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3 deolal 54 EFor FHHFoH ARl Aol B sAAEe g E ol F
of Wt myedo] gl JrcrlE Aol Bk g REM LIS el S
719 ARGl 1 ~ 2 dol3 Zow Al HelZo] gy BREHE glon 4
A roll = HH7Fo] gt
-l R 3
ILH‘|”“|‘,”il”“\‘,“|\“'?i“"‘1”"|[”‘l"‘||[""‘”‘ﬂ)"‘““"\‘;”I”“pj”““ilfj”\””im T (e
Fig.1 %A (23 : SFAASHAAHAA)
2. 714
F, B, due) TAAE vnG A% okdl ol thehniek
Tablel. KP11, CP2015, JP16 official compendium
T Aot 714 FF7IE
. sennoside A 0.25 % ©]4,
Rheum pa]matum Lll’lné, aloe  emodin-8-O-B-glc
KP11 Rhei Radix et Rhizoma Rheum tanguticum Maximowicz ex Balf. + emodin + rhein +

Rheum officinale Baillon

chrysophanol + physion
o] g 15% ol

Rheum palmatum L

CP2015 Rhei Radix et Rhizoma FRheumta nguticum Maxim.

Rheum officinale Baill.

ex Balf,

sennoside A 0.25 % ©]4,
emodin—-8-O-B-glc

+

aloe

+ rhein +

emodin
chrysophanol + physion

o] & 15% ol%

Rheum palmatum Linné,

Rheum tanguticum Maximowicz ex Balf.

JP16  Rhei Rhizoma

Rheum officinale Baillon

Rheum coreanum Nakai

sennoside A 0.25 %

o] At
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Table2. Sample information

Ay o 7144 &5 2R KR
Rheum palmatum L.
o 3¢ Rheum tanguticum Maxim. Sk Ak e
Rheum officinale Baillon

4.t FE22 A=
Ko

& 4.7 kg= WgFE= 80CoA 3¥ &7 FE3to] U FE=5 AXsAh

& 4.7 kgoll Wgt&S 7Fste] 80ToA 3H &7 F
0~45TCelAl 7S =53t WMeE& 5= 35 A -
Lol @& A7l % hexane, EtOAc ¥ BuOH=E +x1zow RIsigc 72 23255

533o] hexane T8%E&E (32 g), EtOAc 3 E (112 g), BuOH &3 &% (208 g) ¥

HO £38 &S 22t} Hexane #3E S column chromatography< ©]-&3le] 7702 Al
Bgog Yr<d L R

a1, ThA] silica gel columng o] &3te] 2719 3 ES
EtOAc #3E2S column chromatographys ©]&3te] 2709 A& o=z Y,
silica gel column ¥ HPLCE o|&3te] 9719 =S 83t BuOH &3 =&

LH-20& o] &3to] 7719 AlEgoz ¥, silica gel columns o] &3ste] 670 &}



CH2HRhei Radix et Rhizoma) 4.7 kg
‘ 80 °C reflux

MeOH extract 3.5 kg
‘ Suspended with HzO

Hex (32 g)

EtOAc (112 g)

.

BuCH (208 qg)

LH-20

E1 E2
<o zzoom | |
Siagei caueTi 81 B2 B3
3 4 5

E21 E22 E23 E24 E25 E26

Tocagat couem

Dicagel coin
[

HPLC HPLC

scheme 1. H18 & 8 ¥ B3I =

HzO



T 2 %

Table3. Component segregation status

E44 2% (mg) "1
chrysophanol (1) M -
physcion (2) 402 -
desoxrhapontincin (3) 602 -
rhaponticin (4) 650 -
resveratrol (5) 400 -
desoxyrhapontigenin (6) 962 -
emodin (7) 350 BN AE 25734
rhapontigenin (8) 204 AN HE, a5
chrysophanol-8-O- G-glc (9) 320 -
piracetannol-3'-O- G-glc (10) 306 -
piceid (11) 5 -
e—Viniferin (12) 2 -
ampelopsin B (13) 3 -
Isorhaponticin (14) 402 -
emodin-8-O0-GB-glc (15) 9 = AE &
aloe emodin-8-0-G-glc (16) 102 -
2-Methoxy-stypandrone (17) 50 -
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Tabled4. Chemical structure

FZ

3l3E" (compound number)

OH

Oo
I
'o
Q

I

<

chrysophanol (1)

(0]
OH O OH
O‘O physcion (2)
HsC OCH

desoxrhapontincin (3)

rhaponticin (4)

o~ OH
OH
HO N O
O resveratrol (5)
OH
O.
CHs;
HO N . .
O desoxyrhapontigenin (6)
OH
OH O OH
O‘O emodin (7)
HaC OH
(@]
OH
OH O OsCH,
HO’;@-“O O X rhapontigenin (8)
HO Y ©
HO/- OH

o
o
T

chrysophanol-8-0-5-glc (9)




piracetannol-3'-O-G-glc (10)

piceid (11)

e-viniferin (12)

ampelopsin B (13)

isorhaponticin (14)

emodin—-8-O-G-glc (15)

aloe emodin-8-0-G-glc (16)

OH
CH,
H3C
HoC O‘ 2-methoxy—stypandrone (17)
O OH O




v, A& &8 243

o 2 HE chrysophanol (1), physcion (2), desoxrhapontincin (3), rhaponticin (4),
resveratrol  (5), desoxyrhapontigenin (6), emodin (7), rhapontigenin (8),
chrysophanol-8-0-G-glc (9), piracetannol-3'-O-G-glc (10), piceid (11), e-viniferin
(12), ampelopsin B (13), isorhaponticin (14), emodin-8-0O-F-glc (15), aloe
emodin-8-O-G-glc (16), 2-methoxy-stypandrone (17) 5 & 17719 3 FES £g3
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(2) 47427

7F. TLC A4 A

O TLC &4

30709 W3 FEAES U3 A FEZQ rhapoticing TLCHo|A ethyl acetate-
methanol-water—acetic acid &3 (100:18:2:0.1, v/v/v/v)E A/NE&m=Z HAQsA
rhapoticin< Rf ¥t 057941 F2ls 4205 YeEUAth L g3 ssE X xE4d
o] sennoside A9} 7| ethyl acetate— isopropano—water &3+l (4:4:2, v/v/v)S AN

