484 (C-4"), 145.6 (C-7", 145.0 (C-3"), 125.6 (C-1"), 121.4 (C-6"), 115.8 (C-5'), 114.8
(C-8Y, 114.3 (C-2", 73.5 (C-1), 70.9 (C-4), 70.3 (C-5), 68.0 (C-3), 37.2 (C-6), 36.2 (C-2).

25. 3,5-Di-O-caffeoylquinic acid

pale yellow amorphous powder; 'H-NMR (400 MHz, CD;OD): & 7.60, 7.57 (1H each, d, J = 15.9 Hz, H-7,
7), 7.06 (2H, brs, H-2, 2), 6.96 (2H, dd, J = 2.1, 8.1 Hz, H-6, 6), 6.77 (2H, dd, J = 1.2, 7.8 Hz, H-5, 5),
6.35, 6.26 (1H each, d, J = 159 Hz, H-8, 8), 5.36-5.45 (2H, m, H-3, 5), 3.96 (1H, dd, J = 4.0, 7.8 Hz,
H-4), 2.13-2.35 (4H, m, H-2, 6); "C-NMR (100 MHz, CD;OD): § 177.3 (COOH), 168.9, 168.3 (C-9, 9),
149.6, 149.5 (C-4, 4), 147.3, 147.0 (C-7, 7), 146.8 (C-3, 3), 127.9, 127.8 (C-1, 1), 123.1, 123.0 (C-6, 6),
116.5 (C-5, 5), 115.5, 115.2 (C-8, 8), 115.1 (C-2, 2), 74.7 (C-1), 72.5 (C-3), 72.1 (C-5), 70.5 (C-4), 38.6
(C-6), 36.0 (C-2).

26. Mixture(3:1) of B-D-fructopyranose and [B-D-fructofuranose

B-D-fructopyranose : "C-NMR (100 MHz, D;0): § 98.2 (C-2), 69.8 (C-4), 69.3 (C-5), 67.6 (C-3), 63.9 (C-1),
63.5 (C-6); B-D-fructofuranose : "C-NMR (100 MHz, D,O): 6101.6 (C-2), 80.0 (C-5), 75.4 (C-3), 74.5
(C-4), 62.7 (C-1), 62.5 (C-6).

27. Sucrose

amorphous powder; mp 160-186°C; 'H-NMR (400 MHz, D,O): § 5.25 (1H, d, J = 3.7 Hz, Glucose H-1),
4.05 (1H, d, J = 8.8 Hz, Fructose H-3), 3.88 (1H, t, J = 8.6 HzFructose H-4), 3.71-3.75 (1H, m, Fructose
H-5), 3.68-3.70 (1H, m, Glucose H-5), 3.65-3.66 (4H, m, Fructose H-6 and Glucose H-6), 3.59 (1H, t, J =
9.5 Hz, Glucose H-3), 3.51 (2H, s, Fructose H-1), 3.39 (1H, dd, J = 3.6, 9.5 Hz, Glucose H-2), 3.30 (1H, t,
J = 9.5 Hz, Glucose H-4); “C-NMR (100 MHz, D,0): 6 103.7 (Fructose C-2), 92.2 (Glucose C-1), 81.4
(Fructose C-5), 76.4 (Fructose C-3), 74.0 (Fructose C-4), 72.6 (Glucose C-3), 72.5 (Glucose, C-5), 71.1
(Glucose C-2), 69.3 (Glucose C-4), 62.4 (Fructose C-6), 61.3 (Fructose C-1), 60.1 (Glucose C-6).
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28. 1-Kestose [O-p-D-fructofuranosyl-(2—1)-p-D-fructofuranosyl-(2—1)-a-D-glucopyranoside]

amorphous powder; 'H-NMR (400 MHz, D,0O): 6 5.29 (1H, d, J = 3.8 Hz, Glucose H-1), 4.13 (1H, d, J =
8.6 Hz, Fructose H-3"), 4.04 (1H, d, J = 8.6 Hz, Fructose H-3"), 3.92 (2H, m, Fructose H-4' and H-4"), 3.72
(3H, m, Glucose H-5, Fructose H-5', and H-5"), 3.71-3.61 (10H, m, Glucose H-6, Fructose H-1', H-6', H-1",
and H-6"), 3.58 (1H, brs, Glucose H-3), 3.39 (1H, dd, J = 3.8, 9.9 Hz, Glucose H-2), 3.33 (1H, t, J = 12.0
Hz, Glucose H-4), PC-NMR (100 MHz, D,0): 6§ 103.8 (Fructose C-2"), 103.4 (Fructose C-2'), 92.6 (Glucose
C-1), 81.3 (Fructose C-5"), 81.2 (Fructose C-5"), 76.7 (Fructose C-3' and C-3"), 74.6 (Fructose C-4"), 73.9
(Fructose C-4"), 72.7 (Glucose C-3), 72.5 (Glucose, C-5), 71.2 (Glucose C-2), 69.3 (Glucose C-4), 62.4
(Fructose C-6"), 62.3 (Fructose C-6'), 61.0 (Fructose C-1'), 60.5 (Fructose C-1"), 60.2 (Glucose C-6); FABMS
m/z 527 [M+Na]’, 341 [M-H] HRFABMS m/z 527.1585 [M+Na] (calcd 527.1588).

29. Methyl-a-D-fructofuranoside

amorphous powder; 'H-NMR (400 MHz, D,O): 6§ 3.96 (IH, d, J = 2.8 Hz, H-3), 3.82 (2H, m, H-4 and
H-5), 3.69 (1H, dd, J = 1.8, 12.0 Hz, H-6), 3.66 (1H, d, J= 12.0 Hz, H-1), 3.56 (1H, dd, J = 5.1, 12.0 Hz,
H-6), 3.52 (1H, d, J = 12.0 Hz, H-1), 3.12 (3H, s, OCH3); "C-NMR (100 MHz, D,0) &: 108.4 (C-2), 83.5
(C-5), 80.2 (C-3), 77.5 (C-4), 61.4 (C-6), 57.7 (C-1), 48.3 (OCHa).

30. Methyl-g-D-fructofuranoside

amorphous powder; 'H-NMR (400MHz, D;0): 6 4.09 (1H, d, J = 82 Hz, H-3), 397 (1H, t, J = 7.9 Hz,
H-4), 3.77 (I1H, m, H-5), 3.72 (I1H, dd, J = 3.0, 12.0 Hz, H-6b), 3.64 (1H, d, J = 12.0 Hz, H-1b), 3.56
(2H, m, H-la and H-6a), 3.24 (3H, s, OCH3); "C-NMR (100 MHz, D,O): § 103.9 (C-2), 81.4 (C-5), 77.0
(C-3), 75.1 (C-4), 62.8 (C-6), 59.9 (C-1), 49.0 (OCHs).

31. Thymidine

amorphous powder; mp 186°C; 'H-NMR (400 MHz, MeOH-ds): & 7.81 (1H, d, J = 1.1 Hz, H-6), 6.27 (I1H,
t, J = 6.8 Hz, H-1), 439 (1H, m, H-3), 3.90 (1H, m, H-4), 3.78 (2H, m, H-5), 222 (2H, m, H-2), 1.87
(3H, d, J = 1.3 Hz, CH;-5); "C-NMR (100 MHz, MeOH-ds): & 166.4 (C-4), 152.4 (C-2), 1382 (C-6), 111.5
(C-5), 88.8 (C-4), 86.2 (C-1), 72.2 (C-3), 62.8 (C-5), 41.2 (C-2), 12.4 (CH3).

32. Uridine

amorphous powder; mp 163°C; 'H-NMR (400 MHz, D;0O): 6 7.76 (1H, dd, J = 1.8, 8.0Hz, H-6), 5.77 (2H,
m, H-5, 1), 422 (1H, m, H-2), 4.10 (1H, m, H-3), 4.01 (1H, m, H-4), 3.79 (1H, m, H-5), 3.68 (1H, m,
H-5); PC-NMR (100 MHz, D,O ): & 166.3 (C-4), 151.8 (C-2), 142.0 (C-6), 102.4 (C-5), 89.5 (C-1), 84.3
(C-4), 73.8 (C-2), 69.5 (C-3), 60.9 (C-5).
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Fig. 2. Structure of isolated compounds from Aralia continentalis.
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MaZ MFATFN LA A7ZT ua 2 HEE

s 71%%(@%1%)& ?@6‘}04 22 Azx3d & Adsla 70% EtOHE &£ 132 *
=) AT

29 #EE 93l #FH 10 kg MeOH <
S 2ol Suje] FAHAFI ¢cow S HAASeY CH.Cl: fraction (230 g), n-BuOH

3. 5% 12 kg MeOH FE94& 3 sF7|2 553t A5 H.0E 718t A AT v 2ol
Suje] FAZI o2 BFS AAFte] 53 hexane fraction (360 g), CH.Cly fraction (22 g),
EtOAc fraction (20 g), n-BuOH fraction (237 g) ¥ H»O fraction (2600 g) & 4t}

4. 3t¢ o 2 ¥ coptisine (1430 mg), pinoresinol (11.3 mg), isolariciresinol (4.7 mg), epiberberine (605
mg), jateorrhizine (4.5 mg), berberine (12010 mg), palmatine (3560 mg), magnoflorine (50 mg),
groenlandicine (101 mg), B-sitosterol (121 mg), ferulic acid methyl ester (15 mg), L&l
3-(3’,4'-dihydroxyphenyDlactic acid methylester (15 mg)< #7 - =A A}

5. H&ZHEH ent-pimara-8(14),15-diene-19-oic  acid (continentalic acid, 10145 mg), 78
~hydroxy-ent-pimara-8(14),15-diene-19-oic acid (38.95 mg),
7-oxo-ent-pimara-8(14),15-diene-19-oic acid (20.49 mg), 16a
-methoxy—-17-hydroxy—-ent-kauran—19-oic acid (7.85 mg), 15a,16a

—epoxy—17-hydroxy-ent-kauran-19-oic acid (3587 mg), 17-Hydroxy-ent-kaur-15-en-19-oic acid
(20 mg), 16a,17-dihydroxy-ent-kauran-19-oic acid (1825 mg), mixture (3:2) e
stigmasta-5-en-3B8-ol (B-sitosterol) I} stigmasta-5,22-dien-33-ol (stigmasterol) (500 mg),
mixture (9:1) HE] 2] daucosterol (B-sitosterol glucoside) ¥} stigmasterol glucoside (1000 mg),
7-dehydroabietanone (4 mg), 16a-hydroxy—-17-isovaleryloxy-ent-kauran-19-oic acid (40 mg),
ent-kaur-16-en-19-oic  acid (kaurenoic acid, 736 mg), ent-pimara-8(14),15-diene-19-o0l
(ent-pimarol, 20 mg), 8a-Hydroxy-ent-pimara-15-en-19-ol (ent-thermarol, 15 mg), 4B
~hydroxy-19-nor(-)-pimara-8(14),15-diene (7 mg), 4-epiruilopezol (7 mg), lignoceric acid (80 mg),
(+)-spathulenol (5 mg), dehydrofalcarindiol(10 mg), D-fructose (100 mg), chlorogenic acid
(5-caffeoylquinic acid, 500 mg), 3,5-di-O-caffeoylquinic acid (10 mg), neochlorogenic acid
(3-caffeoylquinic acid, 10 mg), sucrose (100 mg), caffeic acid (10 mg), cryptochlorogenic acid
(4-caffeoylquinic acid, 10 mg), 1-kestose [O-B-D-fructofuranosyl-(2—1)-B-D-fructofuranosyl-(2—
1)-a-D-glucopyranoside, 260 mg], methyl-a-D-fructofuranoside (210 mg), protocatechuic acid (200
mg), thymidine (20 mg), uridine (20 mg) 2] i1 methyl-B-D-fructofuranoside (30 mg)< #3233
t}.
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woorenoside Ill, Ry=H, R2=Glc§A (H)

woorenoside IV, Ry=Ac, R2=Glc§A
1 % berberine 59| isoquinoline alkaloid= rat lens aldose reductase ©1#1%+4? human intestinal
bacteria 414124 Y catecholamine biosynthesis A 2H-4" tumor cell lined] 3t cytotoxic activity”
2 garelate” So] 29l lignanAl 322 neolignangl woorenoside’t 89424 pinoresinol,
woorenoside V' 2 lariciresinol glycoside”} tumor necrosis factor &4 A124Y Zo] waEojA gl &=
e 3=Z2o| acyl-CoA:cholesterol acyltransferase (ACAT) &A1Y gtalajolz4 1V SNU-688 AL

o] apoptosis @43 2 5-fluorouracil MEW ¥} 4828 So thoksl Aedgdo] HaE o]t

ols YR EA] TAEA WHoEE akaloid7t dHe] il HPLC-UV #H (column: C18;
detector: 254 nm, 270 nm; mobil ephase: acetonitrile-0.02 M acetic ammonium; actonitrile—0.5% acetic
acid; 0.05 M phosphate buffer)*'® HPLC-PDA (photodiode array detector) " chiral HPLC 3
HPLC-MS " 2 HPLC-MS/MS W™ 5ol wi sojslrh aefu} F8AE 9] 319l lignand] £

Awe und Aol glo BA B 98 Puel 440 Bas

QA Aokl 5 glom e ojsiua 28 Ao
Bebd A Lol BT 4G AN YA Al $2 2 o

2
—-ub) Roko g Zo] 10-30 cm, A& 5-20 mmeo|th HPZHE FwA-3 Aol AEZFEy o] 2}



e
o

2 kaurane-type diterpene 3}§E 2 ent-kaur-16-en-19-oic acid, 16a-hydroxy-(-)-kauran-19-oic
acid, (-)-kaurenoic acid, (-)-pimara-8(14),15-dien-19-ol,  ent-pimara-8(14),15-dien-19-oic  acid,

17-hydroxy-ent-kaur- 15-en-19-oic acid 5°] 9, I ¢ polyacetylene, liquid glycerol, sterol 5] <

=
2,21-23
eI IR R

ent-kaur-16-en-19-oic acid 160a.-hydroxy-(-)kauran-19-oic acid
I % 539 diterpene?} triterpene] 8FeHEo] AAEo] AMEEA I cyclooxygenase A A o] 9l
=35to] MeOH F&E0| Zrha-Zo ##H apoptosis JAIZFEo] deix ot® =gho] BAo] 3%
ZtmE §le™  kaurane-type diterpene  FrAFAIQD  stevioside®]  HPLC-UV  (column:  NHp,
acetonitrile-water: 8-2, UV 210 nm; Develosii RPAQUEOUS-AR-5 002 M phosphoric
acid—acetonitrile-methaol: 90-55-5, UV 210 nm),%’% HPLC-photodiode detector®™ 2 LC/ESI-MSY So]
A3l Xylopia speciesol 4] #2]38F kaurane-type diterpene® #4122 ODS column¥} 70% acetonitrile UV

220 nmel A BAF 257 Qb awng Sate] A RAARe) AL AFE o] FolAyt .
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Mo MFAT LniA ol =& A7 e & 2

= O

2.1 34 (Coptis Rhizoma)

7}, HPLC 4% 4R

O

stelo] HPLC BAE 93 olTAte ZZAAEYE dolE phenylpropanoidl, lignanAl %
alkaloidAl 3}3F&Eo] 9lor}t 3edo

N
ko
0%
A
i
oX,
filo
P
rlr
ot
o
i
rlo
0,
=
Q
Q.
o
fr
1o
A
24
o
il
ot
%
i
filo
ofl

Aol £4E 4 Sle gradient=d o2 HESIG. I A o= ARBY A4 AR oled

<=, resolutiong Y] WEHA gradient XA E B4 AL AF AESIT. HPLC 274 HE A&

F o34 AEL berberine, palamtine ¥ coptisine®] t}.

=

palmatine

COOC,4Hg

OH
coptisine butylparaben
(1), ol's% buffer&4e =9 T7F HE

OB A A

o2

< HalA acetonitrile?} B2 BFAFUS HEII oY d@Zo|=rt A
x| gkol bpuffer &S A& AY. HES buffer 4L 20 mM phosphoric acid, 10 mM
petanesulfonic acid sodium salt, 10 mM hexanesulfonic acid sodium salt, 10 mM heptanesulfonic acid

sodium salt So|H, 4 % 3o FQ A8l berberine, palmatine, coptisine®] Z+zreo] £ 7 ol A

o] o]Z9} resolutions A ESFA T

(2), o] 542 ACN =44
10 mM hexanesulfonic acid sodium salt®] & oA acetonitriled] T=& 3F#H] A7) XFEH

w29 JAd3 retention timed E&E =o]7] 93t 29HAIZE acetonitrile?] TE=E

il
i)
ol
32
i)

WEEFERAS AAS7] Y8 methylparaben, propylparaben, butylparaben, bisphenol< 10 mM
oA A AR AEF AL FHE we £/ berberine FEA I %] berberined} FE3F

resolution¥} retention timeS zf+= butylparabeng A7 1%t}
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4), HEEH S 93 A=

4719 HPLCxo® &d Axo #fuiAs 93] 70% EtOH FEE& 4% 2 coptisine,
palmatine, berberine @ epi-berberine ©] &1 H i1, o] 47}x] FES FA o= HPLCE o] &3t )
HEAS A% 319

A=}
AL |

(5), HPLC %7 validation

17

rit
ot
o
ox
™
Lo
s
=
=
)
PN
AL

S

9] validationg 93l coptisine, palmatine, berberine A2 24
A WY AETA, AEFIAS =AY, AFAH HYW HEA coptisine, palmatine, berberine A

9o HPLC 40 o)t A7ty dujeo] wbEAdS &3 3th. 3 coptisine, palmatine, berberine Z}7;

(6), HPLC =72 ¢9+AX HE (robustness)

AAE HPLC 2719 &34 HEE ¢33 coptisine, palmatine 2 berberine®]| W3] A ¥ HPLC
ZA2 2 columnol WE d¢S HAESHZ] Y3 Eclipse XDS-C18 (Agilent Tech., 4.6 x 150 mm, 5 m),
Hydrosphere C18 (YMC, 4.6 x 250 mm, 4 m) % Xterra RP18 (Waters., 3.9 x 150 mm, 5 m)°ll ti 3}
theoretical plate (N), capacity factor (k’), resolution (Rs) & 5 HESIT. =3 Eclipse
XDS-C18 (Agilent Tech., 46 x 150 mm, 5 m) columng T4 o072 %o wWE g3 HESA.
Eclipse XDS-C18 (Agilent Tech., 46 x 150 mm, 5 m) column®| Tt 3| hexanesulfonate &%ol| W&

Zyzre] 89 N, k', resolution 59 J&I= HE 3

A& $138 70% EtOH, 70% MeOH, 70% EtOH + 1% HCI, 70% MeOH +

i
1% HCle] &z o=z 2A13t4 23] refluxste] 7] HPLC 42z oz #A8dt. &rs HdAs)

g AEEHZ A3 coptisine, palmatine, berberine®] <t4A S lsty] Y&l A3 Wi

Aol A 4543t kA AMESs A8

AlFsfs 33 165 UF1(CDU-1, s34 85 79, Coptis chinensis), W72 (CDU-2, &=
2F AZAY 9], Coptis chinensis), W73 (CDU-3, =4k ZAAF=uf A% 91, Coptis chinensis), &%
A (CDU-4, =4k, 384 F9), Coptis chinensis), 244 (CDU-5, =4k 344 F99, Coptis

chinensis), 141 (CDU-6, =4k WA= 94, Coptis chinensis), 142 (CDU-7, T4t 4% k=%

ule
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T, Coptis chinensis), A3 (CDU-8, T=4F T=39Y 9, Coptis chinensis), #7151 (CDU-9,
Z=AL BeW XA Coptis chinensis), A71%2 (CDU-10, =4k, ®Welek= %), Coptis chinensis), <
A1 (CDU-11, &34k AAekE Q) Coptis chinensis), 932 (CDU-12, =34 g okad A 49,
Coptis chinensis), 9%13 (CDU-13, T =4k, G kE A4S 91, Coptis chinensis), 351 (CDU-14, %
= A3t 9, Coptis chinensis), 352 (CDU-15, &34, 3394k +<1, Coptis chinensis), 353

(CDU-16, T4t Z3}oF= +<, Coptis chinensis)¥ 2ol kH oA A&t 3 7%, 3= (N-2

o] ¢}
Picrorrhiza kurrooa), 23+# (N-3, Coptis chinensis, A1 &F3), X243 (N-4, Coptis chinensis), <t
oA 3 (N-5, Coptis chinensis), t=A1%4 +3 (N-6, Coptis chinensis), AdA1%¢ 3 (N-7,
Coptis chinensis), 3% (N-8, Jeffersonia dubia)s o2 A7]dA] AR FZwHa HPLC +

Mz o m alkaloidAl 429 $EFEAE A8

W, TLC B4 =1 44

>
B=)
o

>~
>
oX.
Sh
1o
do
r o
o
o
2

28 F 9] coptisine, palmatine, berberine ¥ epi-berebrined] ¥ ¥ &

TLCE o]&3te] AlFolA fesHs T 1659 Ff AFofoFEtdAeA AF 2

of

Ho

[ed

(T
fol
ot

d 23d ARE 70% MeOH + 1% HCl & F=< 100 pl ¢ z+zhe
36

)

Ol g
MN
ol
—
o
j)
1je}
X
o

spotting ¥+ ¥ n-propanol : formic acid : Water = 90 : 1 : 9 2] Suj=Z ZJ| nmol A &<l s}

ol

ol
AR

o}, pringer print M€ £ A

A SAE 1655 4

1o,
o
4
2

ok A|-&3E 7Fo| W3t coptisine, palmatine, berberine, epi-berberine]
stk gk R-programs  ©]l€3le] FAAZE ATt EAAEE  dendrogramO.® XA &
agglomerative clustering(AGNES)¥} % A& & PCRZ *]2]3}9] partitioning around medoids (PAM)

3} clustering large applications(CLARA) dataZ 4t}

2, LC-MS/MS &A%Y
(1), HPLC #4171

HPLC system< binary pump, autosampler, degasser, column oven 2.2 A% Agilent 1100
series (Palo Alto, CA, USA)E o] &3t t}l. 0.06% acetic acid in 1.5 mM ammonium acetate-
methanol (60 : 40, v/v)2 % isocratic elutiond}$ i Agilent ZORBAX SB-C18 35 um (2.1 x 150
mm)9] 94 Ao Resrt AY 2EE 40 T2 fAs9eH 42 02 mL/mine® 33

o},
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Table HPLC condition of Coptis chinensis

Column Agilent ZORBAX SB-C18 3.5 ym (2.1 x 150 mm)

Column Temp. A constant temperature of about 40T
Mobile Phase A mixture of 0.06% acetic acid in 1.5 mM ammonium acetate-
methanol (60 : 40, v/v)

Flow rate 0.2 mL/min ( Total Analytical time within 15min)

(2), LC-MS &4 %1

MS systeme Sciex API 3000 triple-quadrupole tandem mass spectrometry (Applied
Biosystems, MDS Sciex, concord, Canada)& A}-83}%th. Ion spray interface: turbo ion spray &
turbo gas temperatureZ 400 CTolA 45 KVZE 3}l positive ion detection modeZ A sttt F

=< flow injection 3t ¢ HAZXUE T3

A
fok

2 &4 parameter= EE A
nebulizing gas flow, 146 L/min; auxiliary gas flow, 6.1 l/min; curtain gas flow, 0.95 L/min;
orifice voltage, 53 V, ring voltage, 400 V; collision gas (nitrogen) pressure, 3.58 x 10° Torr.
berberine, m/z 3369 — m/z 321.2; epi-berberine, m/z 336.9 — m/z 321.2; palmatine, m/z 352.4
— m/z 337.0; coptisine, m/z 320.0 — m/z 29292 =43} }.