Sl 2 AINEA S AF sennoside A= Rf #k 054004 H2A 9 whd S Yel QAT

Table.5 TLC condition

extracts Mobile phase Detection TLC plate

Ethyl acetate : MeOH : water :

(1) extract ) i Normal
o acetic acid uv .
(2) rhapoticin (Silica)
(100 : 18 - 2 : 0.1)
Ethyl acetate : isopropano :
(1) extract Y Normal
) water uv .
(2) sennoside A (Silica)
(4:4:2)

Y. HPLC 4% /M

O dF =4 333

3 AlE 100 mge FHste] w2 7R e o 29SS 4YUsiA 2ot 10 mL &
G2t~ 93 1% v/v eugenol®] HEFEEN(WEEFY) 200 ulE 7FeE & 70%
ethanol2 ¥AS APk &AS 60%F 2592 Ao FE3 3 70% ethanol=
O AARS FUEekS

Table6. The optimal condition of sample preparation

Extracting method Solvent Time
sonication 70% EtOH 60 min

_’l’l_



FZA AT 1 mLE v FAE =43 JdaAle=2x FHo 93l TechneAH(England)
o] Rdv FSC4000D 27|l A AA7|FE Sot8A T8 T2A = IAFE9
FAE A4S AGET mL G F FE=HFOE AL

| 0.1 g pulverized sample |

< added 0.2 mL 70 % EtOH

< 60 min sonication extract

| HPLC analysis (10 uL)

Fig4. Overall analytical procedures of extracts

Q@ 4=x4

Table6. HPLC analysis condition

Mobile phase A. 0.05 M phosphoric acid, B. acetonitrile—
Detector UV 280 nm
Column Optimapak C18 (250x 4.60 mm, 5 um)
Flow rate 0.45 mL/min
Column temp. 30 C
Injection volume 10 pL

Gradient (7]1%71-82], B%) 0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B

_12_



o ¥3F ZUEE 2 5

527 W3 AlmZHEH sennoside A, emodin, chrysophanol & eugenols internal
standard® 3}o] 438 th. #2423} sennoside A, emodin, chrysophanol®] #it 3§+
w2 Z+7y 3.87+4.27 mg/g, 1.25+1.23 mg/g, 4.05+3.58 mg/g= YWEISO™, Al A3
& sennoside A, emodin, chrysophanol®] &% %2 8724493 mg/goldtt. 7+ A %A
T Ao o r g% Ve JIPS A5 sennoside AE 0.016%°]H emodin

9l

FH
o,

L

FEFE Vleoer AAEYE A4S

A

chrysophanol A A o] E7lstAth. Al A EA

0.24%7F 43¢ Aoz A=A

TEciE SrECHD Soiw

|l b

Sennoside A

Rhaponticin

) sl i
orERide i_;l:_ll.ln_llill.Ll. O I |I“Iulllllll:lulmllll'"l.ll|I||

Emodin |-

"l|m..ll -a .l-l.l."llul!ll.l:l“ PR T . -]l..ll-hl-...i---llull.ullul il dnald

Chrysophanal F i

Ry T -._...u!nl..hl,_.hl - -LIIJIEII..InlIlulL.]II"I

B de N ARG aERRa s AN DE U A Ra N BRSSO R AR ER e N A AT A A KRR RE LR EL T N wu; s

Distribution of the contents of (a) sennoside A, (b) rhaponticin, {¢) emodin-gle, (d)
emodin and (e) chrysophanol for 98 rhubarb samples

Figb. Distribution of the contents
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Fig6. The content of maker compounds in the samples

_‘|3_



Tl M7t AL B4 dou LDASH PLS-DA] ¢jste] A S Al=g 2
e AT 80%eld o A e Al ok ARdEe] 75 S
M oFe] Wik Jhesteet sl

PC score plot holust, Ward s minimum variance method

a0 - ; =
- =
® o - = = & RoErEe
+ = &
o =
-+ b
= [ - o Siu"
= 2 &L
i - Cl
aon = o
g
4380 - =
aask - ¥ -

T T
LLLE (L]
BE

chigl (00, Wlanghs G2 cronw: GI and slar- G4

PCAS 21% F9 57 .
Gl AR, G2 - PYAR, 1 - ¥FRAR, GL - $AR) Clusterm.gﬂﬂ Qllﬂ- %9_} E’*

I dimansbon, LD plat by loear disciiminant function in LDA 3 dimension, Arst ihiee scores plolin FLS-DA

2
}.
?

o3 + | ww v {

-
Lo2 Lo

girgia | 1, Dianghe [ 2, croes ;3 amnd siar : 4 mirele 1, wiangle § orehs 0 dnd wiar ) d

LDAS 2% ¥ &R/ PLS-DAS] &% F2] 2%
Fig7. PCs score plot by PCA and dendrogram by Clustering
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X
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S o] g3ty BEASEA Y. 5709 marker compoundZE ©]
goto] AT Ax wHo FIre oF 93%E Yeyom, dhie] 5719 marker
compound®l] | Fd= IS FIEle] 1719 FEIIE o] &dle] EAFUS A
HEe] FgEe 100%2 YUt AR 54 LDAC o5t FElstA o4
Aow ATEHAG

score

a 5 10 15 20 25

no
circle - korea, tnangle - china, closed - comect, open : misclassification

Fig8. Score plot for discrimination of origin by LDA

X
2= A A AR 713 S testing setl.E £ o= - FEFAY. GTEUSS A 1F,
TGS A2F, FEUNFS A3, TUHFS A4ToE st TE HEEAS AF
st o, thFgt A4 BAWH S ol&ste] HluEA AT PCASH +H A4S <l
g3t BT A9 TUde B2HE by 1 99 TELS TE Y 5ol AL

ol olelgol Ui Ao WUsUth LDAS o] §3tE 4% e ¥

20354 2o Aow W
wElo] 743 overfitting)®] WSS MAS & glgdod, Adel AFE A
W oEo] BRAA thE wEsd Ha R/l b ke BAMEon wuHg
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PE score plot