(3), LC-MS/MS # &A1 24
Zyzke] Aol i LC-MS/MS= A& g<9lstz] #fske] 100, 200, 500, 1000 ng/ml &=
S

Sgho] Aegd Aol i AFHS detr] Sl m2eo] FaAdwQl diterpenes IEES
ALgsttt Z8o] F AR L kaurane-typed} pimarane-type?] diterpenZl 3FgEo]H, diterpenoid 7l
shetEo Aegd o 48, WAL, FATHEo] Hiaso] Utk AFoA 58 FoAdF
212  ent-pimara-8(14),15-dien-19-oic acid (continentalic acid), ent-pimara-8(14),15-dien-18-oic
acid (epi-continentalic acid), ent-kaura-16-en-19-oic acid (kaurenoic acid)E AF-&3}%1

(1), o154 buffer& Ao T= T/ HE
ol 54 A4S 93 acetonitrile®} =2 EAZXAS HAESIIN U diterpened 3H3HES =49
o} Yril UV chromophoreZ} f10] &4l ofgfo] AAnt. 2e2l= = buffer WS AHEsIL HE
3k buffer 9 20 mM phosphoric acid, 10 mM hexanesulfonic acid sodium salt, 0.1% acetic acid
solution, 0.1% TFA (trifloroacetic acid) solution 5ol #4 & 5o 24 E2 continentalic acid

o BHEANA ol £HEE AENAL
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-‘\\

*H
COOH
ent-pimara-8(14),15-dien-19-oic acid ent-pimara-8(14),15-dien-18-oic acid

ent-kaura-16-en-19-oic acid

(2), detector 1% AE
diterpene?] 3}3E-SUV chromophore?} §laL E2p#o] Zro} UV detector Ab-&ol] &3k 2A]L of

el ol oY RS HESIH

A7) glstel FxRA R Aol = FFES HPLCE BAsslth
Ao e BEE

* parabenZ| 2} &: methylparaben, ethylparaben, butyparaben, bisphenol.
* terpened 33HE: eudesmol, cryptomeriol, tetralone, 3a,23-dihydroxyolean-12-en-27-oic acid,
3-oxo-23-hydroxyolean—12-en-27-oic acid.

* lignanA| 3}3%: asarone, pinoresinol, laricinresinol. 5& 7 E3Fth

HPLCZHAo 2 =& Ag9 HEAMS & 70% EtOH FEE<2 413 A3 continentalic acid

9} kaurenoic acid:= ©hF = Eelo] go] & o epi-continentalic acid: B % d-FE o ATt
H

(5), HPLC %7 validation

dde 58 AgdEe HPLC =79 validation® $13 continentalic acid, epi-continentalic acid,

= [eRRLN

Ad4d WY, AEWA, ABAS AR Add AU HEAA

pud

el HPLC 4o o3 A3kst Avjel w

kaurenoic acid Al 2]
continentalic acid, epi—continentalic acid, kaurenoic acid

BAS skl T3 continentalic acid, epi-continentalic acid, kaurenoic acid Ztz+e] Ao thal

6.7 - 23.3 ug/ml =4 recovery test® A A &)
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(6), HPLC =719 ¢34 HE (robustness)

A E HPLC Z4d9 944 HEE 93] continentalic acid, epi-continentalic acid % kaurenoic
acidel s 2A " HPLCEZALZ columnel W& A3FS AESY] 93] Eclipse XDS-C18 (Agilent
Tech., 46 x 150 mm, 5 m), Hydrosphere C18 (YMC, 4.6 x 250 mm, 4 m) ¥ Xterra RP18 (Waters.,

3.9 x 150 mm, 5 m)oll W3l theoretical plate (N), capacity factor (k’), resolution (Rs) 5 <+ 7
E3v. w3 Eclipse XDS-C18 (Agilent Tech., 4.6 x 150 mm, 5 m) columne F4 02 %o wE

Jg= PR

@), 58 FE2A

SgARe] #2480 AHL 913

§ 70% EtOH, 70% MeOH, EtOH, MeOH®¢] &vi= 1A17+4 13]
sonicationd}le] 4}7] HPLC ¥4 zAd oz BEAsdrt FEEmE AARsta FEU4Y

&ttt

o

B

FEAS AR

=35to] ) gEAZ AFE3F continentalic acid, epi—continentalic acid % kaurenoic acid®] ¢HA A

2 glaly) ga Aedt W 2a0A 07 A4 AEe AA e

9), AT 5Zo] gk
2 ojekA oA A FE =8 6%F; %8 (AC-1, Aralia cordata, 55 4b), A= (AC-2, Angelica

pubescens), =% (AC-3, Angelica pubescens, 54 2V, A5& (AC-4, Angelica pubescens),
8 (AC-5, Aralia cordata, 21¢t A1), =% (AC-6, Aralia cordata, 942 Ah); A EH% =28 4% =3
(AC-7, Aralia cordata, 917 4}, #5599 1), =& (AC-8, Aralia cordata, 373 4, 3+
(AC-9, Aralia cordata, 91 4, 2479 1), 58 (AC-10, Aralia cordata, 94 2F, 54%
(AC-11, Aralia cordata, 91 4t A71&TY 1), 58 (AC-12, Aralia cordata, 94 2F AHT+Y 1),

g (AC-13, Aralia cordata, 91 4, AU 2), 58 (AC-14, Aralia cordata, 9472 2}, 34T
3), =& (AC-15, Aralia cordata, <t 4t dl7-7% 1), 5 (AC-16, Aralia cordata, 42 4t Wl
A 2), 58 (AC-17, Aralia cordata, 2173 2}, tl7-7+% 3), =& (AC-18, Aralia cordata, 9% 4, U
T 1), 5 (AC-19, Aralia cordata, 944 2+, A+ 2), 58 (AC-20, Aralia cordata, 944 4} o)
AT )& tdem 7oA A FEUyE 3 HPLC #4102 45 AAssith

U, TLC &4 =31 4AA

=3 9] continentalic acid, epi-continentalic acid % kaurenoic acid®] e &A1 3 FA

-
>

939
913 A% PHOR TLCE ol §atel AFolA FE55E TU 145 S8} 24F] FETA Yol A

Asdd 659 52 ARE 70% EtOHE FE9 ¥ FE=4S TLC plated] 4 % hexane : EtOAc

A
(5% formic acid) = 5 : 19 &2 A7 F 10% H.SO, spray ¥ heatingdle] Zzto] AR S 2135t
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.

o}, pringer print JEE4
A FRE 145 A9g9gy AFTE 65 dlgk continentalic acid, epi-continentalic acid %
kaurenoic acid®] 3ol tidt R-programs ©|&3ste] AT st th &A* 2= dendrogram®. = %

A7 E PCR®E #8]3}e] partitioning around medoids

off

A ¥+ agglomerative clustering(AGNES)3} &
(PAM)#} clustering large applications(CLARA) dataS d it}

2, LC-MS/MS &A1 A %9
(1), HPLC &4 =1

HPLC system< binary pump, autosampler, degasser, column oven 2.2 A% Agilent 1100
series (Palo Alto, CA, USA) & o]&3t9t}. 0.1% TFA - acetonitrile (35 : 65, v/v)2. & isocratic
elutiond} 1 12 Agilent Eclipse XDB-C18 35 ym (2.1 x 100 mm)9] 94 AxHo =z Esdic A4

CEE3H TR fFASYer §4E 025 mL/mine & 3o

Table HPLC condition of Coptis chinensis

Column Agilent Eclipse XDB-C18 3.5 ym (2.1 x 100 mm)
Column Temp. A constant temperature of about 35 T
Mobile Phase A mixture of 0.1% TFA - acetonitrile (35 : 65, v/v)
Flow rate 0.25 mL/min ( Total Analytical time within 20 min)

(2), LC-MS &4 %1

MS system< Sciex API 3000 triple-quadrupole tandem mass spectrometry (Applied
Biosystems, MDS Sciex, concord, Canada)E A}&3}%th Ion spray interfacei= turbo ion spray®
turbo gas temperatureZ 400 Tl A 45 KVE 3}o] negative ion detection mode®E &A%t F

S+E S flow injection 3t ©&¢ HAXAEL T3kt

A
ot

% =74 parameter= 2T A
nebulizing gas flow, 146 L/min; auxiliary gas flow, 6.1 l/min; curtain gas flow, 0.95 L/min;
orifice voltage, 53 V, ring voltage, 400 V; collision gas (nitrogen) pressure, 3.58 x 10° Torr. 37}

Al A jon transitionS m/z 301.20 — m/z 301.002 A3t}

zbzbo] Ao 3 LC-MS/MSZ A=A S 3Helatr] 998ke] 25, 40, 50 ug/ml FLol A A7)
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M3ZE MEFAFIH LA o] =E AL Z 1t

3.1 3#A (Coptis Rhizoma)

7}, HPLC 24 =37

(1), ©]'5% buffer& o] wE9F F7

o5 APS 98l acetonitrile?t B2 BAXRE HESI oY dLZo|=rh BAEA gro}

buffer €mME AL&3 A9t AES buffer €4S 20 mM phosphoric acid, 10 mM petanesulfonic acid
sodium salt, 10 mM hexanesulfonic acid sodium salt, 10 mM heptanesulfonic acid sodium salt % ©]
W BA 5 3ol FQAEl berberine, palmatine, coptisine Ztze] EAZF Aol o]EuS4e}
resolutione HAESH T Aol AFEE buffer solution % 10 mM hexanesulfonic acid sodium salt”}

Y e B AES Bl BHZA0OE AFY

Table. Effect of buffer solutions on mobil phase

' Retention time (min) Theoretical number
Mobile phase

coptisine palmatine berberine coptisine palmatine berberine

20 mM phosphoric acid 11.21 12.65 13.46 10041 10326 11691

10 mM pentanesulfonic acid-Na  24.75 2757 28.24 164786 172371 180851
10 mM hexanesulfonic acid-Na 25.31 28.90 29.51 170042 178935 197483

10 mM heptanesulfonic acid-Na  28.45 33.82 35.56 80143 73962 81768

(2), o] &% &g HE
10 mM hexanesulfonic acid sodium salte] & oA acetonitrile®] T+ FwHe A7 XFEA

2ol A3 retention time¥ EES =o]7] Y3lo] 29 AR acetonitriled FEE FAeArk ol

o] Tabled} #o] 5etAle] ZHow EXF Ay ¢ 208l XA HL& o]2d9} resolutiond
Zb= %7 acetonitrile &% 15% (0 &) — 35% (20 #) — 80% (40 )9 27L& ¥4 g&wjz HAAs}
Atk

Table. Effect of Acetonitrile amount (%) in 10 mM hexanesulfonic acid-Na buffer solution

Amount of AcCN on Retention time (min) Theoretidcal number
. Resolution

Mobile phase palmatine berberine palmatine berberine
15 — 30(20 min) — 75(40 min) 25.82 26.62 66708 70905 2.00
15 — 45(20 min) — 75(40 min) 19.56 20.47 86762 95022 2.50
15 — 30(20 min) — 80(40 min) 25.82 26.55 97010 102573 2.50
15 — 35(20 min) — 80(40 min) 22.53 23.54 115110 125662 2.50
15 — 40(20 min) — 80(40 min) 19.71 20.61 88097 96327 2.00
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WEEEEDS XA 7] 98l methylparaben, propylparaben, butylparaben, bisphenol= 7] 9]

olFA B4 27oR HAESIL FHe w2 FF berberine FEA7F &5 o] berberined F &

3t resolution¥} retention time& ZrE butylparabenS A A3 Ao}

Table Retention time for internal standard compounds.

Compound Retention time (min)
Methylparaben 11.27
Propylparaben 20.33
Butylparaben 27.21
bisphenol 21.01

HE B 21L Tableo]l YERNS A chromatograme Figell YeERSIth of 2] E24x7
a
[e)

3 Ay 91 10 mM hexansulfonic acid®] ion pair A2k A&}
A zko] o]l A QE o] gradient system= AFE3FTH 28 detecort UV 254
==

1o 2 o F9

o

tlo
ki)

E

N

Aol by mIt B,

fr
of

o

nmol A AZo] 75 oem columne €£EE 30 TE AL Are 24

A<l berberine, palmatine % coptisines w2438}t WH EFE 22 retention timeS 3173}

butyl paraben< A17d3}% 3 A A A< chromatogram-> o}z <} 2},

Table HPLC condition for analysis of Coptidis Rhizoma

(Elnnillf) A (0 ?%fﬁ;a r(l)zsulfomc B (Acetonitrile) %
Mobhile phase 0 85 15
20 65 35
40 20 80
Detector UV (254 nm)
Column Agilent Eclipse XD8-C18 (5 ym, 4.6 X 150 mm)
Flow rate 1 mL/min
Column temp. 30 C
Injection volume 5 uL
Device GILSON 306 PUMP, UV/VIS-156 Detector,
231 XL sampling injector
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Minutes

1. coptisine 2. palmatine
3. berberine 4. Intemal STD

Fig. Typical chromatogram of compounds from Coptidis Rhizoma

and Internal standard

(5), NLEA L 91 0% BOH 2% 2HAR

J71e] HPLCZA o2 3d A7 HHEAMS $3 70% EtOH FEES £33 A3} coptisine,
3}

palmatine 2 berberine©] <1 A1, A HHA peak:E epi-berberineZ N IFJEH EXZ7AY F
x

E 3o AIAFEHANH £

Ac)
A,
2
M
2
ni)
jah:h
ft
=2
>
I
<
=
al
2
=2
=
filo
gl_il
N

A, 2 9] alkaloid

peak®t T2 3 E peak:E FlH R &k or} epi-berebrines E3FEF= 471A]  alkaloidAl

HPLCE o] &3 dHEAor A g Hrle] o3 A ¥7F 5, Fuoly & fAF oA F

25 %+ epi-berberineo] &91Hol & HA AAAE Hw & £ gd.

200. ~'|-|_.-'
! 1. epiberberine
| 2. coptisine
100 — > 3!; 3. palmatine
§ 11 h 5 4. berberine
: U 5. internal STD
] J» - — — ,_._“;I‘i:l'_ ._.I W lI.. i _.:l_._ —
b I ' T
0 20 40
Minutes

Fig. Typical chromatogram of 70% EtOH extract from Coptidis Rhizoma

(6), HPLC ¥41%7 validation

O A, A, HE3A 2L AFsA (Linearity, range, LOD and LOQ)

@] FaAdEe AXAAN F=EYE coptisineg 2~100 ug/mL, palmatine; 2~100 pg/mL 2
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berberine; 2~100 pg/mLE 319lth, 2 A EARS Aawels AR 7} Ao wwola AMAS U
Bl wER EASoY WAHNE o83 APMoR FWAS: & Pahel FBE FUAHL vu
We=A 2 gt AEFIALOD)= Aad FFH(S/N) = 45 7[Eo® Asda, AFIAL0Q)=
S/N = 10& YeE= s=24 %759

Table, Linearity/LOD/LOQ of marker compounds

linear range . correlation LOD LOQ
compound (ug/mL) slope(a) intercept(b) cocfficient(™)  (ug/mL)  (ug/mL)
coptisine 2 - 100 -0.02357 0.02938 0.9994 0.1 0.25
palmatine 2 - 100 -0.001 0.02440 0.9992 0.1 0.25
berberine 2 - 100 0.01507 0.02039 0.9987 0.1 0.25

@ coptisine, palmatine 2 berberine®] 7 &4
coptisine, palmatine % berberine2 2~100 pg/mL FZ=H oA 2z correlation coefficient”}

0.9994, 0.9992, 0.9987= =& 2 HdAdS HAH

35

Coptisine
® Palmatine

Berberine
251

Ratio

05

0 10 20 30 40 50 60 70 80 90 100
Concetration (ug/ml)

Fig. Calibration curve of marker compounds

® A& A (reproducibility)



AWY S molu] B4 o] FHsael

e

Table, Repeatability of peak area ratio and retention time for standard by HPLC

Intra day (n = 5) Inter day (n = 3)

compound Peak area ratio (peak area/IS area) Peak area ratio (peak area/IS area)

Mean SD SEM Mean SD SEM
coptisine 8.07 0.07 0.03 8.04 0.04 0.02
palmatine 6.37 0.07 0.03 6.38 0.07 0.04
berberine 7.43 0.07 0.03 7.37 0.05 0.03
palmatine
1 day coptisine ﬂ % berberine 2day
100 1 100
(K
il [ Intemal STD ,_
. o JUN ) ol L
o 2:0 _— 4:: 0 a]o i 4:)
3day

-

o 2 40

B
A AA S FE, A9 T AAY 23S AAE woF AR IFE&S HESH] A

Az FY Ferh AE HAY F ospikedt ATES =7 HERAA
o] 7} A Eo| thste] peak WA 50~100% W oA (coptisine 40, 80 pg/ml; palmatine: 40, 80 u
g/mL; berberine: 50, 100 ng/mL) %7}k 3 bash®] A (QC sample)?} NEHAZ ZFES H7FsHA
e AAME B 54&S 73 A3 Tabledt 2o A¥ A3 Table®m}t o] coptisine,
palamtine, berberine® A A& E5F 9804 102 %9 =& 3F&S B B dAFoxa AA
HPLC A zxe 79 37H4] A&l =2 HAEHo] Fdo v Agito o 74
&S UEhh ojefdh Ads A 9254 nm) o] HA A

BA FolA ofF 4w BAe] b5d ARz ARt

:‘_]4
iu)
i
)
find
ox
Mo
o
M oy
it
i
B
a2
(o3
o,
)

ok
24

0w

Lo
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Table Recovery of marker compounds through standard addition

compound Added conc. (ug/mL)

Cal conc. (ug/mL) Recovery(%) SD SEM

coptisine

palmatine

berberine

0.0
40.0
80.0

0.0
40.0
80.0

0.0
50.0
100.0

7157 - - -
120.76 102.71 0.38 0.22
158.84 100.81 3.54 2.05

75.06 - - -
112.86 98.09 0.52 0.30
155.79 100.46 1.19 0.69
264.53 - - -
310.55 98.73 0.53 0.31
360.38 98.86 6.67 3.85

(7), HPLC z=71¢ ¢34 HE (robustness)

@ column #§-¢ ©

|

AAX AlF L coptisine, palamtine % berberine®] A A ¥ HPLC ZHd 2= HPLC columno] w&

a2 Eclipse XDS-C18 (Agilent Tech., 46 x 150 mm, 5 pm), Luna C18 (YMC, 4.6 x 150 mm, 5

m) 2 Xterra RP18 (Waters., 4.6 x 150 mm, 5 um)oll W3 theoretical plate (N), capacity factor

~

A==

k'), resolution (Rs) 5 4TE&
I gE AeE 2 o)z A
<

3T = =]
He| A FAHE Ao

I 7tsd

AES A ol2da 2 By xEE YMC column ©] AY =LA Y

olare]l Axr Ary] AAFE HPLC AL o= columno] % &3}

Table, Comparison of Columns for Robustness

Surface Ppre Analytes
Area size
Columns 9 o
/em (A) coptisine palmatine berberine

Theoretical plate (N)
Eclipse XDB-C18 177 80 124975 + 4641 127658 + 5561 130280 + 5485
Luna C18 400 100 86121 £ 4933 115254 + 17398 135530 + 4698
Xterra RP18 177 129 70165 + 497 21211 = 155 23925 + 142
Capacity factor (k)
Eclipse XDB-C18 177 80 3.82 £ 0.03 432 + 0.02 451 + 0.06
Luna C18 400 100 6.92 £ 0.12 7.26 + 0.12 8.09 + 0.09
Xterra RP18 177 129 3.06 £0 3.46 + 0.01 374 £ 0
Resolution (R)
Eclipse XDB-C18 177 80 - 412 + 0.03 1.98 + 0.04
Luna CI18 400 100 - 3.03 £ 0.13 751 £ 0.08
Xterra RP18 177 129 - 3.72 £ 0.03 243 £ 0.15
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@ column %o W& H|al

EA o] A23F column Eclipse XDB-C189] ¥4 2% 30T, 35T, 40CE zH3dAA Ztzte 4
¥l chromatography©ll 4] theoretical plate (N), capacity factor (k'), separation factor (a), resolution
(Rs) & #4TE AES 2% 2:®¥so] & olgds 4 ek #od e 2 Aol7F glAth
4719 HPLC @4 %38 %o wE 93 glo] & ef iAol 7Hsshadth

Table, Comparison of Temperature for Robustness

Analytes
Temperature (C)
coptisine palmatine berberine
Theoretical plate (N)
30 124975 + 4641 127658 + 5561 130280 + 5485
35 123903 + 476 129767 + 483 128957 + 3193
40 123033 + 217 129171 + 233 124040 = 971
Capacity factor (k)
30 3.82 £ 0.03 432 £ 0.02 451 £ 0.06
35 3.86 £ 0.10 440 £ 0.13 445 £ 0.10
40 3.39 £ 0.13 392 + 0.11 4.09 £ 0.14
Resolution (R)
30 - 412 + 0.03 1.98 + 0.04
35 - 413 = 0.05 1.88 £ 0.07
40 - 435 = 0.26 1.42 + 0.06
palmatine i
= - =
} 30% CODtISIFIEﬂ Uﬂ berberine 35&
200 05
\b | Intemal STD
i i L - _ A i l
0= 1]
T 1 L] T
(1] bl %0 a 20 0
Mirwsies Mirndes
m_
10%
|
.
] f
o - ]{.u_._.._l e
o ' s 0

Fig. Typical chromatogram of comparison of temperature for robustness

@ 1-hexansulfonate &% W& HjwL
spH o] BAo] AlE3F coptisine, palamtine, berberines alkaloidZ] 3§ &9 HEE =o]7] 9
3to] jon—pair &2 1-hexansulfonate® 5 mM, 10 mM, 20 mM F =] w& zZ}z}¢e] A E 9] theoretical

plate (N), capacity factor (k'), separation factor (a), resolution (Rs) 5 A5 HES A3 o2t
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2 R 59 e Zo7b gldd Av]el HPLC #A4x%72 ion pair Aoz
hexanesulfonic acid®] &= W& g8 §lo] 3ol slapi o] 7lF3F

Table, Comparison of 1-hexanfulfonate concentration for Robustness

Analytes

Temperature (C)

coptisine palmatine berberine
Theoretical plate (N)
5 123805 + 495 129470 + 172 114314 + 52
10 124975 + 4641 127658 + 5561 130280 + 5485
20 123033 + 217 130939 + 397 133036 = 298
Capacity factor (k')
5 3.63 + 0.07 412 £ 0.10 435 + 0.09
10 3.81 + 0.03 432 £ 0.02 451 + 0.06
20 3.88 + 0.06 3.32 £ 0.05 454 + 0.06
Resolution (R)
5 - 3.78 + 0.29 141 + 0.07
10 - 4.23 + 0.08 1.97 + 0.04
20 - 448 + 0.24 211 £ 0.10

®), A=Y FEx41 AE

D F=&1) (Extraction solvent)

2

(i

NE F5 A FE8ve AAS 98] A8 10 ¢ BE 7H2 70% EtOH, 70% MeOH, 70%

EtOH + 1% HCl ¥ 70% MeOH + 1% HCIZ 7}7} 2A17F4 23] reflux3dte] 4F71e] HPLC &7 o=

coptisine, palmatine, berberine2 +213}%th. Table®} #Z©] palmatine¥} berberine< 70% MeOH £ 7j

9

= A
Bk, goele = oozt 445 &l 75% MEgse FE 8

o AA Aoz 374A] A9 FEL 70% MeOHO A =& FFo] gelwlal, 747t

FEE M B8 £S5 B9, coptisine 70% MeOH + 1% HCl9 FFoA] & FFo]

9]

Lo

Al

/K

Ll
0[4

45,
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Table Extraction efficiency (%) vs. extracting solvents

content (mg/g)

solvent coptisine palmatine berberine

Mean SD SEM  Mean SD SEM  Mean SD SEM

70% EtOH 1463  0.99 0.58 14.28 0.36 0.21 5316 210 1.21

70% MeOH 1779 031 0.18 16.91 0.65 037 6042 236 136

70% EtOH +

196 HCI
70% MeOH +

1% HCI

1919 114 0.65 16.65 1.31 075 5709 326 188

1952 013 0.07 15.85 0.42 024 5867 236 136

@ FEAN} FEER

70% MeOH+1% HCIZ 30, 60, 120% % A FEWHoRE 25935 Id/FYZL F&
A FES vastar 1 A3E Tabled YERW ST FEAI7ES 60 o]/l A F3o] =AU
HWFH 2 reflux®} sonication W o= =}o]7} 1)
Table, Extraction efficiency (%) vs. extracting solvents.
Method content (mg/g)
(min) coptisine palmatine berberine
Mean SD SEM Mean SD  SEM Mean SD SEM
Sonication
30(X 2) 200 0.02 0.01 2.19 0.03 0.01 823 0.14 0.08
60(X 2) 878 0.06 0.03 10.11 0.11 0.06 40.17 0.18 0.10
120 (X 2) 967 019 0.11 10.81 048 0.28 4346 0.16 0.09
Reflux
30(X 2) 324 003 0.02 3.63 0.04 0.02 13778 0.09 0.05
60(X 2) 1046 014 0.08 11.79 0.23 0.13 4743 0.86 0.50
120 (X 2) 10.26 0.05 0.03 10.76 0.06 0.03 4797 011 0.06
Shaking
30(X 2) 235 0.02 0.01 2.83 0.04 0.02 968 0.15 0.08
60(X 2) 542 007 0.04 6.65 0.06 0.04 2543 028 0.16
120 (X 2) 704 019 011 8.55 0.22 0.3 33.30 0.68 0.39
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2hr Reflux ﬂbemeri"e 2hr Sonication
palmatine 1 _ coptisine i
ﬂ‘. Intemal STD ﬂ
100 r;, [! 100 l il'
: il
[ - _.,._..ti:ill !!l 1 D__'.L_._.___, __,._{inln,_t_'L_L__ 1

eplberbenne

J.__ l |

| 5 I
1] 2N 40
Mirubes

Fig. Typical chromatogram of comparison of extract method

B Aol FFEFo gdo] 3t ekAH AL coptisine, palmatine, berberine®] 3 7FA ZFE
sk 23 Yol A werE Suoxe <HHAS AFstr] st 45 A3F A A berberine©]

Ao gdor B & u oF7F ko] WX coptisine¥} palmatineS $HEHIIF X, FYF

b
Mo
0%

>

100 & 100 4 ——

20 4 20 4

—o— coplisine
—s— palmatine
60 1 —— berberine

—o— coptisine
—— palmatine

Alls —A— betberine

% of rem aining
% of remaining

40 ] 40 ]

20 4 20 4

Time (Day) Time (Day)

o

gyg EAH o YA b 1659 FH HA T AR FHESE FHEAT AlE
FdEe] YA H TRl mE FFES AESH] fstel w2 di4t1 (CDU-1, $54k, sksA
{1, Coptis chinensis), W72 (CDU-2, =4k #ARAAL 91, Coptis chinensis), W73 (CDU-3, =4k,
AA=wi Al & G591, Coptis chinensis), 254 (CDU-4, =Xt S84 <1, Coptis chinensis), 3%

(CDU-5, =44t 344 G, Coptis chinensis), W#1 (CDU-6, T =12k @A ekE 91 Coptis

dt
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chinensis), W72 (CDU-7, =4t A5%EF T, Coptis chinensis), 113 (CDU-8, T34k, T =39
¥ 4, Coptis chinensis), A|7]1%&1 (CDU-9, T4t ®4WHAEA Coptis chinensis), Al7]%2 (CDU-10,

Z =2, Wl 91, Coptis chinensis), 91 (CDU-11, T4k A1ekE 91, Coptis chinensis),
42 (CDU-12, =4k dxHFH Al +94, Coptis chinensis), 933 (CDU-13, =4k, 2 Al 2+
T, Coptis chinensis), %51 (CDU-14, =4}, M3std 91, Coptis chinensis), 352 (CDU-15, &=
A

A BE Akl 9, Coptis chinensis), 353 (CDU-16, &34k, Z3}oF= 9], Coptis chinensis) 16F A

B9} AFEoJorE A AHANA AFI vl AFE E3#H (N-2, Picrorrhiza kurrooa), %2.3% (N-3,

il

Coptis chinensis, <33, A&+ (N-4, Coptis chinensis), ¢t=A1%4 =3 (N-5, Coptis chinensis),
Stk Ald #=H  (N-6, Coptis chinensis), A13dA1% 3 (N-7, Coptis chinensis), Z=3#(N-8,
Jeffersonia dubia) 7% % 2359 A5 h o2 epi-berberine, coptisine, palmatine, berberineS +
23 A= oty figureot .

ool ¥ berberine $HEFe 45% olS RstESE A E vk 16709 Al ™ AR
659 A 8% berberine®] o] Ao AHEE A @kskr). F#Ho|= epi-berberineo] Eo]3A &
I glor, gl AlZoA palmatine A #°] coptisine®Th &aFo] £ Aoz FFHu)

1} HPLC £21o) A 3F# ol berberine, epi-berberine, palmatine, coptisine €] ¢] alkaloid A &S A&

ofy
o

)

H

o1
¥ 4]

90 1
I }: O Berberine
80 A I O Coptisine

70 A

N

40 A -

Concentration (mg/g)
(6]
o
.
H
H
—
h

30 1

20 1

10 .‘
O’ 1 1 1 1 1
2'3

oH 71 =3 gF2

I mNEnlE o

o &1 A3 AH2 X711 54 No. 2 No. 4 No. 6 No. 8

r2t

Fig. Analytical results(mg/g) of berberine and coptisine in Coptidis Rhizoma.
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Fig. Analytical results(mg/g) of epiberberine and palmatine in Coptidis Rhizoma.

%9 No. 2 w- No.8 ﬂ Intermal STD

Intemal STD

- ‘_ l -

al L L e X L

[\] 40 0 20 40
Minuses Minutes:
ﬂ berberine
a1 coptisine |
100 Imatlne
. Jl Intemal STD
D__il_- _____ ___AM_J-[\
T T
'] 40
Minutea

HEZAES 93 WP o2 TLCE ol &ste] 4719 AFolA 743 165 A5 255 oFF<t
AAANA AFE 75 A5 70% MeOH + 1% HCl & F=&9 100 ul <F Z+Ze] EF3F coptisine,
palmatine, berberine, epi-berberine 10 ng® S spotting ¢t
1:9 9 &m2 7/l ¥ TLC scanner 365 nmolA &<lgh 1qo|t}, Fegde] A

= =
K3 T
a3 Aior gL, ] FH

_ir_
% np-propanol : formic acid : water = 90 :

berberine, epi-berberine, coptisine, palmatine®] A &3 F

frAb alkaloidAl &2 A71¢ TLC A HEHA Fskvh ol Ad= = Al 7%
=+ &9 Coptis chinensis ©¢ 4L A 5 Addoh. 28 589 (N-2, Picrorrhiza
hkurrooa)¥ Z3¥ (N-8, Jeffersonia dubia)olA+ alkaloidZl 3}g&Eo] 2T X ol 3FH} o] F o]

FAE W ovgome] Age Baek Aol Ags AnB

o]
=
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coptisine
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Fig. TLC pattern of compounds from Coptidis Rhizoma

.
Al Ot
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n epiberberine “ =M ﬂ S
herherine n 2] M “ S 2
coptisine n L FaR| HA 3
palmatine n = 2 “ 331
3 1 A 3 Bl ==
N o= H2IS 1 273
r EEE BN aois2 0 N2

Fig. TLC pattern of compounds from Coptidis Rhizoma

th, HPLC % TLC$ DNA %4 pattern £4 ¥

AlFo A F93k gHe HPLC ¥ TLC #4122 (Coptis chinensis¥ & 215 ¢lar 2] o] oFd o] A
3t ©3te (N-2, Picrorrhiza hkurrooa)® Z3+# (N-8, Jeffersonia dubia)2 alkaloidZ 3}§HE o]
HA ol gy} o]Fo] FAIY ¥ d&ore] AME2 E7HsSlth R DNA S pattern &

| = ol A Y938k 3FH-E Coptis chinensis® 2H¢lx o] 313t ¢l kol Wl e X &
o},

2L

ol

I

At
o

i
2
i)
filo

30
32

2}, pringer print A EHEA

A FREF 165 Ao okA AFF TEo U3 coptisine, palmatine, berberine, epi-berberine2]

Of
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skaFo]  dlgk R-programs  ©]&3to]  FAIAE YT FAIAEE  dendrograml®E A HE&

=

agglomerative clustering (AGNES)¥} &= 232 PCRZ A @ sle] partitioning around medoids
(PAM) ¥ clustering large applications (CLARA) dataZ it}

Agnes for val of ALL

Clara for val of ALL pam for val of ALL

s opkain 52 73 % of the port vasriatalty

371'¢] dendrogram®f PAM % CLARA 1@dlAsh o] 55 3a

ANE7F 2& a8o=m Eole AL berberine 59 alkaloidd Ad#o] @o)

ul, LC-MS/MS $A 3 %9
(1), HPLC &4 =#A
HPLC system< binary pump, autosampler, degasser, column oven

series (Palo Alto, CA, USA) & o]&33t}t 0.06% acetic acid in 1.5 mM ammonium acetate-

o2 FA % Agilent 1100

methanol (60 : 40, v/v)2. % isocratic elutiond}$3 3 Agilent ZORBAX SB-C18 35 pm (2.1 x 150

mm)e| 4 AHeow wHstArt. A¥ &%= 40 T2 fAshdor #42 02 mL/mino® 33
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o} o9k Zo] LCoA epi-bernerine®} coptisine2 & retention timeS X.$131 berberined
palmatine®™ 72 retention time< A3 AX T MSZ #4]o] 71531 th

Table HPLC condition of Coptis chinensis

Column Agilent ZORBAX SB-C18 3.5 um (2.1 x 150 mm)

Column Temp. A constant temperature of about 40T
Mobile Phase A mixture of 0.06% acetic acid in 1.5 mM ammonium acetate—
methanol (60 : 40, v/v)
Flow rate 0.2 mL/min ( Total Analytical time within 15min)

(2), LC-MS &A%
MS system< Sciex API 3000 triple-quadrupole tandem mass spectrometry (Applied
Biosystems, MDS Sciex, concord, Canada)E& A}&3}1t}l. Ion spray interface= turbo ion spray®

turbo gas temperatureES 400 TollA 45 KVZE 3} positive ion detection mode® A3t H A

A
o

=74 parametert= ZE A 3HE S flow injection 3Fo] thg9 HAZ7ES T3 H. nebulizing
gas flow, 1.46 L/min; auxiliary gas flow, 6.1 1/min; curtain gas flow, 0.95 L/min; orifice voltage,
53 V, ring voltage, 400 V; collision gas (nitrogen) pressure, 3.58 X 10 Torr. berberine, m/z
336.9 — m/z 321.2; epiberberine, m/z 3369 — m/z 321.2; palmatine, m/z 3524 — m/z 337.0;
coptisine, m/z 3200 — m/z 29292 =4It tpe 2"y o] MSE 74249 AE9 detection
7heatdal, Aol 22 berberine¥} epi-bereberine LCOlA retention timeo] X}o]7} o] Z+zh

o7 BEXo] 7153t} base lineo| W& 3o #AE = ekl

miz=321.2

]
2s] .
\\D *
o 20w |
& CH3
=

OCH3

0 5o

sz
Berberine
oo | feee of 70
% 20 E3 o r S
Wiz o o s e Z
m/z=337.0
Hago.
Hator [
e OCH3 o0
DCHy
Palmatine 229 |z
80 1i1
Jiuns i ame w2 w0 swn mas Ty | JestP fasis ' k
0 140 200 %0 300 'W 0

2,
£ 20 E 0 ain)

Fig. Tandem MS spectra of the marl?emr compounds
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Fig. HPLC-MS chromatogram of standards

(3), LC-MS #H %A 24
LC-MS/MSeol 23t AHzEAS 31317 93] berberine, ep/-berberine, palmatine, coptisine?

AESI = 59 100 ng/mL ~ 1000 ng/mLelA #HA3S BT

A
oft
>
tlo

Table. Calibration graphs.

Compound a b R
berberine 6432 46247 0.9997
epiberberine 14423 63155 0.9987
palmatine 18342 149554  0.9992
coptisine 6748 -28135  0.9997

3.2 5% (Araliae Continentalis Radix)

7}, HPLC 424
(1), ©] 5% buffer&oe] F=o} FH

ol 54 AdS 934 acetonitrile® B2 EHZAS HESS O diterpened 3FES Ao of
Z w3 UV chromophore”} {10 oF#l ] chromatogram® 7o)l Egl %7} wrekth. buffer &S A}8-3)
o] AEstA HEZ buffer €92 20 mM phosphoric acid, 10 mM hexanesulfonic acid sodium salt,
0.1% acetic acid solution, 0.1% TFA solution &o°l™, &4 & & F8 42 continentalic acid®]
Y ZzANA ol2d4E HAES AL AFE3 buffer solution & 0.1 TFA (trifloroacetic acid) solution
o] 7} =2 o]Eu4E Ho] buffer solutione 0.1% TFAE AAHIAY. F&9 FAXHES o|F=
diterpene 3}3E LS carbonyl groupe funtional groupl 2 302 acid’l gl | 9o| A= tailing
g afol glo] Abgo] Erbgsith 8¢ AEo] HPLC #4]-2 mobile phase ol acid7} £33 &= &)

7b ZapH e s @4 o] hE skt

_78_



Table. Effect of buffer solutions on mobil phase

Retention time (min) Theoretical number
Mobile phase
continentalic acid continentalic acid
H-O : ACN (2 : ) 10.01 2513
0.1% TFA : ACN (2 8) 1291 4572

(2), detector W} HAE

diterpene #3E-E UV chromophore’} §li #Ex}Zo] ZFol UV detector A& o3t B8
olE ol 3o o8 FFe HESAL AL UV 34 F 205 nmolAl continentalic acid’} & = o

detector®] I+4& 205 nm= 1A ] =A 39T},

Ao AREg SRk E

* parabenZ| 3}3HE: methylparaben, ethylparaben, butyparaben, bisphenol.

* terpene’] 33E: eudesmol, cryptomeriol, tetralone, 3a,23-dihydroxyolean—-12-en-27-oic acid,
3-oxo0-23-hydroxyolean-12-en-27-oic acid.

* lignan7| $}%&: asarone, pinoresinol, laricinresinol.

durd o7 YEHIEFEEE parabeni = S92 deterpened &3 =i Zol7p A Algo] B

stttk w8 FxA o8 FASE sesquiterpenes, triterpenes, lignans 59 33ES AEsSIGEH 24

3 E T E94F (Aceriphyllum rossiol A 23t  3-oxo-23-hydroxyolean-12-en-27-oic acid 3}3t

Eo] UV 205 nmolA 5&9] diterpeneZl 3tg=3 FAFSE 4383 HPLCY retention times X W

ERFEEA2 AAsidr. 28y sdEolA 83 33 E 3-oxo-23-hydroxyolean-12-en-27-oic

o] Wo] EA3R ¥+ FFEZE UE 3 EEZE betulinic acidE WHEFFECE AL

OH
3-0x0-23-hydroxyolean-12-en-27-oic acid
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(4), HPLC ##x1 44
HZ BXz7AL Tabled YEMW A chromatograms Figoll YeEFUSITh o8 E4%AL 4
3t A3 g 019% trifloroacetic acid (TFA)E AFE3Fi= Aol 71 &37F £k, AFEo] RS
isocratic WH o 2% EXA7to] 30& o2 7F5ditt. 28] detecor= UV 205 nmol A &) 7}
ot oen  columnd £X&E 30 CTE ARG A7e A xHoE g9 FoAEd
continentalic acid, epi-continentalic acid ¥ kaurenoic acidE EX3gth WE ZTZE2 L retention
timeS H 3] EWFoAA E8 3 3-oxo-23-hydroxyolean-12-en-27-oic acidE A AsFH 1 A A A <l
chromatogram< oF#l 9} 2}, 4 %2712] UV detectione 205 nmolA] =74 35}o] baseline?] ¢f3F &5
AEo] AHuko= o] Qo BXM A validationd| M= ZHzb
o] 7} WM oA A o] H At

o} =& deterpenel
parameter’} E5 4
*Column: Agilent Eclipse XD8-C18 (5 pm, 4.6 X 150 mm)
30

=go] HgFel 285 = HPLC 2312 53 2o
30

acetonitrile (%)

70

*Detector: 205nm
*Injection Volume: 10 puL
70

*Flow rate: 1 mL/min

0.1% TFA (%)

epi—continentalic acid
kaurenoic acid

. continentalic acid
4. internal STD

x*Mobile phase:
Time (min)
0

1.
2.

40

200 —

=200
]

3

0
' T ' |
20 40
Minutes
Fig. Typical chromatogram of compounds from Araliae Continentalis Radix
and Internal standard

A3 ]]._‘Ej’_

1S 98l 70% EtOH FEE&

acid7} EelEa, A

913k 70% EtOH F&& &

Ao
1=

1)

(5), HEE
acid, kaurenoic

&71¢]

epi—continentalic

HPLCx7Ao=ZE =% Al79
aci

SRS
continentalic

=i
=

d
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(
i

epi-continentalic acid= °o}F =& A] 1% 31, kaurenoic acid®} continentalic acid’} FLAEo = &

-

o1} epi-continentalic acidE ¥3%3t= 37

(@)
Qy
=~
rr
St
o
i,
x
(o]
°
%0

A#At 2l Fad ve 3FE p
HP

=<}
A diterpene”] 4% HPLCE ol 4@ AeRNol S8AR Brte 28 A%st 94 Aoz Azd

=3
400 —
1. epi—continentalic acid
2. kaurenoic acid
2 3 3. continentalic acid
77 4. internal STD

Fig. Typical chromatogram of 70% EtOH extract from Araliae Continentalis Radix

(6), HPLC ¥4 %7 validation

O AHAA, HY, A=A L A=A (Linearity, range, LOD and LOQ)
=590 FaAFEel AN FLEWE epi-continentalic acid; 8~132 ug/ml, kaurenoic

acid; 8~132 pg/mL 2 continentalic acid; 8~132 ug/mLE 3ttt 2z A TR HHEHE=

¢

AEZ 7 AE9 sZodA AAAS dedls s=2 AN AR E o] &3 HFA
o8 APAF & Pkl FE3 AAAE JE A Fdstd. 2EFALOD)E A%
A FSHl(S/N) = 42 7Ieo® Asidal, AFFALOQ = S/N=10& HHUH= =24 i

715k,

Table, Linearity/LOD/LOQ of marker compounds

d linear range lope(a) int (b) correlation LOD LOQ
compoun slope(a) interce
P (pg/mL) P P coefficient(r®) (ug/mL) (ug/mL)
epi—continentalic

8 - 132 0.023614  -0.04008 0.9987 1 2.5
acid
kaurenoic acid 8 - 132 0.024241  -0.08218 0.9983 1 25
continentalic acid 8 - 132 0.038075 -0.038075 0.9986 0.5 1.25
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standard each 132 ng “1 standard each 66 pg

ol .
|'| ﬂ |‘|

1 — .
(WA ll___.-"'-\____ o PR I SRV S— I L R W |

Mg — N [ - = —_ =
| ‘ |
andard each 33 pg Istandard each 16 170 ]
€ pl—continentalic acid continentalic acid

|-_L__,_ I A - —

standard each 8.3 pg
kaurenoic acid ]1

Fig. Typical chromatogram of standard compounds for calibration curve

@ epi-continentalic acid, kaurenoic acid 2 continentalic acid®] 7 =4
epi-continentalic acid, kaurenoic acid % continentalic acid< 2~100 pg/mL &sX=H$oA 2+2t

correlation coefficient7t Zt7F 0.9994, 0.9992, 0.9987% #=2 AMAES HATh

6
] @ Pimaran—18-oic
] mKauran
57 OPimaran—19-oic
4-
©
® 3
oo
5]
1
o : :
0 20 40 60 80 100 120 140

Concentration (ug/ml)

Fig. Calibration curve of marker compounds

* pimaran-18-oic: epi—continentalic acid; kauran: kaurenoic acid;

pimaran—19-oic: continentalic acid.
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@ A& A (reproducibility)

A BEARAHS B9 BAAg] A
Aq3te] 3 A3E Tabled YERHS
kaurenoic acid, continentalic acid =5 0.1% o|Wdth. %o 4 A A7]e HPLC Z2Hdo= =

&

o] Tt diterpene 3 =0 £42 2 AP S Holw &4 o] 7bE stk

|

=
e
jlisA
Y
o
2
R}
ox
o
X
r o
ol
o
)
fo
:t,)é
1:H

R

o
M

=z o
\__‘E

o
=]

o

TAAY I3 2 Ay AEAdLS  epi-continentalic acid,

Table Repeatability of peak area ratio and retention time for standard by HPLC

Intra day (n= 5) Inter day (n= 3)
Peak area ratio Peak area ratio
compound (peak area/IS area) (peak area/IS area)

Mean SD SEM Mean SD SEM
epi—continentalic acid 0.948 0.013 0.006 0.943 0.005 0.003
kaurenoic acid 0.752 0.029 0.013 0.749 0.004 0.002
continentalic acid 1.156 0.040 0.017 1.121 0.089 0.051
| lday continentalic acid lzday kaurenoic acid

ﬂ_lllﬂ ﬂ!}

!