holust, Ward's minimum variance method

A0 4o o

Pl
ross 3 star ;4

PCA] 2% F9 &7 THEH g% Fo EF

Fig8. Group species

circle s 1.1

ok e FF(%) 74 AA

Table7. Content of standard settings

1 and 2 score plotin LDA, 4 groups

Lo
circie - 1, wangle - 2, cross | 3, stard

LDA &% F2 &7

Compound mean SD RSD A3
sennoside A 0.387 0.427 110.3 0.016

emodin 0.125 0.123 98.6 A E7)

chrysophanol 0.405 0.358 88.5 A E7)
A AFEAZE F 0.872 0.493 56.6 0.24

_‘Ié_




A
o
ox,
i)
r U
fol
olr

o
4

AEYSe EFEE(30-100 ug/mL) ¥ ANEEF=E(6-10 pg/mL), F&ste] =
FZEE(3-10 pg/mL) % NELFZE(3-10 peg/mL), =3} EFEE(3-6 pg/ml)
Y O ESFE5E(3-6 pg/ml), RIS EFEE(3-6 pg/ml) 2 AEHSFEE(3-6

pg/mL)-& dopamine 3F#S F7HA 71t}

2
o] 70% degSF=E5Y EFE2 CCL & F5d MY 54 94 a3 U
Bl =d, AAE2 chrysophanol-8-O-Gle, emodin, rhaponticin, resveratrol,

isorhaponticin, desoxyrhaponticin® CCly % THAE 548 A A3 oA A 7tk

3949 2 AAY 24
(1) Helicobacter pylori ol tf3h at &3}
th3ke] 70% ol ©& fate] 70% o ee=EE 50 pg/ml, &4

g 3te] 70% oErEFEE 2 EF=E 247 50, 100 pg/mol Al Hpyloriztol] ojsgh &

T
o
—
()
()
—

!

~
=

=
A2
o

28-S 218} % 31, rhaponticin, rhapontigenin, piracetannol-3'-O-glc< 10 pM/ml ]l

A H. pyloriztel ot gt28-S sk

(2) Acid neutralizing capacity

70% oeEFEE 3 =F==oA de, FAZL, oF&dis, Adds, TS ALt
HS A A 71t} Emodin, resveratrol, isorhaponticin, rhaponticin, rhapontigenin,
physcion, chrysophanol-8-O-glc, desoxyrhapontigenin,
2-methoxy-4-hydroxyanthraquinone-5-O-glc, piracetannol-3'-O-glc, chrysophanol,

sennoside A, sennoside B, desoxyrhaponticin®l] A #|4Fe o] o 2] 28-S 3hu},

_‘|7_



(3) HCI - ethanol induced gastritis

70 % deEFE= 2 EFEE 500 mg/kgol A s> ZF2E 91.8, 456 %, FALS
73.2, 433 %, k&&= 495, 53.8 %, FHHF 756, 65.0 %, T 486, 71.0%

o

= gastric lesion

g L A

L)

4. 39 8% 4

%

(1) W =5=
3ol 70% dEeFE=E2 LPS 5" RAW 264.7 macrophagesel 4] NO A& <
Ak, EMSA® NF-kappaB DNA binding affinity & & #|&-S &3¢, COX-2,
INOS To| 945 HiZHIAbe] whuld S oAt

i
S
9\0
i3
au’
o
N
i
i
S
X

(2) e & 3=

th3ke] 6714 anthraquinone A€ 3}3HE % aloe-emodin, emodin, rhein ©] %< N

AA A FEHE B o chrysophanol ¥} phscion &= ¢F7Fe] NO A oA &3=
2th. 6 7}A anthraquinone 3}gHE9] iNOS, COX-2 protein &a oA &3= ol

st FUiste]l 771A stilbene A9 3% S rhaponticin, desoxyrhapontigenin,

o

e}

resveratrol,  desoxyrhaponticin  ©| NO AA o A s HgoH,
desoxyrhapontigenin ¥ desoxyrhaponticin® NF-kB <A &3¢ iINOS, COX-2

protein && oA FHE 5ty
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(3) W3te] 7| E A vl A k] in vivo FFAEAEST FEAF 50, 250 mg/kgoll A

= = B X P Xe;
FREIEHOR £ RF Hhdsith

i Wahicle Contio] !-.-Velnde Conrol

e [ eumethiasone 10 by —8— D exanmebasone 16w kg
|+ Rofficimate EYOH Ex 50 mgkg
|—.— Roffcimsie VN Ex 2590 mgkg

= . palmatinm EVOH S0 iy
i 2 ot imatir EVOH 250 g kg

. Rotangnticm EYOH 50, 250 mgikg 50 -
g a5 % e E 4
= z w a
£ -“» [ = - »0
£ T i
; b = L 3
o | =
z m z M E »
@ & =
g % % % s
E 2» § mn E m
Emw® 1_2 I 2
" 10 1
L] 1 2 kS 4 5 & T ] ] 2 3 4 5 3 7 L] 1 2 k] 4 5 &
Hour Hour Haur
7 = 1 == =
| = Ueiche Cont ol e il C omtaod r—
| == Dexamethasane 16 makn 50 —— Daxamethiasona 10 g kg = l:H %I
& | —— Ruwes eripws EWHE Ex 50 maho —o— Fueutrdlatimn ENOH Ex 50 ke LV
= | —8— Ruvmes < i EWHH Ex 250 maka g & —a— Restdidanm ENOH Ex 250 mg ki _
g - X oi () &
b s w0
£ £ v
o a5 =
E E. 42| =0|
5 =
< 3= s
3 3 S DSOS
3o g
a2
5 s E 15 W
= = o =
w ,n ==
* T [ 1 2 3 '] 5 o T
Howp Hour
Fig9. Density dependent
stelel 2] &% A 2 ok E v 7
Fde A g% A 2 okElg 3

g O

3+2 in vitrool A 5-LOX¢} hexosaminidase releaseE ] A&t ittt 3} o el F=
9] hexosaminidase release A3zl ts+ IC50+= 180.1 ug/mL= YEY, -3 3

deix] FAde Eades Fdsu. e AR T stibened &9

il

desoxyrhapontogenin ¥ resveratrols ¢ =& 594 5-LOX A 353 hexosaminidase
EuAalsS Bttt W3t anthraquinone FEAElAE emodine] 594 A
5-LOX<} hexosaminidase FH]E A3t Emodin®] hexosaminidase release®l| T

gk IC50 #2 7 uM= YERSLT

m&‘l

273

6. &St
HCT 116-xenograft nude mouse model® A chrysophanol-8-O-Glc= &% o|&4 o
= tumor e Al st k& Fold wE 3Ry 55 W3t & uE FAE
& AFEEA ekt AlF e HCT 1164 X4 chrysophanol-8-O-Gle IC50+=