3day | epi-continentalic acid

ﬂﬁ ﬂﬂ

e

Fig. Typical chromatogram of standard compounds for reproducibility

B

TAT AA 22 FE, o T AAY 2AE AHE FA ARAHEY I5ES ARG 9
sto] = Mol o3 EAARZTE Tt AT A F ospikedt HFEC FR7F A
o] Zt AE st peak WA 50~100% HNA (epi-continentalic acid 6.7, 13.3, 23.3 pg/mL;
kaurenoic acid: 6.7, 13.3, 23.3 ng/mL; continentalic acid: 6.7, 13.3, 23.3 ng/mL) #7}%+ 3 bash®] 7
(QC sample)¥} HEZAAZ ZTFES F7ekA & AAES A5 3585 73 23+ Tabledt 2
ot A¥ A= Table?t o] “go| obaF -3 kaurenoic acid¢t continentalic acid= 371 €] E ol A
95% olAte] ZL& ¢SS HAY. Yy ngoe R EAEE epi-continentalic acidE 23.3 pg/mL F
ToA 89.8%2 3FE&S KoL 67 % 133 ug/mL FEAAE oF 99%9] &S Ho] B AT
A AAF HPLC 24202 4719 37HA il = A&Ho &9 v& A&d o 1tHax7t
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A7 #Aje] etk w8 EAgol 205 nm e E HFea ofF

Table Recovery of marker compounds through standard addition

Rl

3 #4je] shssheln.

d Added conc. Cal conc. R (%) D SEM
compoun ecovery
(ug/mL) (ug/mL) ’
0.0 0.10 - - -
epi—continentalic 6.7 6.74 99.75 0.19 0.11
acid 13.3 13.34 99.55 0.59 0.34
23.3 21.02 89.81 3.80 2.19
0.0 3.68 - - -
) ) 6.7 10.04 95.50 0.23 0.13
kaurenoic acid
13.3 16.79 98.13 0.82 0.47
23.3 25.92 95.62 2.55 1.47
0.0 4.99 - - -
) ) ) 6.7 11.25 96.26 0.23 0.20
continentalic acid
13.3 18.11 99.0 0.82 0.75
23.3 27.04 95.57 2.55 1.52

extract + compound each 23.3 pg

extract + compound each 13.3 pg

kaurenoic acid 1.S.

exffract + compound each 6.7 pg

| . . ) . continentalic acid
It epi—continentalic acid

Fig. Typical chromatogram of recovery test with extract of Araliae Continentalis Radix

(7), HPLC =79 978X HE (robustness)

@D column &9 vl

A HAA L epi-continentalic acid, kaurenoic acid, continentalic acid®] A& ¥ HPLC Z7o=&
HPLC columnel] W& <3S Eclipse XDS-C18 (Agilent Tech., 46 x 150 mm, 5 yum), Luna C18
(YMC, 46 x 150 mm, 5 ym) % Xterra RP18 (Waters., 46 x 150 mm, 5 pm)ol ©™ 3] theoretical
plate (N), capacity factor (k’), resolution (Rs), selectivity (a) & TS HEI Zy oj2d=

MAE EHEAe

td
it

YMC columne], 2=+ Eclipse XDS-C18 columne] A¥ %A vsgko
columnol| A &2 o] 715313
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Table, Comparison of Columns for Robustness

Surface Ppre Analytes
Columns Arez; size conti - :
/cm (A) epr con menta kaurenoic acid cont1n§nta 1C
lic acid acid

ggfoggtﬁgé@_%fg N 77 80 8092 + 157 8058 + 657 8487 + 241
Lung 18 400 100 14583 + 1282 13587 + 355 12906 + 547

Yo CRPLS 177 129 7016 + 49 6121 + 15 6059 + 575
gfﬁaggyxggfélgk) 177 80 1086 + 0.19 1218 + 024 1321 + 0.29
Lung 18 400 100 561 + 044 573 + 046 623 + 052
N RPIS 177 129 1306 + 007 1346 + 001 1424 + 0.04
Wag 177 80 226+ 006 164+ 004 356 + 001
LGgs‘élg 400 100 264 £ 044 196 + 0.12 3.35 + 0.19
Yo RPLS 177 129 265 + 010 144 + 008 256 + 0.11

Selectivity (a)

2CICCLVILY (G 177 80 145 + 001  1.30 = 0.00 1.20 + 0.01
ECEDSEéDB C18 A0 100 137 + 001 124+ 000 114 + 001
una 177 129 129 + 0.06 144 + 0.13 1.16 + 0.03

Xterra RP18

@ column

Aol ARE-&

2o ug vl
column Eclipse XDB-C18¢] #4]-&

= 25T, 30T, 35C, 40C® FAsuA 77e]

#2145 chromatography©l 4] theoretical plate (N), capacity factor (k’), separation factor (a), resolution

AArE AED Ay &

=Rt g ol

/\}:;
Tl—
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Table, Comparison of Temperature for Robustness

Analytes

Temperature (C) epi—continentalic

kaurenoic acid continentalic acid

acid
%heoremca] plate (N) 9799 + 594 9768 + 1142 9786 + 525
o 8093 + 157 8570 + 657 8483 + 241
e 8526 + 978 8975 + 600 8614 + 231
e 7343 + 726 7876 + 856 7509 + 129
ggpamy factor (k) 1146 + 033 1291 + 0.42 14.02 + 044
" 1086 + 019  12.08 + 0.23 1392 + 0.28
i 1010 + 028  11.24 + 0.29 12.96 + 0.38
0 9.98 + 0.20 1031 + 0.20 1116 + 021
%’On(m 247 + 0.08 206 + 051 3.83 + 0.08
o 226 + 0.05 164 + 0.03 356 + 0.00
i 213 + 0.08 1.60 + 0.04 328 + 026
e 193 + 0.07 148 + 0.03 320 + 007

O FZ48v (Extraction solvent)

FE A FEE] AAE fs) AR 100 mg A& 47 70% MeOH, 70% EtOH, MeOH, EtOH
2 Z+7ZF 1A 7R 23] sonicationdle] AF7]e] HPLC %A S =2 epi-continentalic acid, kaurenoic acid %
continentalic acids #4&t3ith. Tabled}t #eo] ztzte] Aol EtOH F&olA 7H =2 F3o] &9y

Atk AAA o m 7FA] e FEL duEE FEE&E A8

Table, Extraction efficiency (%) vs. extracting solvents

content (mg/g)

solvent epi—continentalic acid kaurenoic acid continentalic acid

Mean SD SEM Mean SD SEM  Mean SD SEM

MeOH 0.04 0.03 0.01 3.07 0.88 0.51 3.80 077 044

EtOH 0.15 0.05 0.03 4.34 1.11 0.64 5.26 1.14  0.66

70% MeOH 0.08 0.03 0.01 3.32 0.21 0.12 4.16 0.09 005

70% EtOH 0.14 0.12 0.07 3.54 1.78 1.03 4.29 210 1.21
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|1 70% MeOH
1

|| EtoH

continentalic acid

. l kaurenoic acid ﬂ I.S.

| 70% EtOH

IO il

| Ll A , JAAVE . A _

Fig. Typical chromatogram of each solvent extract

Q@ FEAH} FE2x7

EtOHZ 30, 60, 1205 = A

sonication WHA =&

sF¢lal 1 A¥E Tabledl

Table, Extraction efficiency (%) vs. extracting solvents.

Method content (mg/g)

(min) . ) . . ) ) . . .
epi—continentalic acid kaurenoic acid continentalic acid
Mean SD SEM Mean SD SEM Mean SD SEM

Sonication

30(X 2) 0.08 004 0.02 2.71 097 056 375 119 0.69

60(X 2) 017 016 0.09 3.43 053 0.31 487 065 0.38

120 (X 2) 015 006 0.04 3.47 0.76 0.44 474 061 0.35

Reflux

30(X 2) 0.07 008 0.05 2.17 062 0.36 298 085 049

60(X 2) 011 006 0.03 2.36 049 0.28 3.36 076 044

120 (X 2) 0.10 0.08 0.05 274 0.12 0.07 382 024 014

Shaking

30(X 2) 0.04 004 0.02 2.15 064 0.37 287 052 0.30

60(X 2) 0.09 004 0.02 2.95 0.40 0.23 419 075 043

120 (X 2) 0.11  0.05 0.03 3.14 0.26  0.15 441 041 0.24
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BD_E_ continentalic acid | 1)\'?_" -
i kaurenoic acidﬂﬂ | l. S. A ﬂﬂ ﬂ :

Fig. Typical chromatogram of extracts by sonication

O

9), F=F2] HAA

il

B AN

==

(S
lo
ofo
2
)

=z 3
fLE

thak <orF AL epi-continentalic acid, kaurenoic acid %

continentalic acid®] 3 7F#A] FEol thet A3 WAl ek fujoA o] kg S A slr] 98}

o] 30 4zt AT A 7HA AR vgE Svlel A 30Uzt A2 AR AAks AR dEHss
Pl e WgnselA 371 ¥ mE bAskgch
5 °C Room Temperature
1207 1201
100[ %%%4% 100 F
a0[ 801
sof —+— epi-continentalic acid 80

—&— kaurenoic acid
—&— continentadlic acid

407 401
201 20 [
0 0
1 3 5 10 15 20 25 30 1 3 5 10 15 20 25 30
day day

(10), A9 5 Ay A & &4 (assay)

Aolokgoln ATE 52 6

of\

; 58 (AC-1, Aralia cordata, ¥ 4b), 5% (AC-2, Angelica
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pubescens), A5& (AC-3, Angelica pubescens, 54 A, &8 (AC-4, Angelica pubescens),

38} (AC-5, Aralia cordata, R1¢t Ab), =3 (AC-6, Aralia cordata, &4 Ah); AEH% =& 4% =3
(AC-7, Aralia cordata, ¥4 2} #F79 1), 58 (AC-8, Aralia cordata, B3 At ZF1< 2), 5&
(AC-9, Aralia cordata, 94 4, S+ 1), 58 (AC-10, Aralia cordata, 94 4, S+ 2), 5%
(AC-11, Aralia cordata, 91 4t A71&7Y 1), 58 (AC-12, Aralia cordata, 942 2F 9dTY 1),
=% (AC-13, Aralia cordata, ¥4 2F, A7 2), 5 (AC-14, Aralia cordata, 4% 4, G475
3) 5% (AC-15, Aralia cordata, +s 4, 91774 1), 58 (AC-16, Aralia cordata, 9472 4, o+
9 2), & (AC-17, Aralia cordata, 173 2}, dl5-+% 3), =& (AC-18, Aralia cordata, ¥4 4k, o=
T4 1D, 58 (AC-19, Aralia cordata, 4% Ak, A4 2), 5 (AC-20, Aralia cordata, ¥4 4k, d

A9 3)s o= ArledA AR FEUWy HPLC B4 xdes 845 AAedt. & 2059

Al&ol W3t epi-continentalic acid, kaurenoic acid % continentalic acidS #2413+ ZA3= o3 figuret
Fag=

=3 /5o Q= diterpened AE T continentalic acid®} kaurenoic acid’} T LAAEC R 7}
7t 0.3% - 1.0%, 0.1% - 6.5% F-frEol A& AT F7F AR 2w epi-continentalic acid&= 7] &4

To2 EASATE Angelica® ol T= A5 589 a3 A4 diterpened] o] FFdtal

2} ookekth. 18la Araliag 4 E=do| A= 5 diterpened AEo] FHdta Qo] Z& AFE E

o

10 -He'g
B epicontinentadlic acid
O kaurenoic acid
8 B Continentalic acid
6 .
4+
2 -
O 1 1 1 1
1 2 4 5 & 7 g8 ¢ 1M 12 13 W 1B W% 17 18 19 20 sample
1Ao7 FFEY 2. A9 NS 3. 0|20 NF(MEH) 4. Ao NS 5. A0 NF
6. &]0epy

Mz 7. FF-1772) 8.%F-2 9. 51 10. 58-2 M. M7IF 12. 91 13 9F-2
4. @E-3 16. =1 16, B2 17, ':Il-r—3 18. BT 19. BHE-2. 20. :HE—S.

Y, TLC £4
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EREAS 913 WHo R TLCE ol &3ste] 479 AFddA 43 1459 53} 2F ookt
AHANA AFs 6F F&d 3] 70% EtOH F=< 100 pl oF 27+ X +3F epi-continentalic acid,

kaurenoic acid % continentalic acid 10 ng® < spotting3 ¥ hexane : EtOAc (5% formic acid) = 5 :

19] &2 A/ 3 10% HSO4 spray $ heatingste] Z42re] AES &8ttt 18y kaurenoic
acid®} continentalic acide =43} Ex3Fo] ol TLCAA E& = o (AR 10% H.SO4 EAof 23t
ZyZbo] Aol el & 7153+l epi-continentalic acidE HPLCSO & AlgdA nlgorm &3}

gelo] ol# L, Tx4k HAEZ] A8 diterpenes Aol A otk ey 5gd A5

TRty MFSH 2. Aoy MIFNSY) 3. A1y NF(SW) 4. Aoy NS 5. Aoy NF
6. 2loley MF 7. HE-ITY) 8. HF-2 9 201 10,302 T AT 12 ¥&-1 13, §r-2
W osr-3 6. BT 16, HT-2 7R3 18, FiX-1 19, BiM-2. 20 B3,

t}, HPLC % TLC¢ DNA 79 pattern ¥4] #lx
=89 7|Y9E& Aralia cordata®t Aralia continentaliss TUFo® dgA o] oldx w4y
A

A A EEgtes S 7 7hA 9 ggo] FAlol Tl Eo] glew, o ugdel AT =

rl

o}, HPLC® TLCY patternol A9} #Zo] dtmolA FEIHE 582 LTz 39l

N
o
i
32
K
>
5
0
o,
3
Y

pubescens f. biserratav= diterpeneZ 3}3&E0°] AEo] ¥ A ol Aralia & 2

%)
HEE oA FE F9 =88 Arnlia cordata®l®, oA FEHE =

AV FRE 58 1459 Aoy AFF 65l g epi-continentalic acid, kaurenoic acid
continentalic acid®] 3$F#Fel| i3+ R-programs ©]-&3te] FAIAE 39t FAAH 8= dendrogramo =
¥AH & agglomerative clustering(AGNES)¥ 33 A2 E PCRZ A 23l¢] partitioning around
medoids (PAM)¥} clustering large applications(CLARA) dataZ it}
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Clara for 0903 of ALL paem for 0903 of ALL

Agnes for 0903 of ALL

T (ESH) 3. Aoehy MF(EISH) 4. ALYy MF(ESH) 5 A2 ¢y AT
-17&) 8. FF-2 9. 51 10. -2 1. "{7IF 12. ¥E-1 13. ¥D-2
-3 15 Hi=-1 16 Bj=*-217. ®HiI=*-3 18 HjI-1 19. HiF-2. 20. =-3.

2719 dendrogram® PAM % CLARA Z oAl #Zo] 34 HEELS diterpenes A& o]
AEHEA o} e aFo R, EAI diterpened AEQ sFEo] ©& No-10 (F4F-2)3 No-18
(PA-1)o] £ aFoz EFHAT. epi-continentalic acid $H#Fe] =2 No-1 (¥ A& A
8), No-7 (#F-1), No-9 (F4-1) A 87} 39 groupl &, epi-continentalic acid®] 3¥F#Fo] b
No-6 (k4 Alg AlR)ek No-14 (F3-3)7F stihe] groupe= whrofA A el uhe

o BAe Fhsahart

rlo

>,
il

2, LC-MS/MS FAI Q&4
(1), HPLC &A1 x=1

HPLC system= binary pump, autosampler, degasser, column oven 2% A% Agilent 1100
series (Palo Alto, CA, USA) < °]&3}At}t 0.1% TFA - acetonitrile (35 : 65, v/v)©S. & isocratic
elutiond 1 32 Agilent Eclipse XDB-C18 35 um (2.1 x 100 mm)e] g4 Aoz Bt A9
CEE 35 T2 fFAs9eH §452 025 mL/mine & stk 37k4 A& Eade] m/Zz 302%
B5 o} HPLCOIA ®2E 3l MS/MS®E detection 3FS3 T,
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Table HPLC condition of Coptis chinensis

Column Agilent Eclipse XDB-C18 3.5 ym (2.1 x 100 mm)
Column Temp. A constant temperature of about 35 C
Mobile Phase A mixture of 0.1% TFA - acetonitrile (35 : 65, v/v)
Flow rate 0.25 mL/min ( Total Analytical time within 20 min)

(2), LC-MS #X4zx#

MS system< Sciex API 3000 triple-quadrupole tandem mass spectrometry (Applied
Biosystems, MDS Sciex, concord, Canada)& A}-&3}%th. Ion spray interface: turbo ion spray &
turbo gas temperatureZ 400 CeollA 45 KVE 3} negative ion detection mode® =43}ttt F

FES flow injection 3o T HAZTDES FIHT

A] =3

4 =74 parameters EE A

A
rot

nebulizing gas flow, 146 L/min; auxiliary gas flow, 6.1 l/min; curtain gas flow, 0.95 L/min;
orifice voltage, 53 V, ring voltage, 400 V; collision gas (nitrogen) pressure, 3.58 x 10° Torr.
epi-continentalic acid, kaurenoic acid % continentalic acid®] ion transitione m/z 301.20 — m/z
301.00%2 ZAstslivy. vk soe] A2 FAbge] ol HPLCE #2]dtal MSE detectionsto] 7

E7F gEekrt

St e

i L e s w01 WM

Fig. Tandem MS spectra of the ma?i%er compounds
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[ o e et Tt L 0 it s s B R

) LAY = NP - L

continentalic acid

Fig. HPLC-MS chromatogram of standards

(3), LC-MS 7 A=A
LC-MS/MSell 93t AHFAHS  F2l3t7] 98  epi-continentalic acid, kaurenoic acid %
continentalic acid®] AFAL AEF}FE=H 5= 20 ug/mL ~ 50 ug/mLoA] AXAAS B}

Table. Calibration graphs.

Compound a b R
epi—continentalic acid 97.9 59.3 0.9992
kaurenoic acid 388 0.00215  0.9994
continentalic acid 212 0.00122 1.000
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M4d MEFATFNLIA S| A7 na 2 2E
41 &€

7}, 898 F9  berberine, coptisine, palmatineS A ¥EAAFESZ HPLC-UV &AW S HESS T
Zbzbe] A E2 C18 column¥ 10 mM hexanesulfonic acid - acetonitrile (15% — 80% in
ACN, 40 min) &vi, UV 254 nmolA 4] 7Featda, Ao AgFs A% WiEsedS
butylparabens A}-g&3le] 308 W& EXo] 753

. Aol HPLC A Z7A9 validation AER Z A4S berberine, coptisine, palmatine2 2 p
g/mL ~ 100 pg/mL skl AAA wela zzhe] &} AFA= 0.1 pg/mlzt 0.25
pg/ml2 A& Ak =k Zh7te] A7 AT 09994, 09992 2 099872 =2 HAAAHS
g g AATh 3 EC tF A4S A HANY solA APA A3 2 A A
UE7F 0.1% oW, 3482 985% o]dos =2 35&S YER AT

o AAE HPLC 249 944 HAEZE Eclipse XDS-C18 (Agilent Co.), Hydrosphere C18 (YMC
Co.) ¥ Xterra RP18 (Water Co.)9| 33]A}2] columnel] thst 3tzde] 37}#] A& st HPLC

£n] 27122 theoretical plate number (N), capacity factor (k’), resolution (R)S #HE3IIH S

>

U fAE A3E dda, A7) HPLC 2492 columnes 1A &% 2 hexanesulfonic
acidE WstA]A #2493 A3} chromatography g5l W37l ¢glo AAS HPLC =712 3:
o] =F Ao Ager FAMHAS gl

gk 3de] HPLC #4& 93 Al59 FEFWHLE sonication &2 reflux WHOZ 1AIZF 5
Zo] Zhsatdnth 37kA Aol gk b A3 WA R oA 4593 b s o

v A SRS 165 G Aok Alw 7 ] Fde g 24 FE273 HPLC BEANRe®

J

berberine, epi-berberine, coptisine, palmatine?] $t=ko] &Ho| 7}5slA Tt AlTolA F+Y3 16
To FH F 659 AE & berberine®| graFo] 45% otz digtekdl qtAe HgFetA koka,
2l ojokd oA A& ANBE F Z3H(Picrorrhiza kurrooa) % 3}H(Jeffersonia dubia)&
berberine 5 &% 9| alkaloidZl A ¥o] A& A &k}

Ab. ZgE o] ARSS 93 TLC WY O & berberine, coptisine, palmatine, epiberberine®] #2]7} 7}

SRl el Elwmio s HEeESTE LC-MS/MS Wi o s o] 47hx] AiEgle] 7}

of, HPLCo. &2 #A3t 3¢ 9] alkaloidZ &S TASZ R-programs ©]&3F el S AAA

t}. dendrogram} partitioning E5 A& 9] 3teko] WE patterno = A ¥ ¢l o)

42 5%

7F 58 F9 epi-continentalic acid, kaurenoic acid % continentalic acidE& A ZEAAFOZ
HPLC-UV #A4WHS HESAT 27+ A2 CI8 column®t 0.1% TFA (tirfloroacetic

acid) - acetonitrile (30 : 70, 40 min) &7, UV 205 nmol A £ 7}53lg i, A8 AFS
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93 WREFEAL 3-0x0-23-hydroxyolean-12-en-27-oic acidE A}&3Fo] 308 W H2]o]
7bs skl

. A7le] HPLC A4 %79 validation AEZ ZA AL epi-continentalic acid, kaurenoic acid %
continentalic acid Z}Zt 8 pg/mL ~ 132 pg/mL XA ZHXA H 3l epi-continentalic
acid®} kaurenoic acid®] AEIFTAL} AHFEFIAE 1 pug/ml¥ 25 pg/mlE HAEFHJoH
continentalic acid® 05 upg/ml¥ 125 pg/mlz QA EHY. E3F  epi-continentalic acid,
kaurenoic acid % continentalic acid Ad&2] @A 4= 09987, 09983 % 0998602 =& A
Ae A = dolvh 3R dig AAALES A8 AW wReA ddAN 43 2 d

A 6.7, 133, 233 985% ug/ml F oA 95%

=
o2l
)
o
[u—
X
F
2
M
tot
4

i

rlo
N
&
10

o AA-"E HPLC 79 14 HEZ Eclipse XDS-C18 (Agilent Co.), Hydrosphere C18 (YMC
Co.) ¥ Xterra RP18 (Water Co.)9¥] 33 AF9] columnel] ™3l =29 37Fx A& gt HPLC

4ul 27 S =2 theoretical plate number (N), capacity factor (k'), resolution (R), selectivity

() 55 HEFAoY FAS A5 AG A7 HPLC 27422 columns 1AL S5
HeAl A #2418 A3} chromatography “&<ol W&7t glo] AA3 HPLC =712 59

diterpene] 4+t FHEF LA A £4 WS A

2}, 5o HPLC #4< 913 A5 FEWHS sonication WHOR 1A7H F
Atk 37FA Aol gk b A2y R AGA 3041 sk

k. A TfHE 145 523 Ao H AT 659 =23 FAMA ke dis] dAd FEx103 HPLC
A 0 2 epi-continentalic acid, kaurenoic acid % continentalic acid®] % =Ho] 7l
3k Ao AMg3 =3 F Araliag =39 diterpene ¥ HS epi-continentalic acid’} 0.06
- 0.75 pg/ml, kaurenoic acid 1.09 - 6.10 pg/ml 2 continentalic acid 2.69 - 9.08 png/ml= &<l
HQar, Aol AFd AB F Angelicatd A= diterpened AEo] AEHA &

582 ALSS Agdde dEVF dasith

!
A B3] AESOIS 93 TLC WH o= epi-continentalic acid, kaurenoic acid @ continentalic

i)

acide] 217} 7Fsetda 59| diterpened Aol Iy oz HASS Y LC-MS/MS W
Ho g =go] 3714 AEgglo] 7heatlar, 37k4] Aol te AZFd = A6
ol. HPLC.. & #A3 =& 9] epi-continentalic acid, kaurenoic acid 2 continentalic acidAl Al &<

R-program< ©| &3t sl £4S A AT dendrogram partitioning 57
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3} ZFo| W& patterno 2 E A H
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A
Lo
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d 2 =& 500g9] 70% EtOH FE&E5 ZAste] &5 9 &4 .
93 Bas Swe A g a4 5 1359 Fds S %aza Azstel BAY R x
2l =

FRAATH AFE& A H5E ATt T s3] 28 E f13 ™ 10 kg MeOH F& 4 7}
g 12 kg MeOH FE9& 3|1 FF7]2 535t A28 H,0E 7h8te] d=EAIHTE thad 2ol
Sl SAZ7 23S AA3te] 3w CH.Cly fraction (230 g), n-BuOH fraction (1100 g)

2 H,O fraction (840 g)ol 7z 3 &3 E& hexane fraction (360 g), CHoCly fraction (22 g),
EtOAc fraction (20 g), n-BuOH fraction (237 g) % H-O fraction (2600 g) = AJt}. ol EIE
< SiO,, Sephadex LH-20, RP-18, MCI gel 5% ©]&3%F column chromatography % HPLCE ©]-&
sto] 3t o 2 HE  coptisine, pinoresinol, isolariciresinol, epiberberine, jateorrhizine, berberine,

palmatine, magnoflorine, groenlandicine, B-sitosterol, ferulic acid methyl ester,
3-(3',4’-dihydroxyphenyl)lactic acid methylester hwA=1 A e
ent-pimara—-8(14),15-diene-19-oic acid (continentalic acid), 7B

~hydroxy-ent-pimara-8(14),15-diene-19-oic acid, 7-oxo-ent-pimara-8(14),15-diene-19-oic acid, 16a
-methoxy-17-hydroxy-ent-kauran—19-oic acid, 15a,16a-epoxy-17-hydroxy-ent-kauran—-19-oic acid,
17-Hydroxy-ent-kaur-15-en-19-oic acid, 16a,17-dihydroxy-ent-kauran-19-oic acid, mixture (3:2)
el o] stigmasta-5-en-3B-ol (B-sitosterol) ¥ stigmasta—5,22-dien-3B8-ol (stigmasterol), mixture
(9:1) #El9] daucosterol (B-sitosterol glucoside) ¥} stigmasterol glucoside, 7-dehydroabietanone, 16
a-hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid, ent-kaur-16-en-19-oic acid (kaurenoic acid),
ent-pimara-8(14),15-diene-19-ol (ent-pimarol), 8a-Hydroxy-ent-pimara-15-en-19-o0l
(ent-thermarol), 4B-hydroxy-19-nor(-)-pimara-8(14),15-diene, 4-epiruilopezol, lignoceric acid,
(+)-spathulenol, dehydrofalcarindiol, D-fructose, chlorogenic acid (5-caffeoylquinic acid),
3,0-di-O-caffeoylquinic acid, neochlorogenic acid (3-caffeoylquinic acid), sucrose, caffeic acid,
cryptochlorogenic  acid (4-caffeoylquinic acid), 1-kestose [O-B-D-fructofuranosyl-(2—1)-
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H 2 =8 500g9 70% EtOH FE2S ZAste 3% 2 E4€o] Z+7F 10 gram Zﬂ T
2o &g Jﬂr 5o A vuE stux F 13F9 FHH} 5F& F5 Axste] 24" 4
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NS 3A FHIVZ FEHIY AAE H,0E 718te] dgAAY. o33 2
|ujo] 5437t Cﬁi 235 AAste] 3@ CH.Cly fraction (230 g), n-BuOH fraction (1100 g
2 H,0 fraction (840 g)°o 2z} E3E3 53 hexane fraction (360 g), CH:Cly fraction (22 g),
EtOAc fraction (20 g), n-BuOH fraction (237 g) % H-O fraction (2600 g) = AJt}. ol EIE
S Si0,, Sephadex LH-20, RP-18, MCI gel 5<& 01%5& column chromatography % HPLCE o] &
o] B o R HE  coptisine, pinoresinol, isolariciresinol, epiberberine, jateorrhizine, berberine,

palmatine, magnoflorine, groenlandicine, B-sitosterol, ferulic acid methyl ester,
3-(3',4’' -dihydroxyphenyl)lactic acid methylester g al =52 HE
ent-pimara-8(14),15-diene—-19-oic acid (continentalic acid), 7B

~hydroxy-ent-pimara-8(14),15-diene-19-oic acid, 7-oxo-ent-pimara-8(14),15-diene-19-oic acid, 16a
-methoxy-17-hydroxy-ent-kauran—-19-oic acid, 15a,16a-epoxy—-17-hydroxy-ent-kauran-19-oic acid,
17-Hydroxy-ent-kaur-15-en-19-oic acid, 16a,17-dihydroxy-ent-kauran-19-oic acid, mixture (3:2)
Fel o] stigmasta-5-en-3B-ol (B-sitosterol) ¥} stigmasta—-5,22-dien-3B8-ol (stigmasterol), mixture
(9:1) & El2] daucosterol (B-sitosterol glucoside) ¥} stigmasterol glucoside, 7-dehydroabietanone, 16
a-hydroxy-17-isovaleryloxy-ent-kauran-19-oic acid, ent-kaur-16-en-19-oic acid (kaurenoic acid),
ent-pimara-8(14),15-diene-19-ol (ent-pimarol), 8a-Hydroxy-ent-pimara-15-en-19-o0l
(ent-thermarol), 4B-hydroxy-19-nor(-)-pimara-8(14),15-diene, 4-epiruilopezol, lignoceric acid,
(+)-spathulenol, dehydrofalcarindiol, D-fructose, chlorogenic acid (5-caffeoylquinic acid),
3,5-di-O-caffeoylquinic acid, neochlorogenic acid (3-caffeoylquinic acid), sucrose, caffeic acid,
cryptochlorogenic  acid  (4-caffeoylquinic  acid), 1-kestose [O-B-D-fructofuranosyl-(2—1)-8
-D-fructofuranosyl-(2—1)-a-D-glucopyranoside], methyl-a-D-fructofuranoside, protocatechuic acid,
thymidine, uridine 28] i methyl-B-D—fructofuranoside2 £t &2 AAdE AP E 2
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Protective Effect of Magnoflorine
Isolated from Coptidis Rhizoma on
Cu?*-Induced Oxidation of Human
Low Density Lipoprotein
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IkSoo Lee', Tran Minh Ngoc', Phuong Thien Thuong’, Dai-Eun Sok?,
KiHwan Bae'

Abstract

The aim of this study was to investigate the antioxidant activity
of magnoflorine, an alkaloid isolated from Coptidis Rhizoma,
against the oxidation of native low density lipoprotein (LDL)
and modified LDL. Magnoflorine was found to inhibit the cop-
per-mediated (Cu?*) oxidation of LDL, as well as of glycated and
glycoxidated LDL by increasing the lag time of conjugated diene
formation and preventing the generation of thiobarbituric acid
reactive substances (TBARS). In addition, the results from the
fluorescence emission spectra of tryptophan (Trp) supported
that the antioxidant activity of magnoflorine could be associated
with the protective effect on the structural modification of apoli-
poprotein B (apoB) required for LDL oxidation. These results sug-
gest that magnoflorine may be useful for preventing the oxida-
tion of various LDL forms.

Oxidative modification of low density lipoprotein (LDL) in the ar-
terial wall is now widely regarded as a key step for the develop-
ment of atherosclerosis. LDL, especially in modified forms (oxi-
dized or glycated = non-enzymatically glycosylated), are favour-
ing atherosclerosis, due to enhanced accumulation in the artery
wall and formation of “foam cells”. One hypothesis is that an in-
crease in the LDL modification by oxidation and/or glycation may
induce endothelial cell injury and accelerate foam cell formation
in the arterial intima [1], [2]. The increase of glycation and lipid
peroxidation is the notable feature in diabetes mellitus. These
changes suggest an oxidative stress state for which hyperglyce-
mia, rather than processes that lead to diabetes, is primarily
responsible [3]. Oxygen free radicals have been implicated in
the pathogenesis of diabetes, and the production of oxygen free
radicals in diabetes is through glucose auto-oxidation and non-
enzymatic protein glycation [4]. The glycated LDL is more prone
to oxidation than native LDL. LDL oxidation and/or glycation
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seem to play such a prominent role in the pathophysiology of
atherosclerosis [5].

Coptidis Rhizoma, the rhizome of Coptis chinensis Franch (Ra-
nunculaceae), has been traditionally used to treat diabetes. It is
also prescribed as one of the crude drugs for various vascular dis-
orders and as an alternative therapy for hypercholesterolemia
[6]. The alkaloids in Coptidis Rhizoma were considered to be its
active constituents [7]. In the course of our study on the antioxi-
dants useful for treating or preventing atherosclerosis, we have
found that the water extract of Coptidis Rhizoma possesses sig-
nificant anti-LDL oxidation activity. Phytochemical study has
led to the isolation of magnoflorine (Fig.1), a minor quarternary
alkaloid with the isoquinoline skeleton. The antioxidant activity
of magnoflorine was investigated with respect to inhibition of
free radical peroxidation of dioleoyl phosphatidylcholine lipo-
somes [8]. Recently, magnoflorine was demonstrated to play a
role in the protection of the human high density lipoprotein
(HDL) against lipid peroxidation [9]. However, the effect exerted
by magnoflorine against lipid peroxidation of human LDL has not
been studied. For these reasons, the aim of this study was to in-
vestigate the inhibitory effect of magnoflorine on the Cu?*-in-
duced lipid oxidation in the native and modified LDL.

Repeated column chromatography led to the isolation of a color-
less crystal compound. The isolated compound was identified as
magnoflorine by analyses of MS, NMR data, and comparison with
data in the literature [10]. In this study, we tested the inhibitory
activity of magnoflorine against various forms of LDL oxidation
mediated by Cu?*. The oxidation of LDL, glycated LDL, and gly-
coxidated LDL initiated by Cu?* was measured by the formation
of malondialdehyde (MDA) using the TBARS assay. As shown in
Table 1, magnoflorine exhibited antioxidant activities against
LDL oxidation with an ICsq value of 3.7 uM, while the ICs, values
were 4.3 uM and 6.5 uM, respectively, in the case of glycated LDL
and glycoxidated LDL oxidation. In this experiment, BHT, caffeic
acid, and a-tocopherol were used as the positive controls. Under
these conditions, BHT inhibited LDL oxidation and glycated LDL
oxidation with ICsq values of 3.0 uM and 11.5 uM, respectively,
while caffeic acid showed the activity with ICs, values of 5.3 uM
and 5.7 uM, respectively. However, o-tocopherol only manifests
lower activity with ICs, values of 23.4 uM (against LDL oxidation)
and 28.1 uM (against glycoxidated LDL oxidation).

In further study, the effect of magnoflorine on the change of lag
time was investigated. The lag time (protection from oxidation)
in the formation of conjugated dienes represents the initiating
phase of oxidation, and the extent of the lag time indicates the

Fig.1 Chemical  struc

H5CO ture of magnoflorine.
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Table1 Effect of magnoflorine on the oxidation of native and modified LDL
Extract/Compounds TBARS, ICs, (uM)°®
Native LDL Glycated LDL Glycoxidated LDL
Water extract 68.3 £ 6.1¢ ND ND
Magnoflorine 3.7+0.2 43+0.3 6.5+0.4
BHTP 3.0£04 11514 ND
Caffeic acid® 53+0.1 57+0.5 ND
o-tocopherol® 23.4+2.7 ND 28.1+2.5

2 1Csq values were determined by regression analysis and expressed as mean = S.D. of three replicates.

b positive controls.
¢In ug/mL. ND = not determined.

oxidation resistant capacity of LDL forms. The spectrophotomet-
ric analyses of the Cu?*-induced LDL oxidation (A), Cu?*-induced
glycated LDL oxidation (B), and Cu?*-induced glycoxidated LDL
oxidation (C) based on the conjugated diene formation due to
the unsaturated lipids are presented in Fig. 2. When the LDL was
incubated with Cu?* alone, the lag time was 38 + 2 min whereas,
in the presence of magnoflorine (2.0, 4.0, 10.0 uM), the lag phase
was retarded to 44 + 3, 82 + 3, and 185 + 6 min, respectively. In
the case of glycated LDL, the lag time of the control group was 37
+ 3 min, while that of the 4.0 yM magnoflorine treated group was
markedly prolonged to 67 £+ 5 min. The results regarding the anti-
glycoxidated LDL oxidation indicated that magnoflorine (4.0 uM)
could prolong the lag phase (64 + 4 min) as compared to that of
control (33 + 3 min).

Further results observed in the fluorescence assay supported the
protective action of magnoflorine against apoB oxidative modifi-
cation promoted by Cu?*. As presented in Fig. 3, the fluorescence
of Trp for the oxidized LDL was decreased (Plot 1), indicating that
apoB was modified by Cu?*. Treatment with magnoflorine dose-
dependently increased the intensity of fluorescence, suggesting
that the Trp residue of LDL could be protected from the oxidative
modification (Plots 2, 3, and 4).

Glycated LDL is produced when glucose forms a covalent bond
with the lysine residues of the apoB, the main apolipoprotein of
LDL [11], [12], [13]. Glycoxidation occurs when oxidative reac-
tions affect the initial products of glycation, and results in irre-
versible structural alterations of proteins. Glycoxidation pro-
ducts are believed to be atherogenic, and to accumulate with ad-
vancing age [14]. Thus, it is necessary for LDL oxidation inhibitors
derived from medicinal plants and/or synthetic compound to
evaluate the inhibitory effect on these species on modified LDL.
Interestingly, boldine, which has a similar chemical structure
with magnoflorine, has been well established to be a free radical
scavenger which can prevent LDL from oxidative modifications
both in vitro and in vivo [15]. As demonstrated in this study, mag-
noflorine also showed potent antioxidant activity against the
Cu?*-mediated oxidation in a few LDL forms, which was proved
using the decrease in the formation of conjugated dienes and
TBARS. The activity of magnoflorine was similar to or more po-
tent than those of some known LDL antioxidants such as BHT,
caffeic acid, and o-tocopherol. Moreover, the antioxidant effects
of magnoflorine on both the glycated and glycoxidated LDL are
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Fig.2 Effect of magnoflorine (Magn) on LDL, glycated LDL (gLDL),
and glycoxidated LDL (goLDL) oxidation. LDL (A), gLDL (B), and goLDL
(C) (100 mg protein/mL) in PBS (pH 7.4) was incubated with 5 uM Cu?*
at 37°Cin the absence (control) or presence of magnoflorine. Conjuga-
ted dienes formation was measured by determining the absorbance at
234 nm every 10 min for 5 hours at 37°C. Results were expressed as
mean = S.D. of three replicates.



250 T

200

[
h
<

100

Flourescence intensity

[ e B S e B B T B B R T B

300 325 350 375 400 425 450
‘Wavelength (nm)

Fig.3 Fluorescence changes by the inhibitory effect of magnoflorine
on apoB modifications treated by Cu?*. LDL (50 ug protein/mL) was in-
cubated with 5 uM Cu?* at 37°C for 1 h in the absence or presence of
magnoflorine at various concentrations. Fluorescence emission spec
tra of apoB were measured with the excitation wavelength at 295 nm.
Spectra of native apoB (5) and oxidized apoB in the absence (1) and in
the presence of 1.0 uM (2), 4.0 uM (3) and 10.0 uM (4) magnoflorine.

worthy of notice, because the LDL modified by glycation may be
more susceptible to oxidation, and thus enhance its atherogeni-
city, as diabetes patients have a high risk for atherosclerosis. In
addition, magnoflorine exhibited the protective action against
apoB oxidation through interaction with the LDL molecule and
such interactions cause changes in the microenviroment around
the Trp residue [16]. Since magnoflorine was an effective antiox-
idant in the metal-dependent pro-oxidant system, metal ion che-
lating properties might underlie magnoflorin’s apparent antioxi-
dant effects towards LDL oxidation in vitro. The presence of phe-
nolic hydroxy groups may be responsible for the antioxidant effi-
ciency, via a chain-breaking mechanism by donation of the phe-
nolic hydrogen. Magnoflorine also showed a lower value for O-H
bond dissociation energy [8], which could explain the high anti-
oxidant efficiency.

In the present study, we demonstrate the anti-LDL oxidation ef-
fect of Coptidis Rhizoma in various LDL forms. Magnoflorine may
be useful for preventing the development and progression of LDL
lipid peroxidation.

Materials and Methods

The root of Coptis chinensis were purchased from a local market in
Daejeon, Korea in June 2006, and were identified by Prof. KiHwan
Bae. A voucher specimen (CNU 1286) was deposited in the herbar-
ium of the College of Pharmacy, Chungnam National University.
Magnoflorine was isolated following our previous study [9].

Magnoflorine: m.p. 210-212°C; IR (KBr): vy = 3400 (OH),
1640, 1645 (aromatic ring) cm~'; UV (MeOH): A, = 230, 280,
323 nm; FAB-MS: m/z = 343 [M + HJ*, C;0H,4NO,. TH-NMR and
BC-NMR spectral data were in accordance with those in a pub-
lished paper [10].