9.87 mg/mL%Z, G2/M phase arrestE YEF St}
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P 0| = O b=
Physcion 2| ZH2FE 0} I
Phy=cion | =yml) Weypardie fuegind
[ I | B R L0t Jnoan
ﬁ_-ﬁ- "‘ll 1K T ——
10 gl A1 ol Y - r
el i naf & = | o Chozued mampascg
e T LR
g i A FRHRSER B
& Cloasnd campasc-d
Vyedmn (AL, 4T kD)
.. s es | EPRE A e
: P T
- S

. e |

Phiyciin

il

- |4 RHTY (TR S

| el R
{ns ki)

e ROIED | 2k

Mhegeea s ne 710 gl Physclon &0 pgimb

Figl0. Anticancer of physcion

AbgE kel MDA-MB-23141 394 physcion IC50E 15.85 mg/mLE, GO/G1
arrest®} apoptosisE EF LT}

| chrysophanol-8-0-Glc 2| i%'il+|

Antitumor effect of chrvsoohanol-8-0-Gilc

In HCT 116 graft nude model
2o -
o el o
5 Chirysophanol-8-0-6k 5wy &
HER S & ChrysopRancki-O=dk 10 mgkg
1400
2 12m0 ! e
= Y . W [37.5%)
! 1009 4 ; L ] [
i i F 3-.- e ]
ol 4 / P
T o ‘ ";
Facy = Darys after injoction
" — T T T
@ " n » =
¢ R, 00 B v emid i - e e e Rb

10 il M il
Clysatsnad & O Gl _ P-actin

Figll. Anticancer of chrysophanol—B—0—-Glc
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Table8. Synthesis of compounds activity

}
50
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7. F

Al

- <+ 542011 ~ 2016)%F RaE =<

e

T 5%

B

H.
i

EE:

F2U8

Lipoxygenase Inhibitory Constituents

from Rhubarh. (53 3)

Lipoxygenase # &4 &

The Effects of Rheum palmatum L.

on the Pharmacokinetic of Major

Diterpene Alkaloids of Aconitum

carmichaelii Debx. in Rats. (&

@ 4)

of
)
O

Q}Ey.

Rheum palmatum L. Attenuates

High Fat Diet-Induced

Hepatosteatosis by

AMP-Activated Protein Kinase. (3

Activating

273 5)

5y

Deoxyrhapontigenin, a Natural
Stilbene Derivative Isolated From
Rheum L.
Endoplasmic  Reticulum

Mediated  Apoptosis

Breast Cancer Cells. (F11%3 6)

undulatum Induces
Stress -

in  Human

e

Association of a Methanol Extract
of RhAeum undulatum 1. Mediated
Cell Death in AGS Cells with an
Intrinsic Apoptotic Pathway. (1%
A7)

The Apoptotic Effect of the Hexane

Extract of Rheum undulatum L. in

Oral Cancer Cells through the

Down-regulation of Specificity

Protein 1 and Survivin. (&3 8)

e A

5} o) 2} 2 survivin A &
A EALE g3}

6}01xl%}(5p1 =i}

7} o}

(el =1
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AT - AxE S o g2 3%35lo] hexane, EtOAc, BUuOHE &35 Uxr &
=

ATAY ) e FEEEZEEH 9& EtOAC % BuOH B3 &S lipoxygenase
5 A (Cs values of 26.7 and 429 g/mL)stE A2 yEPt ¥bH hexane F3 &
A& o] vreEbLFA] gk} Lipoxygenase? Asl&S =A3 Ay 1, 2, 7,9, 15
H 9] anthraquinones 33 =< Asfl&dAdo] YelA] &k er) stillbenes 3H3HE<Q 3
6, 8 12, 14¥ &= ICs = 6.7 ~ 741 uM2 As&S e s, A

Z++¢1 baicalein ¥ (+)-catechin® ICs = 3.4 uM ¥ ICs = 19.7 uM A 3f&°] e}

rlo

2 2

t}. =3 stillbenes 3T ES 1.16 ~ 464 WA ABTS #Af gz 2A8A S
Ef ot

AE 3 79 stillbenes 3} =2 lipoxygenase A& S YHEIWEZE A28
o] Zlte . (FaEd 3)

2) ti3 ¥y FEE55 HEd dAdR2olro] Esty g%

AR 12vkg e HAAA FARE gEgFEEs Foedv. Fuzi Fdd= 384
mg/kgE ATF9%9 3 Fuzi-Dahaung %< Dahuang anthraquinones< 76.8
mg/kg Folslo] ¥ w3}l aconitine (AC), mesaconitine (MC), and hypaconitine
(HC), benzoylaconine (BAC), benzoylmesaconine (BMC), benzoylhypaconine (BHC),
and aconine (ACN)E A}-&3le] UPLC Mass spectrometry methodES ©] 83}
AF+AY : AUClast of diester diterpene alkaloids (DDAs)+= 58.20, 169.78, 278.48
ngh/mL for AC, MC, and HC®] Fx= W&1FoA YElskal, Fuzi group (71.62,
183.13, 41059 ngh/mL for AC, MC, HC) Xt} SHA| vepd A& FEsjopgitt. CL/F
+ HC¢ A3 % 173.88 to 21885 mL/h AC, 433.22 to 800.21 mL/h for MC, 1150.61
to 1307.30 mL/h o = el

ZAE . Fuzi diterpene?] &ZZo|=+= & FHO IA J&FS T 54 SFuks

= =49 7 Ak FHaZd 4
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5] ©
32

M
P

AT - g3 e MeOH F% %S dichloromethane, ethyl acetate 52 &
Y3t & HPLCE o] &3} deoxyrhapontigening #2313 NMRS o] &3t %
4= st oo Adled AlxEHS dotry] o A4S AFskdv