Antioxidant assay: Blood was drawn from healthy normolipi-
demic volunteers and human LDL was prepared from plasma by
sequential flotation ultracentrifugation and the LDL protein was
determined by the bicinchoninic acid method using bovine se-
rum albumin as a standard [17]. The TBARS assay of Buege and
Aust was used with a slight modification [18]. The conjugated
diene formation was measured by the change in UV absorbance
at 234 nm which was continuously monitored at 10 min intervals
for 5h at 37°C using a spectrophotometer (Shimadzu UV-1240;
Tokyo, Japan). The lag time was measured as the intercept be-
tween the baseline and the tangent of the absorbance curve dur-
ing the propagation phase [19]. The controls BHT, caffeic acid and
o-tocopherol were purchased from Sigma (Yongin-City, Korea).
For the preparation and characterization of LDL modifications,
dialysed LDL at a concentration of 0.6-0.7 mg LDL protein/mL
was incubated with 0.5 M glucose in the presence or absence of
antioxidants (1.0 mM EDTA, 20 uM butylated hydroxytoluene;
Sigma) at 37 °C for 4 weeks in the dark [20], and the protective
effect of the compound against apoB-100 oxidative modifica-
tions was further examined using a Perkin-Elmer 550-55 Fluori-
meter, with the excitation wavelength of 295 nm at 37°C [16].
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The objective of the present study was to investigate the beneficial properties of magnoflorine, an alkaloid
isolated from Coptidis Rhizoma, on protecting human high density lipoprotein (HDL) against lipid peroxidation.
Magnoflorine exerts an inhibitory effect against Cu’>*-induced lipid peroxidation of HDL, as showed by prolon-
gation of lag time from 62 to 123 min at the concentration of 3.0 um. It also inhibits the generation of thiobarbi-
turic acid reactive substances (TBARS) in the dose-dependent maners with ICy, values of 2.3+0.2 um and
6.2+0.5 um since HDL oxidation mediated by either catalytic Cu’* or thermo-labile radical initiator (AAPH), re-
spectively. Separately, Cu®>* oxidized HDL lost the antioxidant action but the inclusion of magnoflorine/Cu®* oxi-
dized HDL can protect LDL oxidation according to increasing magnoflorine concentration. The results suggest
that magnoflorine may have a role to play in preventing the HDL oxidation.

Key words

Blood levels of high-density lipoprotein (HDL) are in-
versely associated with risk for coronary heart disease,” the
most common cause of death. Among the potential mecha-
nisms by which HDL may exert its cardio-protective effect,
much attention has recently focused upon its antioxidant
function which protects low-density lipoprotein (LDL) from
oxidative (i.e.,, atherogenic) modification.>® Numerous
prospective cohort studies have demonstrated the protective
nature of an elevated level of HDL, and the high risk associ-
ated with low levels of this class of lipoprotein.*> The de-
crease in atherosclerosis associated with increased HDL lev-
els in human apolipoprotein A-I (apoAl) transgenic animals
further illustrates the protective nature of HDL.® HDL is
susceptible to oxidation by a variety of pro-oxidants.” Dur-
ing incubation with redox-active copper ions (Cu®*), HDL is
found to undergo extensive lipid oxidation as indicated
by a loss in polyunsaturated fatty acyl content and concur-
rent accumulation of lipid epoxides, lyso-phosphatidyl-
choline, and cholesterol oxidation products; thiobarbituric
acid-reactive substances, a marker of lipid oxidation, simi-
larly increase in HDL incubated with Cu?*.'!") In general,
oxidation of HDL is found to result in a loss of cardio-pro-
tective properties. For example, the antioxidant ability of
HDL to protect LDL from atherogenic modification is lost
upon Cu’*-mediated oxidation of HDL.!*!®

As a part of our screening program to find antioxidant
compounds from natural sources, we have attempted to deter-
mine the human density lipoproteins oxidation inhibitory
constituents of medicinal plants in Korea. Coptidis Rhizoma
(root of Coptis chinensis FrRancH, Ranunculaceae) has been
used to treat diabetes mellitus for more than 1000 years in
the history of Chinese medicinal remedy. It has long been
used for treating gastroenteritis, diarrhea, anti-tumor, and an-
timicrobial.'*—!” Coptidis Rhizoma is currently used for sev-
eral skin diseases including acne, neurodermatitis, skin ul-
cers,' and dermatological indications.'” Moreover, Coptidis
Rhizoma is prescribed as a crude drug in folk medicines,

* To whom correspondence should be addressed. e-mail: backh@cnu.ac.kr

Coptidis Rhizoma; magnoflorine; cardiovascular disease; high density lipoprotein; antioxidant

such as Oren-gedoku-to and San’o-shashinto, for several vas-
cular disorders. It was useful as an alternative therapy for hy-
percholesterolemia, effective in preventing hypercholes-
terolemic atherosclerosis and lowering the relative risk of
coronary artery disease through decreases in lipid peroxida-
tion and cholesterol levels.*” The alkaloids present in Cop-
tidis Rhizoma (berberine, coptisine, jateorrhizine and palma-
tine...) were considered to be its active constituents.?!*?
Among them, magnoflorine is a quarternary alkaloid with the
isoquinoline skeleton. Magnoflorine was showed to suppress
the induction phase of the cellular immune response,”® and
assigned as noncytotoxic to various human cancer cell
lines.? The antioxidant activity of magnoflorine was investi-
gated with respect to its structural feature and physico-chem-
ical properties to inhibit free radical, peroxidation of dioleoyl
phosphatidylcholine, and liposomes initiated by thermal
degradation of the azoinitiator (AAPH).*> However, no stud-
ies have been specifically investigated the ability of this an-
tioxidant to protect human density lipoprotein from oxida-
tion. In this study, we examined the susceptibility of HDL to
in vitro Cu** and AAPH induced lipid peroxidation in the
presence of magnoflorine. Also, the study of magnoflorine/
Cu*" oxidized HDL in preventing LDL oxidation was used
to investigate whether the inclusion protects LDL from ox-
idative modification.

MATERIALS AND METHODS

Plant Material The root of Coptis chinensis FRANCH
(Coptidis Rhizoma) was purchased from a local market in
Daejeon, Korea in June 2006, and was identified by Prof. Ki-
Hwan Bae. A voucher specimen (CNU 1286) was deposited
in the herbarium of the College of Pharmacy, Chungnam
University.

Extraction and Isolation Dried plant material (6.0kg)
was extracted with hot MeOH, refluxed for 3 h (31X3 times)
to yield a methanolic extract (320 g). The extract was sus-

© 2007 Pharmaceutical Society of Japan
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pended in H,O and then partitioned with CH,Cl, and EtOAc.
The aqueous layer was subjected to Diaion column chro-
matography and eluted with a stepwise gradient of H,O
and MeOH (H,0—40% MeOH, 40—60% MeOH, and
60—100% MeOH) to give three subfractions (F1—F3). The
subfraction F2 (35¢g) was continually separated by MCI gel
CHP20P column chromatography using H,O and MeOH gra-
dient (H,0—30% MeOH, 35—80% MeOH) to give F2.1
(20g) and F2.2 (6g). F2.2 was re-subjected to MCI gel
CHP20 column chromatography using 2% AcOH-MeOH
(1:1), magnoflorine (15.5mg) was obtained by crystalliza-
tion in MeOH from the collected subfraction F2.2.3.

Magnoflorine: Colorless crystal, mp 210—212°C; IR v, .
(KBr) 3400 (OH), 1645, 1640 (aromatic ring) cm '; UV,
AMOH 930, 280, 323nm; FAB-MS m/z 343 [M+H]",
C,,H,,NO,. 'H- and *C-NMR spectral data were in accor-
dance with published paper.”**%

HDL and LDL Preparation Blood from healthy nor-
molipemic donors was obtained by venipuncture and col-
lected in EDTA-containing vacutainer tubes. LDL was pre-
pared from plasma by sequential flotation ultracentrifugation
as described previously.”® To isolate HDL, plasma was pre-
pared by centrifugation at 3000 rpm for 10 min and thereafter
used for the preparation of plasma lipoproteins. HDL was
isolated from plasma by ultracentrifugation for 1:30h with a
vertical rotor.”” After dialysis at 4 °C for 24 h against 10 mm
phosphate-buffered saline (PBS) pH 7.4, HDL protein con-
centration (ug protein/ml) was determined as described by
Lowry et al.*®

Cu’* Mediated HDL Oxidation The oxidation of HDL
was assessed by the formation of conjugated dienes deter-
mined as the change in UV absorbance at 232 nm. Briefly,
HDL (200 ug/ml) in PBS (pH 7.4) was pre-incubated with
either the absence (control) or presence of magnoflorine (var-
ious concentrations), and then Cu®>* (5 um) was added to ini-
tiate the oxidation at 37 °C. Absorbance at 232 nm was con-
tinuously monitored at 10 min intervals for 5h at 37 °C using
a spectrophotometer (Shimadzu UV-1240, Tokyo, Japan).
The lag time was measured as the intercept between the base-
line and the tangent of the absorbance curve during the prop-
agation phase.’**® The oxidation of HDL to malondialde-
hyde (MDA) was measured using the thiobarbituric acid re-
active substances (TBARS) assay. Briefly, HDL (200 tig/ml)
in PBS (pH 7.4) was pre-incubated with magnoflorine, and
then Cu** was added to initiate the oxidation. The reaction
mixture was incubated at 37 °C for 2h and the reaction was
terminated by adding 20% trichloroacetic acid (TCA) and
1% thiobarbituric acid (TBA). After boiling at 95°C for
15 min, the mixture was centrifuged at 10000 rpm for 10 min.
The absorbance of supernatant was measured at 532 nm.

Peroxyl Radicals Mediated HDL Oxidation Oxidation
of HDL by peroxyl radicals was performed by incubation of
the HDL (200 ug/ml) at 37 °C in PBS (pH 7.4) with one of
the thermo-labile radical initiator (AAPH) for 2h. AAPH
(10 mm) served as a source of hydrophilic peroxyl radicals.*"
At the end of the incubation, samples were also assessed by
measuring accumulation of lipid aldehydes (TBARS) as de-
scribed above.

Effect of Magnoflorine/Cu’* Oxidized HDL in LDL
Oxidation HDL (1000 yug/ml) was pre-incubated with
Cu®* (5um) for 1h in the presence or absence of mag-
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noflorine (0—10 um) in PBS buffer (10 mm, pH 7.4) at 4 °C.
Native HDL or oxidized HDL (0.1 mg/ml) was incubated
with LDL (0.1 mg/ml) in the presence of Cu®>" (0.5 um) at
37°C, and 3 h later, the lipid oxidation was assessed by the
measurement of peroxide values as described previously.*?
The inhibition of LDL oxidation by HDL under these condi-
tions was calculated according to the formular:

inhibition of LDL oxidation (%)
= [(AHDL+ALDL) _AHDL+LDL] X 100/(AHDL+ALDL)

Where (4yp; +4;pr) is the sum of the absorbances observed
for HDL and LDL incubated separately with Cu®** for 3h,
and Ay . 1pp 18 the absorbance observed during co-incuba-
tion of LDL with HDL and Cu*" for 3 h.

Statistical Analysis The results are expressed as mean
values*S.D. Statistical analysis was performed using one-
way ANOVA. A p<0.05 was considered statistically signifi-
cant.

RESULTS AND DISCUSSION

Numerous studies have found that HDL is readily modi-
fied using a variety of oxidants in vitro. These include transi-
tion metal ions, aqueous peroxyl and hydroxyl radicals, alde-
hydes, peroxidase-generated tyrosyl radical, cigarette smoke,
lipoxygenase, hypochlorous acid, cultured endothelial cell,
and macrophages.”*® As part of an ongoing study to search
for antioxidants from traditional medicine plants, we have fo-
cused on the water layer of Coptidis Rhizoma with the ex-
pectation that we could find out more anti-lipid peroxidation
agents. Repeated column chromatography led to the isolation
of a colorless crystal compound. This compound was identi-
fied as magnoflorine by analyses of MS, NMR data, and
comparison with those in the literature (Fig. 1).*

Since the formation of conjugated dienes represents the
initiate phase of HDL oxidation, the extent of lag time is in-
dicated as oxidation resistant capacity of HDL. As shown in
Fig. 2, spectrophotometric analysis of Cu**-induce HDL oxi-
dation based on the conjugated dienes formation due to the
unsaturated lipids is presented. When the HDL was incu-
bated with Cu?" alone, the lag time was 62 min, whereas, in
the presence of magnoflorine (3.0 um), the lag phase was re-
tarded to 123 min. In this experiment, the lag phases of vita-
min C (3.0 um) and vitamin E (3.0 um) retarded to 97 and
145 min, respectively (Table 1).

The oxidation of HDL initiated by Cu>* and thermo-labile
radical initiator AAPH was also measured by the formation
of malondialdehyde (MDA) using the TBARS assay. As
shown in Table 1, the compound tested remarkably reduced
the formation of TBARS, comparable to the results of conju-
gated diene formation. Magnoflorine exhibited significant

HyCO

HyCO

Fig. 1. Magnoflorine Structure
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Fig. 2. Conjugated Diene Effect of Magnoflorine on the Cu®*-Mediated

HDL Oxidation

HDL (200 pg/ml) in PBS (pH 7.4) was pre-incubated with vitamin C (3.0 um), vita-
min E (3.0 um) or magnoflorine (3.0 um), and then Cu?* (5 um) was added to initiate
the oxidation at 37 °C. Conjugated diene was measured by determined the absorbance
at 232 nm continuously at 10 min intervals for 5h at 37 °C.

Table 1.
Method

Effect of Magnoflorine on the Oxidation of HDL by TBARS

TBARS, ICy, (tim)”

Compound  Lag time (min)®
Cu’*-mediated AAPH-mediated
Magnoflorine 123 2.3+0.2%1 6.20.5%"
Vitamin C° 97 10.5+0.8 18.7%1.5
Vitamin E 145 1.8£0.2 4.4*0.5

a) The lag time of blank was estimated to be 52min, b) the values represent
mean=*S.D. of triplicate experiments, ¢) compound used as positive control; * p<0.05
vs. vitamin C, t p<0.05 vs. vitamin E.

inhibitory activity against Cu?*- and AAPH mediated HDL
oxidation in the dose dependent manners entirely with ICs,
values of 2.3%+0.2 and 6.2%0.5 um, respectively. Vitamin C
showed inhibitory activity with ICs, values of 10.5%=0.8 um
and 18.7%1.5 um, meanwhile, vitamin E showed inhibitory
activity with IC,, values of 1.8%+0.2 um and 4.4+0.5 um,
under Cu’* and AAPH mediated oxidation.

The effective action of magnoflorine on the ability of HDL
to protect LDL from Cu®* (0.5 um)-mediated oxidation was
evaluated by the measurement of the peroxide value. As
showed in Fig. 3, the oxidized HDL (HDL-0), which was
prepared from exposure of HDL to Cu®* (5 um) in the ab-
sence of magnoflorine, expressed a slight protection (28.5%),
while native HDL was highly effective (68.8%) in protecting
LDL from the oxidation. The inclusion of magnoflorine/Cu**
oxidized HDL preparations (HDL-1.0, -2.0, -5.0, -10.0) de-
creased lipid oxidation of LDL progressively with increasing
concentration of magnoflorine (1.0, 2.0, 5.0, 10.0 um). It is
suggested that the ability of magnoflorine/Cu®* oxidized
HDL in preventing LDL oxidation maybe related to the oxi-
dation state of HDL after pre-incubation.

Oxidative modifications that would affect the capability of
HDL to protect against atherosclerosis are of considerable
importance and interest. The exact beneficial effects of HDL
in vivo remain unknown. HDL may also be protective by in-
hibiting the oxidation of LDL, and by neutralizing the
atherogenic effects of oxidized LDL.” However, certain
forms of oxidized HDL may actually enhance protection by
stimulating the delivery of intracellular cholesterol to cell
surface sites where it becomes available for removal by other
(non-oxidized) HDL particles.'” Lipid oxidation in HDL is
promoted by a variety of factors. In this study, we used Cu?*,
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Fig. 3. Effect of Magnoflorine/Cu>* Oxidized HDL in LDL Oxidation

After 3 h incubation, an aliquot was taken for the assay of lipid peroxidation, based
on the measurement of the peroxide values. nHDL is native HDL. HDL-0, -1.0, -2.0,
-5.0, and -10.0 indicate the HDL oxidized with Cu?" in the presence of magnoflorine at
0, 1.0, 2.0, 5.0, and 10.0 um, respectively. * p<0.05 vs. nHDL, t p<0.05 vs. HDL-0.

a metal ion-independent oxidant, and AAPH, a hydrophilic
peroxyl radicals as the activation sources. That is consistent
with those of numerous other investigators who reported that
lipids in HDL are highly susceptible to oxidation during in-
cubation with Cu®** and AAPH."*?"?" Although there have
been a number of reports on the designing and development
of synthetic lipid peroxidation inhibitors, that were necessary
for those other studies, which have been reported the HDL
oxidation inhibitors derived from medicinal plants.?’*? Spe-
cially, boldine, an antioxidant alkaloid isolated from Peumus
boldus, which has similar chemical structure with mag-
noflorine, has been well established to have free radical scav-
enger, prevents the oxidation of LDL in vitro and in vivo.*?

Our results clearly demonstrate that magnoflorine signifi-
cantly inhibits lipid oxidation in HDL exposed to a metal
ion-independent form and peroxyl radicals mediated of oxi-
dant stress. Magnoflorine, even at low concentration (3.0 tm)
could exert a protective effect against Cu*" induced lipid per-
oxidation of HDL, as showed by decrease the lag time of
conjugated diene process. Interestingly, magnoflorine is more
effective than vitamin C but less than vitamin E by retarding
lag phase (Fig. 2), and further evidence by TBARS method
(Table 1). Since magnoflorine was a more effective antioxi-
dant in the metal-dependent pro-oxidant system (2.3 um)
compared to the peroxyl radical system (6.2 um), metal ion
chelating properties may underlie magnoflorin’s apparent an-
tioxidant effects towards HDL oxidation in vitro. In addition,
HDL has been recognized to have antioxidant action to pro-
tect LDL from oxidative modification, this might be sup-
ported by present finding that the oxidized HDL, prepared
from the exposure of HDL to Cu®* in combination with mag-
noflorine, exerted an antioxidant action against LDL oxida-
tion.

The antioxidant effect of magnoflorine is due to its chemi-
cal structure. Magnoflorine is an alkaloid bearing two free
phenolic groups. The presence of aromatic-OH group may be
responsible for their antioxidant efficiency, similarly to phe-
nolic antioxidants,*” via chain-breaking mechanism by dona-
tion of phenolic hydrogen. Moreover, magnoflorine showed a
lower value of O-H bond dissociation energy, and highest
occupied molecular orbital surroundings of the reaction cen-
ter, which have been identified as important requisites for
both chelating and radical scavenging activity and explaining
the higher antioxidant efficiency of the former compound.?®

The hypothesis that Coptidis Rhizoma would be useful as
an alternative therapy for hypercholesterolemia, thus, mag-
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noflorine and some other constituents are able to play an im-
portant roll on reducing oxidative stress, prevent the develop-
ment and progression of athesclerotic disease. In summary,
our results demonstrate that magnoflorine could inhibit lipid
oxidation in HDL but the cardioprotective ability of this
lipoprotein fraction in combination with magnoflorine to pre-
vent atherogenic modification of LDL should be more pre-
served.
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Quantitative Deter mination of Protoberebrinesfrom the Roots of Coptis chinensis
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Abstract — A smple reversed phase HPLC method was developed for extracting pharmacologicaly active
compounds coptisine, pamatine, berberine, and epiberberine from the roots of Coptis chinensis using a binary
gradient of acetonitrile : 10 MM hexanesulfonic acid-Na monohydrate with UV detection at 254 nm. The coptisine
(1), pdmatine (2), berberine (3), and epiberberine (4) contents of the roots of C. chinensis collected from sixteen
digtrict markets in Korea and China were 6.79 ~ 24.63 ng/g, 5.40 ~20.75 ng/g, 21.40 ~81.21 ng/g, and 3.45~

12.04 ng/g, respectively.

Keywor ds — Coptis chinensis, HPLC, coptisine, palmatine, berberine, epiberberine

Introduction

Therhizome of Coptis chinensis Franch. (Ranuncul acese)
is a traditional Chinese medicine with anti-inflammatory,
anti-bacterial, analgesic and stomachic activities (Park et
al., 2005), and has been used to treat anxiety,
antibacteria, antihypertensive and CNS depressant (Cho
et al., 2000; Min et al., 2006). In the previous studies, the
rhizomes of this plant are composed mainly of akaloids,
phenolic compounds, lignans, coumarinolignans and
sesquilignan (Yahara et al., 1985; Cho et al., 2000; Min et
al., 2006). The MeOH extract of this plant exhibited
inhibitory activity of the morphine-induced conditioned
place preference through the regulation of c-fos
expression in the mouse brain (Lee e al., 2003).
Protoberebrine akaloids isolated from the rhizome of C.
japonica inhibit the catecholamine biosynthesis in PC12
cells (Lee and Kim, 1996). The berberine have been
reported to have antifungal activity tested against Candida
tropicalis (resstant to nyastin, miconazole, and econazole)
(Slobodnikova et al., 2004), anti-inflammatory activity
(lvanovska and Philipov, 1996), anti-diabetic effect
related to the property of stimulating insulin secretion and
modulating lipids (Yang and Wang, 2003), and hepatopro-
tective activity (Tsai and Tsai, 2004; Wang et al., 2004). It
was previoudly reported that the 8-oxocoptisine showed
significant P-gp multidrug resistance inhibitory activity
(Min et al., 2006) and coptisine inhibited MAO-A activity
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in the mouse whole brain (Ro et al., 2001). The biologica
effect of neolignan woorenosides have been demonstrated
in vitro anti-inflammatory activity (Cho et al., 2000). C.
chinensis contains numberous protoberberine akaloids
such as berbering, magnoflorine, coptisine, palmatine,
worenine and epiberberine (Min et al., 2006). This study
quantified the levels of coptisine, pamatine, berberine
and epiberberine from the roots of C. chinensis collected
from the district markets in Korea and China.

Experimental

General — The chromatographic system for quantitative
anadysis conssted of a 306 pump (Gilson, USA), 811C
dynamic mixer (Gilson, USA), UV/VIS156 detector
(Gilson, USA), 231 XL sample injector (Gilson, USA),
and GILSON UniPoint data processor (Gilson, USA).
Separation was performed using an Agilent Eclipse XD8-
C18 (Agilent Technologies, USA; 5um, 4.6 x 150 mm).
Methanol (Burdick & Jackson, USA) and acetonitrile
(Burdick & Jackson, USA) used in this work were of
HPLC grade and other reagents were of analytical grade.
Milli-Q (Millipore, MA, USA) treated water (with
resigtivity more than 17.5 MQ cm) was used throughout the
experiments. Hexansulfonic acid-Na monohydrate was
purchased from Sigma Chemicals (S. Louis, MO, USA).

Plant material —The roots of C. chinensis were
purchased from orientd medicind markets, such as,
CDU-1 (Hwaseung-sa, Daegu, Korea, cultured in China),
CDU-2 (Hyunjin-sa, Daegu, Korea, cultured in China),
CDU-3 (Kyungsan-mart, Daegu, Korea, cultured in
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China), CDU-4 (Hobuk-mart, Hobuk-sung, China, cultured
in Ching), CDU-5 (Kwangsu-mart, Kwangsu-sung,
China, cultured in Ching), CDU-6 (Joongdo-hospitd,
Dagjeon, Korea, cultured in China), CDU-7 (Baegje Co.,
Dagjeon, Korea, cultured in Ching), CDU-8 (Kyungdong
Co., Dagjeon, Korea, cultured in Ching, CDU-9
(Kyungdong-mart, Seoul, Korea, cultured in China),
CDU-10 (Byungin Co., Seoul, Koresg, cultured in Ching),
CDU-11 (Kyungshin Co., Yeongchun, Korea, cultured in
China), CDU-12 (Yeongchun-martl, Yeongchun, Korea,
cultured in Ching), CDU-13 (Yeongchun-mart2, Yeongchun,
Korea, cultured in Ching), CDU-14 (Sehwa-dang,
Kwangju, Korea, cultured in China), CDU-15 (Kwangduk
Co., Kwangju, Korea, cultured in Ching), and CDU-16
(Johwa Co., Kwangju, Korea, cultured in China). All of
plant materids identified by Prof. KiHwan Bag, Chungnam
Nationa University, Korea and voucher specimens have
been deposited at the Herbarium of College of Pharmacy,
Cathalic University of Daegu, Korea.

Isolation of standard compounds— The roots (10 kg)
of C. chinensis were refluxed with MeOH for three hours
(3x20L). The total filtrate was concentrated to dryness
in vacuum at 40 °C in order to render the MeOH extract
(2.2kg) and this extract was suspended in 10% MeOH
and sequentidly partitioned with CH,Cl, (230g) and
BuOH (1100g), and H,O (840(Q) in sequence. The
BuOH-soluble fraction (1100g) was chromatographed
over S gel, MCI-CHP20, and Sephadex LH20 columns
using CH,Cl,-MeOH under gradient conditions to yield
coptisne (1), padmatine (2) and berberine (3). The aqueous
layer (840 g) was chromatographed on MCI-CHP20 and
Sephadex LH-20 gd to isolate epiberberine (4).

Coptisine (1) —yelow amorphous powder; UV Ana
(MeOH): 226, 239, 264, 356; 'H-NMR (400 MHz,
CD;OD) &: 9.71 (1H, s, H-8), 8.71 (1H, s, H-13), 7.87
(1H, d, J=8.3 Hz, H-11), 7.83 (1H, d, J=8.0 Hz, H-12),
763 (1H, s, H-1), 6.84 (1H, s, H-4), 645 (2H, s
OCH,0), 6.09 (2H, s, OCH,0), 4.89 (2H, m, H-6), 3.23
(2H, m, H-5); ®*C-NMR (100 MHz, CD;0D) &: 151.0 (C-
10), 148.8 (C-3), 148.1 (C-2), 144.6 (C-8), 144.1 (C-9),
137.8 (C-13a), 133.2 (C-12a), 130.6 (C-4a), 121.9 (C-12),
121.6 (C-13b), 120.7 (C-11), 112.5 (C-8a), 108.2 (C-4),
105.3 (C-1), 105.0 (OCH;0), 102.5 (OCH,0), 56.0 (C-6),
27.0 (C-5).

Palmatine (2) —yedlow amorphous powder; mp,
208°C; UV Ana (EtOH): 228, 240, 268, 276, 343, 350,
433; 'H-NMR (400 MHz, CD,0OD) &: 9.78 (1H, s, H-8),
8.88 (1H, s, H-13), 8.10 (1H, d, J=8.0 Hz, H-11), 8.00
(1H, d, 3=8.0 Hz, H-12), 7.63 (1H, s, H-1), 7.03 (1H, s,
H-4), 4.87 (2H, m, H-6), 4.19 (3H, s, -OCHy), 4.08 (3H,
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Fig. 1. Structure of coptisine (1), pdmatine (2), berberine (3) and
epiberberine (4) isolated from C. chinengs.

s, 10-OCHj3), 3.97 (3H, s, 2-OCH3), 3.92 (3H, s 3- OCHj),
352 (2H, m, H-5); B®C-NMR (100 MHz, CD;0D) §:
152.6 (C-3), 150.7 (C-10), 149.7 (C-2), 145.2 (C-8),
144.5 (C-9), 138.6 (C-13a), 134.0 (C-124), 128.9 (C-4a),
126.8 (C-12), 123.3 (C-11), 122.1 (C-13b), 120.1 (C-13),
119.3 (C-8a), 111.0 (C-4), 108.7 (C-1), 61.3 (C-9, OCH,),
56.4 (C-10, OCHa), 56.1 (C-2, OCHs), 55.8 (C-3, OCHy),
55.4 (C-6), 26.6 (C-5); LC-ESI-MSMS m/z 352 [M]".
Berberine (3) —yellow amorphous powder; mp, 158-
160 °C; UV Ama (EtOH): 230, 266, 352, 432; 'H-NMR
(400 MHz, CD;0D) 6: 9.75 (1H, s, H-8), 8.69 (1H, s, H-
13), 8.10 (1H, d, J=8.3 Hz, H-11), 7.98 (1H, d, J=84
Hz, H-12), 7.64 (1H, s, H-1), 6.94 (1H, s, H-4), 6.09 (2H,
s, OCH,0), 491 (2H, t, J=6.4 Hz, H-6), 418 (3H, s, 9-
OCHs), 4.09 (3H, s, 10-OCHa), 3.24 (2H, t, J=6.4 Hz,
H-5); ®*C-NMR (100 MHz, CD40D) §: 1510 (C-10),
150.8 (C-3), 148.7 (C-2), 144.6 (C-9), 145.2 (C-8), 1385
(C-139), 134.0 (C-12a), 130.7 (C-4a), 126.8 (C-11), 123.3
(C-12), 122.1 (C-84), 120.7 (C-13b), 120.3 (C-13), 108.2
(C-4), 105.3 (C-1), 1025 (OCH0), 61.3 (C-9, OCHy),
56.4 (C-10, OCHg), 56.0 (C-6), 27.0 (C-5).
Epiberberine (4) —yelow amorphous powder; mp,
260 °C; UV Ana (EtOH): 227, 245, 268, 361; 'H-NMR
(400 MHz, CD;0D) 6: 9.70 (1H, s, H-8), 8.81 (1H, s, H-
13), 7.88 (1H, d, J=8.0 Hz, H-11), 7.83 (1H, d, J=8.0
Hz, H-12), 7.63 (1H, s, H-1), 7.03 (1H, s, H-4), 6.45 (2H,
s, OCH,0), 4.88 (2H, m, H-6), 3.97 (3H, s, 2-OCHy),
3.92 (3H, s, 3-OCH5), 3.26 (2H, m, H-5); *C-NMR (100
MHz, CD;0D) o: 152.6 (C-3), 149.7 (C-2), 147.9 (C-10),
1445 (C-9), 144.1 (C-8), 137.9 (C-13a), 133.3 (C-12a),
128.7 (C-4q), 121.8 (C-12), 121.1 (C-11), 121.0 (C-13),
119.3 (C-13b), 112.5 (C-83), 111.0 (C-4), 1085 (C-1),
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104.9 (OCH,0), 56.2 (C-6), 55.8 (C-2, OCHs3), 55.5 (C-3,
OCHjy), 26.5 (C-5).

Preparation of test sample— Air-dried roots (500 mg)
was findy powdered and refluxed with 40mL 70%
MeOH (+ 1% HCI) for 2 hours, and filtered using filter
paper. The methanol extracts were evaporated to dryness
in vacuum. The residue was dissolved in 90 mL 70%
MeOH and 10 mL 0.002% butylparaben (70% methanol
solution). The crude extract then filtered with a 0.45 um
pore sze and a 10 uL sample subjected to HPLC andlysis.

HPLC analysis—Method for protoberberine akaoids
andysis was modified from those previoudy described
(Feng et al., 2005) by using a reverse phase system
(Hypersil C-18, 5um, 4.6 x 250 mm i.d.). Elution was
initially with acetonitrile-10 mM hexanesulfonic acid-Na
monohydrate (15 : 85), which was changed according to
linear gradient over 40min to acetonitrile-10 mM
hexanesulfonic acid-Na monohydrate (80 : 20). The flow
rate was 1 mL/min, and 10 uL diquots of samples were
injected for anadysis and UV detection was carried out at
254 nm.

Calibration —Stock solutions (2 mg/mL) of coptisine
(1), pdmatine (2), berberine (3) and epiberberine (4)
isolated from C. chinensis were prepared individualy in
methanol, and different concentrations (2, 5, 10, 25, 50,
100 ug/mL) of these were loaded onto an HPLC for the
preparation of the cdibration functions. The calibration
function of coptisine, pamatine, berberine and epiberberine
calculated with peak area (y), concentration (x, mg/mL),
and mean values (n = 5) + standard deviation.

Results and Discussion

The optimal mobile phase composition for the analysis
of coptisne (1), pamatine (2), berberine (3) and
epiberberine (4) from the 70% MeOH (+ 1% HCI) extracts
of the roots of C. chinenss was selected by performing
severad HPLC runs with various concentrations of
acetonitrile in 10mM hexansulfonic acid-Na monohydrate
as a mobile phase. A solution of the initiad 15%
acetonitrile in 10mM hexansulfonic acid-Na monohydrate,
which was changed gradudly over 40min to 80%
acetonitrile, was selected as the mobile phase. The HPLC
peaks of the coptisine (1), palmatine (2), berberine (3) and
epiberberine (4) contained in each roots of C. chinensis
were verified using the standard reference material. The
chromatographic system used produced symmetrica
peaks with a baseline resolution for coptisine, pamatine,
berberine and epiberberine using a simple gradient profile
(Lee et al., 2004). Butylparaben was used as an internal
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Fig. 2. HPLC chromatogram of coptisine (1), pamatine (2),
berberine (3) and epiberberine (4) isolated from C. chinensis.
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Fig. 3. Cdibration curve of coptisine, padmatine, berberine and
epiberberine.

standard. The retention time of coptisine (1), palmatine
(2), berberine (3), epiberberine (4) and butylparaben were
20.17, 21.04, 23.10, 24.08 and 29.62 min, respectively
(Fig. 2). The corrdation coefficients of each calibration
curve of coptisine (1), pamatine (2), berberine (3) and
epiberberine (4) were 0.9994, 0.9992, 0.9987 and 0.9994,
respectively (Table 1, Fig. 3). Under the above HPLC
condition the detection limit of compounds were 0.25 ng/
mL (UV 254 nm).

The performance of the expressed method was tested
by applying it to a smultaneous assay of coptisine (1),
pamatine (2), berberine (3) and epiberberine (4) in the
roots of C. chinensis obtained from the sixteen of oriental
medicina markets in Korea and China. The test samples
were prepared as described previoudy and injected in
duplicate (Li and Wang, 2004). The results are summarized
in Table 2. It was found that the protoberberine akaoid
contents of the herba samples were quite different.
Berbeine (3) is the major compound in the roots of C.
chinensis. Of these roots of C. chinensis, the sample from
Hobuk-mart (CDU-4) in China had the highest akaloids
contents (coptisine, 24.63 = 4.11 ug/g; pamatine, 20.75+
4.38 ug/g; berebrine, 81.16+ 11.59 ug/g; epiberberine,
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Table 1. Cdibration graphs, linear ranges, LOD and LOQ of coptisine (1), pamatine (2), berberine (3) and epiberberine (4)
linear range Corrdation LOD? LOQP
Compound (ug/mL) Slope (3) Intercept (b) Coefficient () @gml)  (ugiml)
coptisine (1) 2~100 —-0.0236 0.02938 0.9994 0.1 0.25
palmatine (2) 2~100 -0.001 0.02440 0.9992 0.1 0.25
berberine (3) 2~100 0.0151 0.02039 0.9987 0.1 0.25
epiberberine (4) 2~100 0.0015 0.02457 0.9994 0.1 0.25

3_imit of detection. "Limit of quality control

Table 2. Analytical results of coptisine (1), palmatine (2), berberine (3) and epiberberine (4) of C. chinensis purchased from markets in

Koreaand China

Samle Content (mg/g)

coptisine (1) palmatine (2) berberine (3) epiberberine (4)
CuD-1? 9.66+ 1.10 7.87+1.00 3328+534 449+0.39
CUD-2 17.43+ 3.80 15.43 + 0.06 57.25+11.00 7.77+£174
CUD-3° 948+ 1.25 9.62+ 0.83 30.76 £ 2.24 524+ 054
CUD-4° 2463+4.11 20.75+ 4.38 81.16+ 11.59 12.04 + 255
CUD-5° 6.79+ 0.85 540+ 0.27 2140+ 253 376+£021
CUD-6 1254+ 0.55 10.00+ 0.42 45.62+0.10 597+ 058
CUD-7® 13.32+0.40 11.97 + 0.52 4816+ 2.39 7.36+£1.09
CuU D-8f1 12.38 + 0.59 9.90+0.13 43.43+0.61 7.02+048
CuD-9 9.53+0.15 8.80+0.82 33.87+205 497+031
CUD-10 10.42+0.79 846+ 0.99 35.68 + 3.30 5.39+0.53
CUD-11¢ 850+ 0.39 6.57 + 0.06 27.61+0.23 345+ 0.02
CUD-12 11.03+1.49 849+ 147 38.65+4.34 4.60+0.93
CuD-13" 13.65+ 0.53 12.17+0.80 41.34+10.15 6.51+ 0.50
CuD-14" 2347+ 287 17.06 + 0.60 77.21+5.36 10.28 + 0.97
CUD-15° 2277+ 0.36 16.62 + 2.09 81.21+6.98 1055+ 0.18
CuUD-16° 17.61+ 0.68 13.00+ 0.46 5336+ 2.64 9.32+0.29

3CDU-1 (Hwaseung-sa, Daegu, Korea, cultured in China), °CDU-2 (Hyunjin-sa, Daegu, Korea, cultured in Ching), CDU-3 (Kyungsan-
mart, Daegu, Korea, cultured in Ching), 9CDU-4 (Hobuk-mart, Hobuk-sung, China, cultured in China), *CDU-5 (Kwangsu-mart,
Kwangsu-sung, China, cultured in China), ‘CDU-6 (Joongdo-hospital, Dagjeon, Korea, cultured in China), CDU-7 (Baegje Co., Dagjeon,
Korea, cultured in China), "CDU-8 (Kyungdong Co., Dagjeon, Korea, cultured in China), 'CDU-9 (Kyungdong-mart, Seoul, Korea, cul-
tured in Ching), 'CDU-10 (Byungin Co., Seoul, Korea, cultured in Ching), *CDU-11 (Kyungshin Co., Yeongchun, Kores, cultured in
China), 'CDU-12 (Yeongchun-mart1, Yeongchun, Korea, cultured in China), "CDU-13 (Yeongchun-mart2, Yeongchun, Korea, cultured in
China), "CDU-14 (Sehwa-dang, Kwangju, Korea, cultured in China), °CDU-15 (Kwangduk Co., Kwangju, Korea, cultured in China),

PCDU-16 (Johwa Co., Kwangju, Korea, cultured in China)

12.04 £+ 2.55 ug/g). These results suggest that this method
might be used more conveniently for the monitoring the
qudity of protoberberine alkaoids from the roots of C.
chinensis.
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As part of our ongoing search of natural sources for therapeutic and preventive agents for diabetic com-
plications, the rat lens aldose reductase (RLAR) inhibitory effect of Coptidis Rhizoma (the rhizome of
Coptis chinensis Franch) was evaluated. Its extract and fractions exhibited broad and moderate RLAR
inhibitory activities of 38.9~67.5 ug/mL. In an attempt to identify bioactive components, six quaternary
protoberberine-type alkaloids (berberine, palmatine, jateorrhizine, epiberberine, coptisine, and groen-
landicine) and one quaternary aporphine-type alkaloid (magnoflorine) were isolated from the most
active n-BuOH fraction, and the chemical structures therein were elucidated on the basis of spectro-
scopic evidence and comparison with published data. The anti-diabetic complications capacities of
seven C. chinensis-derived alkaloids were evaluated via RLAR and human recombinant AR (HRAR)
inhibitory assays. Although berberine and palmatine were previously reported as prime contributors to
AR inhibition, these two major components exhibited no AR inhibitory effects at a higher concentration
of 50 pg/ml in the present study. Conversely, epiberberine, coptisine, and groenlandicine exhibited mod-
erate inhibitory effects with ICs, values of 100.1, 118.4, 140.1 uM for RLAR and 168.1, 187.3, 154.2
uM for HRAR. The results clearly indicated that the presence of the dioxymethylene group in the D ring
and the oxidized form of the dioxymethylene group in the A ring were partly responsible for the AR
inhibitory activities of protoberberine-type alkaloids. Therefore, Coptidis Rhizoma, and the alkaloids
contained therein, would clearly have beneficial uses in the development of therapeutic and preventive
agents for diabetic complications and diabetes mellitus.

Key words: Coptis chinensis, Coptidis Rhizoma, Alkaloids, Aldose reductase, Diabetic complications

INTRODUCTION

Aldose reductase (AR) is one of the important enzymes
in the polyol pathway that catalyzes the reduction of
glucose to sorbitol and thus plays a crucial part in the
development of diabetic complications, including retino-
pathy, neuropathy, nephropathy, and cataracts (Kawanishi
et al., 2003; de la Fuente et al., 2003). For these reasons,
there are growing interests in AR inhibitors (ARIs) to
alleviate the various symptoms of diabetic complications
and treat its many related diseases. Although several
synthetic ARIs have been proposed, including zopolrestat,
epalrestat, and sorbinil, most of them place a limit on

their usage, and/or have been withdrawn from clinical
trials due to relatively low efficacy, poor pharmacokine-
tics, and unsatisfactory safety (Kawanishi et al., 2003;
Manzanaro et al., 2006). In an attempt to develop potent,
safe, and new anti-diabetic complications agents from
natural sources (de la Fuente et al., 2003), we began an
effort to search for ARIs and evaluate their potentials.
Coptis chinensis Franch, of the Ranunculaceae family,
is a perennial, stemless herb that grows throughout China.
Coptidis Rhizoma, the rhizome of C. chinensis, has com-
monly been prescribed for treatment of diabetes mellitus
in Chinese traditional herbal medicine for a long time due
to its blood sugar-lowing properties. It also relaxes blood
vessels, lowers fevers, stimulates circulation, and exerts
antibacterial, antiviral, and antifungal activity (Huang, 1999).
In addition, Coptis chinensis are reported to possess anti-
inflammatory (Schinella et al., 2002), anti-proliferative
(Tse et al.,, 2006), antioxidant (Schinella et al., 2002;
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Yokozawa et al., 2005), and anti-hypertensive activities
(Ko et al., 2000), as well as hypoglycemic and hypochol-
esterolemic effects (Yuan et al., 2006).

Coptidis Rhizoma is known to harbor a diversity of
alkaloids, including berberine, palmatine, jateorrhizine,
epiberberine, and coptisine, which are considered to be its
active constituents (Sun et al., 2006). In particular, berberine
is the most predominant component and shows various
pharmacological and biological effects, including anti-
hypertensive (Ko et al., 2000), anti-diabetic (Tang et al.,
2006; Huang et al., 2006), anti-inflammatory (Kuo et al.,
2004), hypolipidemic (Kong et al., 2004; Doggrell, 2005),
and antioxidant effects (Hsieh et al., 2007). Berberine,
palmatine, and jateorrhizine have been reported to exhibit
hypoglycemic and hypocholesterolemic effects (Yuan et
al., 2006). Yokozawa et al. (2005) reported that coptisine,
palmatine, magnoflorine, and epiberberine might contribute
to the protective effects of Cotidis Rhizoma on oxidative
stress, including inhibition of cellular peroxynitrite genera-
tion. Jateorrhizine and magnoflorine were also reported to
exhibit significant antioxidant and antiradical capacities
(Rackova et al., 2004; Hung et al., 2007).

Since Coptidis Rhizoma has been used for treatment of
diabetes mellitus, and several alkaloids isolated from
Coptidis Rhizoma showed preventive and inhibitory acti-
vity against several diabetic complications-related symptoms,
including antioxidant, hypolipidemic, and hypocholes-
terolemic effects, the present study on the inhibitory
effects of Coptidis Rhizoma on diabetic complications is
worthy of promoting this field of research. In particular,
our present results seem to be inconsistent with previous
research on the AR inhibitory effects of Coptidis Rhizoma-
derived alkaloids (Lee, 2002; Nakai et al., 1985), therefore,
the objectives of the present work are to re-evaluate the
AR inhibitory effects of several alkaloids and reaffirm the
structure-activity relationship of Coptidis Rhizoma-derived
alkaloids.

MATERIALS AND METHODS

General experimental procedures

The 'H- and “C-NMR spectra were determined using a
JEOL JNM ECP-400 spectrometer (JEOL, Japan) at 400
MHz for 'H and 100 MHz for *C. The EI-MS data was
collected on a GCMS QP-5050A spectrometer (Shimadzu,
Japan). Column chromatography was conducted using
silica (Si) gel 60 (70-230 mesh, Merck, Germany), and
MCI CHP20P gel (75-150 um, Mitsubishi Chemical Co.,
Tokyo, Japan). TLC was conducted on precoated Merck
Kieselgel 60 F,s, plates (20x20 cm, 0.25 mm).

Chemicals
Nicotinamide adenine dinucleotide phosphate (NADPH),
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quercetin, and DL-glyceraldehyde dimer were purchased
from Sigma Chemical Company (St. Louis, MO, USA).
Human recombinant aldose reductase (HRAR, 0.4 unit)
was purchased from Wako Chemicals (Osaka, Japan).

Plant materials

The rhizome of C. chinensis was purchased from a
local retailer and authenticated by Prof. J. H. Lee at
Dongguk University, Gyeongbuk Province, Korea. A
voucher specimen (No. 20060420) was deposited in the
author’s laboratory (Prof. J. S. Choi).