A2z 0 oA 23k stilbene A< deoxyrhapontigenin(DR)<> autophagy 2
paraptosis H|&]E4 o2 Fibeh MEAFE S FE3HA T DR A2 el A A (ER)
A St AEe AGE Festdiedl, o2l ER ~E#~= DRSS AEgh QA

TR GAEANA s E AT Wb DRE e Aol ER 2Ed&7F #ofsh=

off

AE %k AEe] B DRY MEEA F§S ER 2Edx vhpe] AEAE &

AHH ¢ Zholl =A% ®Ho] Nonalcoholic fatty liver disease (NAFLD)®] &%t
ol S Wbl 7] wfizell Aol o e A WRhe] EshibEle] wE RPe &3
HAYUZ disf &7 9t 6573 ratsol Al &S AFFolste] E5A, x5 W
, Sled WA, IS HAHTG) 55 SAskATh

ATFAY : PCRE %319 lipogenic®t lipolysis FHAAES] T8 A AA7to =

=245t AMP-activated protein  kinase(AMPK)ZS  Western blottingE %3

-

o

acetyl-CoAE ©o]&3lo] Q4tetE S48, A9 &4 G 4 55 g9ls)
3 xS AE =248 Fo] F11 HAIEQ lipogenic A EES JATS 2l
At

A% ¢ AMPK % ACCY 14tst Sof ##S& &3 low-dose RPE FHAg FiE% o
2 G435y g5s SHFoZAN HERS HASE F+ &S glsdd. (Faed

6)

5 & FE=E AGSAHEeS] A+

A+ 0 MERLS ¢ 35 ZAbskedl AGS Alxdd o¢gst 5% MERL¥%
(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT)assays& %33}

3-
of vlEZEalole] vhSI(MMP), FhsholAl £48 alee
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8. &2

m}#

7149: stk dy Ao =  Rheum palmatum Linne, Rheum tanguticum
Maximowicz ex Balf.,, Rheum officinale BaillonE 7|92 &2 31 dEFH =
Rheum palmatum Linne, Rheum tanguticum Maximowicz ex Balf., Kheum ofiicinale

Baillon, Rheum coreanum NakaiZS 7| QA& =2 3t}

A
e anthraquinone 33%E : chrysophanol (1), physcion (2), emodin (7),

chrysophanol-8-0-6-glc (9), isorhaponticin (14), (15), aloe emodin-8-O-G-glc
(16) ol 2= At

+ dianthrone 33 & : sennoside 5°] g = 3t}

e stilbene 3FE : desoxrhapontincin  (3), rhaponticin (4), resveratrol (5),
desoxyrhapontigenin (6), rhapontigenin (8), piracetannol-3'-0O-G-glc (10), piceid

(11), e-viniferin (12), ampelopsin B (13), 2-methoxy-stypandrone (17) S°] +3g
= AT

B4

o A XA 39 anthraquinone, dianthrone, stilbene® &% T/ sennoside
A, rhaponticin (4), emodin (7), emodin-8-0-G-glc (15) & A Z =L E dAsA

o A"EA: HPLC AWM Z ol&ste] ARFE 4T dg A4S HAs)

AT

HPLC analysis condition

Mobile phase A. 0.05 M phosphoric acid, B. acetonitrile—
Detector UV 280 nm

Column Optimapak C18 (250x 4.60 mm, 5 pm)
Flow rate 0.45 mL/min

Column temp. 30 C

Injection volume 10 pL

Gradient (7]&71-82], B%) 0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B
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~ BB LS anthraquinonef- T4 o]l thE A AR O 2= sennosideo|t}. U3t

o o gel A Ak AbstAlelrl, Abst b sennoside Tt Ml ST

- Aloe-emodin< herpes simplex virus type 2, type 3, ZL2]il varicella-zoster
virus, pseudorabies virus, influenza virusell & 3}t}.

- Emodin¥} rhein<> human cytomegalovirus®l| & 38}t}.

- 3o EFEE-S hepatitis B virus polymeraseZ A 8l g+t

- W& NADH dehydrogenase®] HAAGA J4AE AT o=ZA4 Coryne
bacterium diphtheriae, Bacillussubtilis, Yersinia pestis, Salmonella typhi,
Streptococcus hemolyticus, Neisseria gonorrhea, Shigelladysenteriae 52 A3 4<

A s ekl

).

[
ook

Fat
- T

3-caroxyrhein, hydroxyaloe-emodin, hydroxy - emodin®]t}.

X
ofo

Aol s el = A2 2+ 19-dihydroxyanthraquinone %321

=5

- 39 AqEEFE=E E etherFE=E2 F57 2 Tricophyton, Epidermophyton,

Sporotrichum o &3}, &3 Staphylococcus aureus % 1 SAA HAHF

of ek FAA L ot aHE FAAZH

ol

- emodin® 7Y FoE= AFH S mummary carcinomaZ 45 % oA A6 1,
rhein ¥ emodin< murine melanomas 76 % % 73 % A&} 3T}

- rhei, emodin % aloe-emodin< murine leukemia p388< ©]2) 3k AFH o] AELS
< 7FA1# 11, Ehrlich ascite carcinoma®} leukemia L1210 & A3} th

- palmatin, crysophanein % physcionin< GA] A XEo] thal AEE5AS e

.
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N

- FAFAE

- emodin®} rhein& LPSZ §%3F iINOSe &A-& A3},

- emdine TAHAA &
SA| 71T},

8 PN 29429

(1) H3e AEHdE HE

(2) & £4 7toj=2<Ql
(3) & ARHE EEF

=
-glﬂ

oF

LR

[e)

=

& oA, obEuy ¥R
Hol o8 BE, 54EF 5
Fhol =2l
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1. SheRx] 4 %3 A AR AU aA HFH 24(2009~2011), SHeFA &
A FF3 A7 A

-

2. Rl o k(A eh)itA A

3. Ngoc TM, Minh PT, Hung TM, Thuong PT, Lee I, Min BS, Bae K.
Lipoxygenase Inhibitory Constituents from ZRhubarb. Arch Pharm Res. 2008
May;31(5):598-605.

4. L1 'Y, Li YX, Zhao M]J, Yuan A, Gong XH, Zhao M]J, Peng C. The Effects of
Rheum palmatum L. on the Pharmacokinetic of Major Diterpene Alkaloids of
Aconitum carmichaelii Debx. in Rats. Eur J Drug Metab Pharmacokinet. 2016 Jun
29.