Extraction, fractionation, and isolation

The powdered rhizome of C. chinensis (10 kg) were
refluxed with methanol (MeOH) for 3 h (3x10 L). The
total filtrate was then concentrated to dryness in vacuo at
40°C, in order to render the MeOH extract (2.2 kg). This
extract was suspended in distilled water (H,O) and then
successively partitioned with methylene chloride (CH,Cl,),
n-butanol (BuOH), to yield CH,Cl, (230 g), n-BuOH (1.1
kg) fractions, respectively, as well as H,O residue (840
g). A portion of n-BuOH fraction (316 g) was initially
chromatographed over a Si gel column using a mixed
solvent of EtOAc, MeOH, and H,O (EtOAc:MeOH:H,0O
21:4:3 — 21:10:3 — EtOAc:MeOH:2% HCI 21:10:3, gra-
dient conditions) to yield 14 subfractions (BF1~ BF18).
BF02 (9.3 g) was repeatedly chromatographed over a Si
gel column using a mixed solvent of EtOAc, MeOH, and
H,0 (EtOAc:MeOH:H,0 21:4:3) to yield palmatine (3 g).
BF03 (21.1 g) was rechrystallized with MeOH, yielding
berberine (7 g). The filtrate of BF03 (15 g) was subjected
to column chromatography over a Si gel column with a
mixture solvent of CH,Cl, and MeOH (CH,Cl,:MeOH
5:1 — 0:1, gradient conditions) to yield jateorrhizine (50
mg). BF12 (17.3 g) was chromatographed over a MCI gel
column with aqueous MeOH (0% — 100%), followed by
recrystallization with MeOH to obtain groenlandicine (60
mg), and coptisine (80 mg). A portion of BF13 (20 g) was
chromatographed over a MCI gel column with aqueous
MeOH (0% — 100%), followed by recrystallization with
MeOH to obtain epiberberine (90 mg). Magnoflorine (20
mg) were isolated from BF14 (13 g) by MCI gel column
chromatography with aqueous MeOH (0% — 100%). The
chemical structures of isolated alkaloids were elucidated
on the basis of spectroscopic evidences and by compari-
son with published data (Grycova et al., 2007; Lee and
Kim, 1997). The NMR data of isolated alkaloids were as
follows.

Berberine

'H-NMR (400 MHz, CD;0OD) : § 9.75 (1H, s, H-8),
8.69 (1H, s, H-13), 8.10 (1H, d, J = 8.3 Hz, H-11), 7.98
(1H, d, J = 8.4 Hz, H-12), 7.64 (1H, s, H-1), 6.94 (1H, s,
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H-4), 6.09 (2H, s, OCH,0), 491 (2H, t, J = 6.4, H-6),
4.18 (3H, s, 9-OCH,), 4.09 (3H, s, 10-OCH;), 3.24 (2H,
t, J = 6.4 Hz, H-5); "*C-NMR (100 MHz, CD;OD) : &
151.0 (C-10), 150.8 (C-3), 148.7 (C-2), 144.6 (C-9),
145.2 (C-8), 138.5 (C-13a), 134.0 (C-12a), 130.7 (C-4a),
126.8(C-11), 123.3(C-12), 122.1 (C-8a), 120.7 (C-13b),
120.3 (C-13), 108.2 (C-4), 105.3 (C-1), 102.5 (OCH,O0),
61.3 (C-9, OCH;), 56.4 (C-10, OCHs), 56.0 (C-6), 27..0
(C-5).

Magnoflorine

'H-NMR (400 MHz, CD;OD): § 6.65 (I1H, d, J = 6.5
Hz, H-9), 6.46 (1H, d, J = 6.5 Hz, H-8), 6.45 (1H, s, H-
3), 3.78 (3H, s, 10-OCHy;), 3.80 (1H, m, C-6), 3.80 (3H,
s, 2-OCH,), 3.45 (1H, m, H-5), 3.23 (1H, m, H-5), 3.23
(3H, s, N'CH3), 3.10 (1H, m, H-4), 2.93 (1H, dd, J = 3.2,
12.3 Hz, H-7), 2.77 (3H, s, N'CHj3), 2.58 (1H, m, H-4),
2.42 (1H, br t, J = 12.3, 13.6 Hz, H-7); "C-NMR (100
MHz, CD;0D): § 151.9 (C-2), 150.5 (C-10), 149.4 (C-1),
148.4 (C-11), 124.8 (C-7a), 122.4 (C-11b), 122.3 (C-11a),
119.8 (C-6b), 115.9 (C-8), 114.7 (C-3a), 109.4 (C-9),
108.3 (C-3), 69.9 (C-6a), 61.12 (C-5), 55.1 (2-OCHs),
54.8 (10-OCH,), 52.7 (N'CHj3), 42.8 (N"CH3), 30.5 (C-7),
23.5 (C-4).

Groenlandicine

'H-NMR (400 MHz, CD;0D) : § 9.62 (1H, s, H-8),
8.69 (1H, s, H-13), 7.86 (1H, d, J = 8.0 Hz, H-11), 7.82
(1H, d, J = 8.0 Hz, H-12), 7.60 (1H, s, H-1), 6.83 (1H, s,
H-4), 6.43 (2H, s, OCH,0), 4.89 (2H, m, H-6), 3.99 (2-
OCH,), 3.28 (H-5); “C-NMR (100 MHz, CD;OD) : §
150.8 (C-3), 148.5 (C-2), 147.7 (C-10), 144.4 (C-9),
143.9 (C-8), 138.4 (C-13a), 133.5 (C-12a), 129.0 (C-4a),
121.7 (C-12), 121.0 (C-11), 120.6 (C-13), 118.1 (C-13Db),
114.7 (C-4), 112.4 (C-8a), 108.6 (C-1), 104.8 (OCH,0),
56.2 (C-6), 55.7 (2- OCH,), 26.4 (C-5).

Jateorrhizine

'H-NMR (400 MHz, CD;0D) : § 9.71 (1H, s, H-8),
8.74 (1H, s, H-13), 8.08 (1H, d, J = 8.0 Hz, H-11), 7.97
(1H, d, J = 8.0 Hz, H-12), 7.63 (1H, s, H-1), 6.84 (1H, s,
H-4), 4.48 (2H, m, H-6), 4.18 (3H, s, 9-OCHs;), 4.09 (3H,
s, 10-OCH;), 4.00 (3H, s, 2-OCH;), 3.18 (2H, m, H-5);
BC-NMR (100 MHz, CD,0D) : § 150.6 (C-9), 150.5 (C-
2), 148.4 (C-3), 145.0(C-8), 144.5 (C-10), 139.1 (C-13a),
134.2 (C-12a), 129.1 (C-4a), 126.8 (C-12), 123.1(C-11),
122.0 (C-13b), 119.7 (C-13), 118.2 (C-8a), 114.7 (C-4),
108.8 (C-1), 61.3 (9-OCH,), 55.7 (10-OCH;), 56.4 (2-
OCH,), 56.2 (C-6), 26.4 (C-5).

Coptisine
'H-NMR (400 MHz, CD;0D) : § 9.71 (1H, s, H-8),
8.71 (1H, s, H-13), 7.87 (1H, d, J = 8.0 Hz, H-11), 7.83
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(1H, d, J = 8.0 Hz, H-12), 7.63 (1H, s, H-1), 6.84 (1H, s,
H-4), 6.45 (2H, s, OCH,0), 6.09 (2H, s, OCH,0), 4.89
(2H, m, H-6), 3.23 (2H, m, H-5); *C-NMR (100 MHz,
CD,OD) : & 151.0 (C-10), 148.8 (C-3), 148.1 (C-2),
144.6 (C-8), 144.1 (C-9), 137.8 (C-13a), 133.2 (C-12a),
130.6 (C-4a), 121.9 (C-12), 121.6 (C-13b), 120.7 (C-13),
120.7 (C-11), 112.5 (C-8a), 108.2 (C-4), 105.3 (C-1),
105.0 (OCH,0), 102.5 (OCH,0), 56.0 (C-6), 27.0 (C-5).

Palmatine

'H-NMR (400 MHz, CD,0D) : § 9.78 (1H, s, H-8),
8.88 (1H, s, H-13), 8.10 (1H, d, J = 8.0 Hz, H-11), 8.00
(1H, d, J = 8.0 Hz, H-12), 7.63 (1H, s, H-1), 7.03 (1H, s,
H-4), 4.87 (2H, m, H-6), 4.19 (3H, s, 9-OCH;), 4.08 (3H,
s, 10-OCH,), 3.97 (3H, s, 2-OCH,), 3.92 (3H, s, 3-OCH,),
3.52 (2H, m, H-5); “C-NMR (100 MHz, CD;OD) : §
152.6 (C-3), 150.7 (C-10), 149.7 (C-2), 145.2(C-8), 144.5
(C-9), 138.6 (C-13a), 134.0 (C-12a), 128.9 (C-4a), 126.8
(C-12), 123.3(C-11), 122.1 (C-13b), 120.1 (C-13), 119.3
(C-8a), 111.0 (C-4), 108.7 (C-1), 61.3 (9-OCH;), 56.4
(10-OCHs;), 56.1 (2-OCHs;), 55.8 (3-OCH;), 55.4 (C-6),
26.6 (C-5); LC-ESI-MS/MS m/z 352 [M]', 337, 322, 308.

Epiberberine

'"H-NMR (400 MHz, CD;OD) : 8§ 9.70 (1H, s, H-8),
8.81 (1H, s, H-13), 7.88 (1H, d, J = 8.0 Hz, H-11), 7.83
(1H, d, J = 8.0 Hz, H-12), 7.63 (1H, s, H-1), 7.03 (1H, s,
H-4), 6.45 (2H, s, OCH,0), 4.88 (2H, m, H-6), 3.97 (3H,
s, 2-OCH;), 3.92 (3H, s, 3-OCHj;), 3.26 (2H, m, H-5);
BC-NMR (100 MHz, CD;0OD) : § 152.6 (C-3), 149.7 (C-
2), 147.9 (C-10), 144.5 (C-9), 144.1 (C-8), 137.9 (C-13a),
133.3 (C-12a), 128.7 (C-4a), 121.8(C-12), 121.1(C-11),
121.0 (C-13), 119.3 (C-13b), 112.5 (C-8a), 111.0 (C-4),
108.5 (C-1), 104.9 (OCH,0), 56.2 (C-6), 55.8 (2-OCH,),
55.5 (3-OCHy), 26.5 (C-5).

Assay for RLAR inhibitory activity

In these experiments we followed The Guidelines for
Care and Use of Laboratory Animals as approved by
Pukyong National University. According to the modified
method of Hayman and Kinoshita (1965), rat lens
homogenate was prepared. Briefly, the lens were removed
from the eyes of Sprague-Dawley rats (Samtako BioKorea,
Inc.) weighing 250-280 g. The lens are homogenized in
sodium phosphate buffer (pH 6.2), which was prepared
from sodium phosphate dibasic (Na,HPO,-H,0, 0.66 g)
and sodium phosphate monobasic (NaH,PO,-H,0, 1.27
g) in 100 mL of double distilled water. The supernatant
was obtained by centrifugation of the homogenate at
10,000 rpm at 4°C for 20 min and was frozen until use. A
crude AR, with a specific activity of 6.5 U/mg, was used
in the evaluations for enzyme inhibition. The partially
purified material was separated into 1.0 mL aliquots, and
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stored at -40°C. Each 1.0 mL cuvette contained equal
units of enzyme, 100 mM sodium phosphate buffer (pH
6.2), and 1.6 mM NADPH, both with and without 50 mM
of the substrate, DL-glyceraldehyde, and an inhibitor (f.c.
10~100 pg/mL for the extract, and fractions, and 12.5~
50 pg/mL for the compounds, dissolved in 100% DMSO).
The AR activity was determined by measuring the
decrease in NADPH absorption at 340 nm over a 4 min
period on a Ultrospec®2100pro UV/Visible spectrophoto-
meter with SWIFT II Applications software (Amersham
Biosciences, New Jersey, USA). Quercetin, a well known
ARI was used as references. The inhibition percentage
(%) was calculated as [1 — (AA sample/min — AA blank/
min)/(AA control/min — AA blank/min)] x 100, where AA
sample/min represents the reduction of absorbance for 4
min with the test sample and substrate, respectively, and
AA control/min represents the same, but with 100%
DMSO instead of a sample. The 50% inhibition concen-
trations of the RLAR inhibitory activity were calculated
from the log-dose inhibition curve within test concen-
trations. The ICs, values are expressed as the mean =+
SEM.

Assay for HRAR inhibitory activity

The recombinant human AR inhibitory activities were
examined according to the method of Nishimura et al
(1991). The reaction mixture was prepared as follows:
100 puL of 0.15 mM NADPH, 100 pL of 10 mM DL-
glyceraldehyde, as a substrate, 5 uL of the recombinant
human AR, and various concentrations of the samples
(f.c. 25~75 ng/mL, dissolved in 100% DMSO) in a total
volume of 1.0 mL of 100 mM sodium phosphate buffer
(pH 6.2). The AR activity was determined by measuring
the decrease in NADPH absorption at 340 nm over a 1
min period on a Ultrospec®2100pro UV/Visible spectro-
photometer with SWIFT II Applications software (Amersham
Biosciences). Quercetin, a well known ARI was used as
references. The inhibition percentage (%) was calculated
similar to the RLAR assay, except that AA sample/min
represents the reduction of absorbance for 1 min with the
test samples and substrate. The 50% inhibition concen-
trations of the HLAR inhibitory activity were calculated
from the log-dose inhibition curve within test concentra-
tions. The ICs, values are expressed as the mean £ SEM.

Statistics
All results are presented as mean + S.E.M. Statistical

significance was analyzed via one-way ANOVA and
Student’s z-test (Systat In., Evaston, III., USA).

RESULTS AND DISCUSSION

To evaluate the anti-diabetic complication effects of
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Coptidis Rhizoma, the RLAR inhibitory activities of the
MeOH extract and its CH,Cl,, n-BuOH, and H,O fractions
were measured using the modified method of Hayman
and Kinoshita (1965). As shown in Table I, the extract
and its fractions exhibited moderate RLAR inhibitory
activities with ICs, values of 49.1, 64.6, 38.9, and 67.5
ug/mL respectively, as compared to a positive control,
quercetin (ICsy 0.4 pg/mL). Lee (2002) previously de-
monstrated that the MeOH extract, and the CH,Cl,, and
n-BuOH fractions showed significant RLAR inhibitory
effects, particularly the CH,Cl, fraction exhibiting RLAR
inhibitory effects similar to quercitrin. In the present
study, the n-BuOH fraction was the most active fraction,
followed by the CH,Cl, and H,O fractions, whereas Lee
(2002) stated that the H,O fraction showed only marginal
activity. The TLC analyses of the MeOH extract and its
fractions indicated that »-BuOH and H,O fractions also
harbored a variety of alkaloids. Thus these polar fractions
are expected to exert as good RLAR activity as other
fractions. Since the n-BuOH fraction exhibited the most
RLAR inhibitory effect in the present work, further phy-
tochemical examinations were carried out to obtain seven
alkaloids, including six quaternary protoberberine-type
alkaloids (berberine, palmatine, jateorrhizine, epiberberine,
coptisine, and groenlandicine) and one quaternary aporphine-

Table I. RLAR inhibitory activities of the MeOH extract and
its fractions from C. chinensis

Conc. Inhibition® IC /mL)°

Sample  o/mLy" (%) MancSEn

Quercetin 3 83.33 85.71 0.39 +£0.13
1 67.86 67.86
0.2 39.29 35.71

MeOH 100 81.31 78.69 49.14 + 3.59
50 52.68 42.86
10 29.46 29.46

CH,Cl, 100 60.66 63.93 64.62 £ 191
50 50.00 45.12
10 23.17 30.49

n-BuOH 50 60.61 57.58 38.87 £ 1.60
10 27.27 25.76

H,0 100 80.33 95.08 67.48 £5.07
50 18.03 24.59
10 -1.64 1.64

Final concentrations of test samples were 10~100 pg/mL for the
extract, and fractions, and 1~10 pg/mL for quercetin, which were
dissolved in 100% DMSO. "The inhibition percentage (%) was
calculated as [1 — (AA sample/min — AA blank/min)/(AA control
/min X AA blank/min)] X 100, where AA sample/min represents
the reduction of absorbance for 4 min with the test sample and
substrate, respectively, and AA control/min represents that with
100% DMSO instead of a sample. The 50% inhibition concen-
tration is expressed as the mean + SEM of triple experiments.
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type alkaloid (magnoflorine) (Fig. 1). in Table II. Among the tested compounds, berberine and
The RLAR inhibitory activities of the seven alkaloids palmatine exhibited no RLAR inhibitory activities within
isolated from the most active n-BuOH fraction are shown the test concentration of 12.5-50 pg/mL. Magnoflorine and

H,CO

Berberine

Palmatine Epiberberine

Fig. 1. Structures of alkaloids from C. chinensis

Table II. RLAR inhibitory activities of seven alkaloids from C. chinensis

Conc. Inhibition ® ICs (Mg/mL)° ICso (UM)!
pg/mL? % Mean+SEM Mean+SEM
Quercetin 5 77.94 76.47 0.57 £0.20 1.88 £ 0.47
1 66.18 63.24
0.2 33.82 41.18
Berberine 50 > 50
Palmatine 50 > 50
Jateorrhizin 50 14.08 12.68 > 50
Epiberberine 50 101.59 98.41 33.62 £+ 0.30 100.07 + 0.63
333 50.51 50.11
25 12.50 12.50
Coptisine 50 86.87 85.86 37.87 +£0.35 118.36 £0.78
333 31.31 35.13
25 15.28 9.72
12.5 4.84 3.23
Groenlandicine 50 52.38 60.32 45.12 £ 2.96 140.13 + 6.50
25 23.61 18.06
12.5 10.96 10.96
Magnoflorine 50 29.85 18.33 > 50

“Final concentrations of test samples were 10~50 pug/mL for the compounds, which were dissolved in 100% DMSO. "The inhibition
percentage (%) was the same as in Table I. ““The 50% inhibition concentrations (ug/mL and UM, respectively) were calculated from the
log dose inhibition curve and expressed as the mean = SEM of duplicate experiments.
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jateorrhizine showed marginal RLAR inhibitory activities
with 18% and 13% inhibition at a concentration of 50 ug/
mL, respectively. Conversely, epiberberine, coptisine, and
groenlandicine showed good inhibitory activities with
ICs, values of 33.6, 37.9, and 45.2 ug/mL (100.1, 118.4,
and 140.1 pM), respectively, in the RLAR assay. As shown
in Table III, groenlandicine, epiberberine, and coptisine
also exhibited the HRAR inhibitory effects with ICs, values
of 51.2, 56.5, and 66.7 ug/mL (154.2, 168.1, and 187.3
uM), respectively. The results suggested that the presence
of dioxymethylene group in the D ring and the oxidized
form of the dioxymethylene group in the A ring were at
least partly attributed to the RLAR and HRAR inhibitory
activities of protoberberine-type alkaloids. Nakai et al.
(1985) and Lee (2002) reported that both berberine and
palmatine showed potent RLAR inhibitory effects, with
palmatine exhibiting potency greater than berberine, due
to the oxidized form of the dioxymethylene group in the
A ring. Similar to these previous results, the oxidized form
of the dioxymethylene group in the A ring might contri-
bute to the RLAR and HRAR inhibitory effects of the
alkaloids in present study, however, the presence of dioxy-
methylene group in the D ring seems to play a much
more crucial role in the AR inhibitory activity: epiber-
berine, coptisine, groenlandicine vs. berberine, palmatine.
The important structural characterization of ARI may be
harbored within the polar portion as well as the hydro-
phobic ring system. The hydrophobic ring systems of the
ARIs are tightly bound adjacent to the anion-bind site of
AR, and the polar systems are bound in an anion-binding
site adjacent to the nicotinamide ring of the coenzyme
(El-Kabbani and Podjarny, 2007). Epiberberine and gro-
enlandicine, possessing the dimethylene group in the D
ring as the hydrophobic ring system, and methoxyl group
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in the A ring as the polar systems of an alkaloid unit,
may be deemed the reasonable ARIs in the RLAR and
HRAR systems. The AR-polyol pathway is expected to
be highly implicated in oxidative stress, such as reduc-
tion/oxidation of NADPH and glutathione. According to
Yokozawa’s study (2005) on Cotidis Rhizoma and its
alkaloids, coptisine, palmatine, epiberberine, jateorrhizine,
and magnoflorine inhibited peroxynitrite- and SIN-1-
induced cellular damage, except for berberine. In part,
epiberberine, and jateorrhizine could potentially exhibit
the RLAR inhibitory effects through inhibition of reactive
nitrogen species formation, however, the precise mechanism
remains unclear since there are other biological aspects of
berberine to consider, including strong radical scavenging,
inhibition of lipid peroxidation, LDL oxidation, and nitric
oxide generation, as well as chelation of metal ion
(Shirwaikar et al., 2006; Hsieh et al. 2007). Moreover, the
remarked difference between previous results (Lee, 2002;
Nakai et al., 1985) and our present data might be due to
the modification of enzyme preparation.

Until now, several kinds of minor compounds have
been isolated from the Coptis species, including lignans
(Cho et al., 2001), neolignans (Yoshikawa et al., 1995),
coumarins (Mizuno et al., 1992), acids and phenolics
(Yahara et al., 1985). Since coumarins and phenolics have
been reported to possess AR inhibitory activity, these two
kinds of compounds are likely to play more important
roles in AR inhibition than the alkaloids, in spite of
limited presence.

In conclusion, Coptidis Rhizoma, and the alkaloids
contained within, would clearly have beneficial uses in
the development of therapeutic and/or preventive agents
for diabetic complications and diabetes mellitus.

Table III. HRAR inhibitory activities of alkaloids from C. chinensis

Conc. Inhibition® ICs (Lg/mL)° IC5o (UM)*

pg/mL? % Mean + SEM Mean + SEM

Quercetin 0.25 53.85 53.85 0.22 +£0.00 0.73 £ 0.01
0.05 30.77 23.08

Coptisine 75 53.85 61.54 66.67 + 3.57 187.27 + 10.03
50 30.77 38.46
25 0.00 7.69

Epiberberine 75 69.23 76.92 56.48 + 1.85 168.10 £ 5.51
50 46.15 46.15
25 0.00 7.69

Groenlandicine 75 76.92 69.23 51.19 +£2.38 154.19+ 7.17
50 53.85 53.85
25 23.08 15.38

“Final concentrations of test samples were 10~50 pg/mL for the compounds, which were dissolved in 100% DMSO. *The inhibition
percentage (%) was the same as in Table I. ““The 50% inhibition concentrations (ug/mL and uM, respectively) were calculated from the
log dose inhibition curve and expressed as the mean + SEM of duplicate experiments.
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