5. Yang M, L1 X, Zeng X, Ou Z, Xue M, Gao D, Liu S, Li X, Yang S. Rheum
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L. Induces Endoplasmic Reticulum Stress - Mediated Apoptosis in Human Breast
Cancer Cells. Integr Cancer Ther. 2016 May 4.

7. Hong NR, Park HS, Ahn TS, Jung MH, Kim B]J. Association of a Methanol
Extract of FRheum undulatum L. Mediated Cell Death in AGS Cells with an
Intrinsic Apoptotic Pathway. J Pharmacopuncture. 2015 Jun;18(2):26-32.

8. Choi ES, Cho SD, Jeon JG, Cho NP. The Apoptotic Effect of the Hexane
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9. eFA A AEA (W& A
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4

ARG v ol ARt A3

0.25 % ©]%%

E43 AFEA AA
(FF71= ug / g)

2 ARED AA
(e1stas)

o

E—‘—

70
o
H
E

To
<

&2 A

;OO

Klo

~
- __OO

oo
K

;O._

i
0

x
o

o] Hoju7] o] tjgel

Ry

7+
)

Bgel ey RSol
e

sennoside A
emodin-glucoside

5133 AREL AA

[E3 1] A%

emodin

rhaponticin

M
pg
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[E3 2]

24 7}ol

=23

o) &
(Rhei Radix et Rhizoma)

th §HE 607 259E Aeste] FET thE

d | Rk 719
Rheum palmatum Linné,
th&eFd  Rhei Radix et Rhizoma | Rheum tanguticum Maximowicz ex Balf.
Rheum officinale Baillon
Rheum palmatum L
71 %23 Rhei Radix et Rhizoma | Rheumta nguticum Maxim. ex Balf, Rheum
officinale Baill.
Rheum palmatum Linné,
. . Rheum tanguticum Maximowicz ex Balf.
JXokd  Rhei Rhizoma _ ,
Rheum officinale Baillon
Rheum coreanum Nakai
i;]g sennoside A, emodin—glucoside, emodin, rhaponticin
& AR 100 mgs Hstd F2 7HFE wE vhs AHS A9 Eol 10 mL §¥EH2A
Eii of W1 1% v/v eugenol® WEEE&A(NFE-EEN) 200 ulE 713 & 70% ethanolz2 HAS AN

70% ethanol=

N Ao
(R

Detector (

q4E)

UV 280 nm

Column (&g3#)

Optimapak C18 (250x4.60 mm, 5 wum)

Flow rate (f+%) 0.45 mL/min
Column temperature (ZH@L&% 30 °C
Injection volume (FL %) 10 uL

Mobile phase (o]&A&n])

A. 0.05 M phosphoric acid, B. acetonitrile—

Gradient (7] €718, B%)

0 min, 20% B; 10 min, 20% B; 18 min, 30% B; 25 min,

0.25 %

o] A}

0.25 % °]%

total 1.5 % 9]

<

chrysophanol 3 &% 0.24 %

100% B—
S | L o sennoside A + emodin + chrysophanol
o % < o
8t 0.24 %
IAA 7FE 3} 2R 9t

KP CP JP KP
o
Al sennoside A sennoside A sennoside A, emodin,

ol
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[H3 3] ABEAHNE BEFF AZ 7tol=g<l

D sennoside A
] 93 (Rhei Rhizoma) Z%-E sennoside A &
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O A& - yellow amorphous powder

O olg -

(R*,R*)-5,5"-Bis(B-D-glucopyranosyloxy)-9,9’,10,10’ ~tetrahydro-4,4’
~dihydroxy—-10,10"-dioxo-[9,9' -bianthracene]-2,2' ~dicarboxylic acid
CAS number — 8013-11-4

Z KA — CaoHagO20 (MW 862.74)

OO O0OO0O0
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Detector (2Z) : UV 280 nm

Column (E#]3}) : Optimapak C18 (250x4.60 mm, 5 pm)
Flow rate (%) ! 0.45 mL/min

Column temperature (ZZ8L2%) : 30 °C

Injection volume (FY =) : 10 uL

Mobile phase (o]&2&m]) : A. 0.05 M phosphoric acid, B. acetonitrile—

Gradient (71271842, B%) :

0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B

(i IS
--.,i ! 4 H 5
g 3 |
K4 1001+ Eugenol
:a- - S — [T
- I ! : | ;. 1§
i) '\IL‘\-\-I'I'-I-—-‘—l-'L—-l"\-_ = -'._." LU i. |
nim ai wm ol i3 dm oa = am . = i an 1 am o mm mim rI-

Chromatograms of standard mixture and sample

1. Sennoszide

Emodin=-gluceside, 4. Emodin, 5. Chrysophanol

_34_
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[Ed 1] 7= A

[J '"H-NMR (DMSO-d6, 500 MHz)

§ Aglycone @ 11.359 (2H, s, 3-COOH, 3-COOH), 7.699 (2H, m, H-6, H-6), 7.432
(2H, d, J = 83 Hz, H-7, H-7), 7.248 (2H, d, J = 1.2 HzH-2H-2), 5014 (2H, s,
H-10, H-10); Glucose : 4764 (2H, d, J = 7.7 Hz, H-1, H-1), 3.759 and 3.161 -
3.484 (2H each, d, / = 11.3 Hz, m, H-6, H-6), 3.484 - 3.161 ppm (8H, m, H-2, H-2,
H-3, H-3, H-4, H-4, H-5, H-5)

[1 ®C-NMR (DMSO-d6, 125 MHz)

§ Aglycone : 18691 (C-9, C-9), 166.23 (3-COOH, 3-COOH), 159.49 (C-1, C-1),
158.13 (C-8, C-8), 142.96 (C-10a, C-10a), 138.78 (C-4a, C-4a), 135.88 (C-3, C-3),
13556 (C-6, C-6), 124.37 (C-8a, C-8a), 122.92 (C-5, C-5), 122.07 (C-9a, C-9a),
120.09 (C-4, C-4), 11870 (C-7, C-7), 117.04 (C-2, C-2), 54.40 (C-10, C-10);
Glucose : 104.12 (C-1, C-1), 78.04 (C-5, C-5), 75.85 (C-3, C-3), 74.07 (C-2, C-2),
70.28 (C-4, C-4), 61.34 ppm (C-6, C-6)
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[E4 2] 49 7Ad

Detector (<) @ UV 280 nm
Column (E#]3) : Optimapak C18 (250x4.60 mm, 5 pm)
Flow rate (+%) : 0.45 mL/min
Column temperature (Z9&%) : 30 °C
S

Injection volume (FY =) : 10 uL
Mobile phase (o]ZAF-&ml) : A. 0.05 M phosphoric acid, B. acetonitrile—

Gradient (7]&7]€9, B%) : 0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B

‘i 4 s M: i,S h:
1001+ Eugenal P
™ LT ; 1 |

el g AS L | A ?

HFLC clrometogram of Riwbarb sample 1001 and standard mixture.
* marker compounds : emodin—glucoside, emodin, rhaponticin
- internal standard : eugeno
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@ emodin-glucoside

] 93 (Rhei Rhizoma) 2% 8 emodin-glucoside &

LA EHRhei Rhizoma) 4.7 kg
I 80 °C reflux

MeOH extract 3.5 kg
| Suspended with H:O

H1 H2 H3

|, g :u-r g wvamr

EtOAL (112 &) 1
BuOH (208 i =
LH-20
E1 E2
12
84 BS B6 7

gt |
Mt 1] B2 s|3

]

B |
E21 E22 E23 E24 E23 E26

ot

T
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O o4& - yellow powder
O o0lg -
1,6—dihydroxy—3-methyl-8-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxym
ethyl)oxan—-2-yl]oxyanthracene—9,10—-dione

CAS number — 23313-21-5

EAA = CyHz0019 (MW 432)

ONONONONO)
o
%
|
|
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o Ok ojokEe A Madeo]del Wik ARl wel £4HS e

Detector (2Z) : UV 280 nm

Column (E#]3}) : Optimapak C18 (250x4.60 mm, 5 pm)

Flow rate (%) ! 0.45 mL/min

Column temperature (ZZ8L2%) : 30 °C

Injection volume (FY =) : 10 uL

Mobile phase (o]&2&m]) : A. 0.05 M phosphoric acid, B. acetonitrile—

Gradient (7]&7]€9, B%) : 0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B

e is
P 1415

l 1001+ Eugenol

i wi
e -
! ; |
e "L‘\-\.—l"-—-‘—--'—-l

wka i - al 03

L
A b, _n.n.-'._.'
am B o aam

oy -

ol ™
=

b-:mndin-njucn

51
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hremmatograms of standard mixture and sample. 1. Sennoside A, 2, Rhaponticin, 3.
dﬁ Emodin, 5. Chrysophanol



[Ed 1] 7= A

[ 'H-NMR (DMSO-d6, 400 MHz)

§ 7.67 (1H, br s, H-4), 752 (1H, br s, H-2), 7.06 (1H, d, J = 2.8 Hz, H-5), 6.58
(1H, d, J = 24 Hz, H-7), Glu: 463 (1H, d, J = 7.2 Hz, H-1""), 3.72 (1H, dd, J =
4.0, 10.8 Hz, H-6""), 352 (1H, m, H-3'"), 3.49 (1H, m, H-6'"), 3.48 (1H, m, H-5""),
3.43 (1H, m, H-4'"), 3.36 (1H, m, H-2"")

[1 ®C-NMR (DMSO-d6, 100 MHz)

§ 186.2 (C-9), 182.1 (C-10), 1645 (C-6), 164.2 (C-8), 158.3 (C-1), 134.3 (C-4a),
134.1 (C-10a), 1215 (C-4), 1184 (C-2), 1082 (C-5), 107.1 (C-7), 100.7 (C-1"), 77.3
(C-5"), 765 (C-3"), 734 (C-2"), 69.6 (C-4"), 60.6 (C-6")
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?:] 2] )\-'Ilﬂ 7'H1:ﬂ-

Detector (%) @ UV 280 nm

Column (#2]#) : Optimapak C18 (250x4.60 mm, 5 wm)

Flow rate (+%) ! 0.45 mL/min

Column temperature (Z28-2%) : 30 °C

Injection volume (FY %) : 10 uL

Mobile phase (o]ZAF-&ml) : A. 0.05 M phosphoric acid, B. acetonitrile—

Gradient (7]&7]€9, B%) : 0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B

- K - By,
1001+ Eugenal P
| - nlo
- : N -~
A " NS g

WE U8 W& W8 I8 ©%onm o a% R ooa =8 ueownown o

HFLC chrometogram of Rhwbarb sample 1001 mclshmdarﬂm:m

- internal standard : eugenol
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® emodin

] 3 (Rhei Rhizoma) % ¥ emodin £

C§ZHRhei Rhizema) 4.7 kg
I B0 refux

MeOH extract 3.5 kg
| Suspended with HzO

1

BuOH [208 g)
LH-20
a1 B2 B3 B4 B3 BE
1-¢p-.r-|; - traps o
1] 11
| | I S
EdS E26
HPLC HPLC
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O B3y 54
O & - yellow powder
O 0l¥ - 1,3,8-trihydroxy—-6—methylanthracene—-9,10-dione
O CAS number — 518-82-1
O 2XMA = Ci5H1005 (MW 270)
O &8l - -
O =s=8(C) -39 T
O 2=x
OH (0] OH
H;C OH
0
1 &9l
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Detector (2Z) : UV 280 nm

Column (E#]3}) : Optimapak C18 (250x4.60 mm, 5 pm)

Flow rate (%) ! 0.45 mL/min

Column temperature (ZZ8L2%) : 30 °C

Injection volume (FY =) : 10 uL

Mobile phase (o]&2&m]) : A. 0.05 M phosphoric acid, B. acetonitrile—

Gradient (7]&7]€9, B%) : 0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B

3
b e

l 1001+ Eugenol

i wi
pes — i e i
T .= 4
e "L‘\-\.—l"-—-‘—l-' S, PRI -—n.n.-'._." - i
wka i - al 03

i,
Tm Ta B A BT 05 - e e an == am [ L = rm
- e

Chromatograms of standard mixture and sample. 1. Sennoside A, 2. Rhaponticin, 3.
Enwdin-tjucnsidn,m 5. Chrysophanol
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[Ed 1] 7= A

] 'TH-NMR (DMSO-d6, 400 MHz)
§ 7.24 (1H, brs, H-4), 691 (1H, d, J = 2.0 Hz, H-5), 6.75 (1H, brs, H-2), 6.29 (1H,
d, J = 20 Hz, H-7), 247 (3H, s, 3-CH)

[] “C-NMR (DMSO-d6, 100 MHz)

§ 190.9 (C-9), 1815 (C-10), 166.0 (C-6), 165.4 (C-8), 162.4 (C-1), 1488 (C-3), 135.9
(C-10a), 133.6 (C-4a), 124.2 (C-2), 120.8 (C-4), 113.8 (C-9a), 109.6 (8a), 109.1 (C-5),
108.1 (C-7), 21.3 (3-CHy)

_45_



[E4 2] 49 7Ad

Detector (%) @ UV 280 nm

Column (#2]#) : Optimapak C18 (250x4.60 mm, 5 wm)

Flow rate (+%) ! 0.45 mL/min

Column temperature (Z28-2%) : 30 °C

Injection volume (FY %) : 10 uL

Mobile phase (o]ZAF-&ml) : A. 0.05 M phosphoric acid, B. acetonitrile—

Gradient (7]&7]€9, B%) : 0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B

k - 1]
1001+ Eugenol 2- fd ;
: | ] ]
wam e | e e : % f
i i : =k i
: '-L-Ja_.«.,..lL" i ' _”JL-I_H | il [ .WE 11 |

HFLC clrometogram of Riwbarb sample 1001 and standard mixture.
* marker compounds : sennoside A, emodin—glucoside rhaponticin
- internal standard : eugenol
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@ rhaponticin

[1 3 (Rhei Rhizoma) % ¥ rhaponticin &2

C§EHRhei Rhizoma) 4.7 kg
I B0 *C reflux
MeDH extract 3.5 kg
| Suspendad with H:O

Hex (32 g)

H1 H2 H3

|1-39|. — '- g o

Etac (112 g)

S

E1 E2
i

1

BUOH (208 g)

LH-20

F——— |
B a8t

B2 B3
'

i oo

T 1 T 71T 17 "7
.

Ez2t Edz E23 E24 Ed3 E26

[EE Ty

B e
: L HPLD HPLE
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O A& — white crystals

O 0¥ -
(2S,3R,4S,5S,6R)—2-[3—Hydroxy—5-[(E)-2—-(3—-hydroxy—4—methoxyphenyl)eth
enyl]phenoxy]-6-(hydroxymethyl)oxane—3,4,5-triol

O CAS number — 155-58-8
O XA = CyHypyO9 (MW 420)
O 8l - -
O =s=38(TC) - -
O %
OH
OH O O\CH3
Ho:é,\\o O N
HO™ ™ ©
HO/_ OH
1 &<
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=]
RUNG |

Detector (2Z) : UV 280 nm

Column (E#]3}) : Optimapak C18 (250x4.60 mm, 5 pm)

Flow rate (%) ! 0.45 mL/min

Column temperature (ZZ8L2%) : 30 °C

Injection volume (FY =) : 10 uL

Mobile phase (o]&2&m]) : A. 0.05 M phosphoric acid, B. acetonitrile—

Gradient (7]&7]€9, B%) : 0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B

T 15
i | 4 15
1 3 |
- 1 i I
l 1001+ Eugenol
o I . T e b R s
s, '-L‘\-\.—l'l'-—-‘—--'ll—-l '-l""\-l-—n"-—"\-"\-"'—"l AT . - .i.- i

Chromatograms of standard mixture and sample. 1. Sennoside A,
Emodin-gluceside, 4. Emadin, 5. Chrysophanol
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2. Rhaponticin




[Ed 1] 7= A

[ 'H-NMR (DMSO-d6, 400 MHz)

§ 744 (1H, d, J = 24 Hz, H-2'), 697 (1H, d, J = 16.4 Hz, H-a), 684 (1H, d, J =
16.4 Hz, H-B), 695 (1H, dd, J = 1.6, 6.4 Hz, H-6'), 6.89 (1H, d, J = 84 Hz, H-5'),
6.79 (1H, brs, H-2), 6.61 (1H, brs, H-6), 6.46 (1H, brs, H-4), 3.86 (4'-OCHs), Glu:
489 (1H, d, J = 7.2 Hz, H-1'"), 393 (2H, dd, J = 2.4, 12.0 Hz, H-6'"), 3.80 (1H, m,
H-3'"), 3.71 (1H, m, H-5'"), 3.48 (1H, m, H-4'"), 3.36 (1H, m, H-2"")

[1 ®C-NMR (DMSO-d6, 100 MHz)

§ 160.6 (C-3), 159.8 (C-5), 149.2 (C-4"), 147.8 (C-3'), 141.3 (C-1), 132.2 (C-1"),
130.1 (C-a), 1276 (C-), 120.3 (C-6'), 1138 (C-2'), 112.8 (C-5'), 1085 (C-6), 107.2
(C-2), 104.3 (C-4), 102.5 (C-1'"), 782 (C-5'"), 75.1 (C-2'"), 71.6 (C-4'""), 62.7 (C-6),
565 (4'-OCHs)
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[E4 2] 49 7Ad

Detector (%) @ UV 280 nm

Column (#2]#) : Optimapak C18 (250x4.60 mm, 5 wm)

Flow rate (+%) ! 0.45 mL/min

Column temperature (Z9&%) : 30 °C

Injection volume (FY =) : 10 uL

Mobile phase (o]ZAF-&ml) : A. 0.05 M phosphoric acid, B. acetonitrile—

Gradient (7]&7]€9, B%) : 0 min, 20 % B; 10 min, 20 % B; 18 min, 30 % B; 25 min, 100 % B

= J 3"
1001+ Eugenol | f455
w'im ; | 1_-;— i M, 1 i {
e R MG Iy

HPLC chromatogram of Rhubarb sammple 1001 and standard mixture.
- marker compounds : sennoside 4, emodin—glucoside, arr:odin
- internal standard : eugenol
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