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Effect of wine-processing on the absorption
and fingerprint of rhubarb

Pei-Dawn Lee Chao

Department of Pharmacy, China Medical College, Taichung, Taiwan, R.O.C.

ABSTRACT

This project aimed to investigate the effect of processing on rhubarb. In this
study, curde drug of rhubarb (R) was identified and processed in our laboratory
according to literature. The contents of aloe-emodin, rhein, emodin and
chrysophanol in various decoctions of rhubarb were determined by HPLC method.
The quantitation results showed that the decoction of rhubarb steamed with wine
(RSW) had the highest contents of anthragquinones, whereas those of rhubarb fried
with wine (RFW) had the least. In addition, the HPLC fingerprints of various
decoctions were established by detction at two wavelength, 220 nm and 250 nm,
respectively.

After anthraquinone determination, various decoctions were hydrolyzed with
hydrochloric acid and then assayed by HPLC method to calculate the total
glycosides of each anthraquinone. Furthermore, various decoctions were incubated
with rat fecal suspension. During incubation, the amount of each anthraquinone
significantly increased, indicating the presence of a significant amount of
correspodent glycosides. The results showed that RSW decoction can afford higher
free anthraquinones and correspodent glycosides than R and RFW decoctions.

Finally, rats were administered with various decoctions equivalent to 2 g/kg
after overnight fast. Blood was withdrawn via cardiopuncture and assayed by HPLC
method prior to and after hydrolysis with sulfatase and glucuronidase, respectively.
The results showed that the blood levels of rhein sulfates, chrysophanol sulfates
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were highest for RSW. The blood levels of anthraquinone metabolites between

rhubarb and wine-fried rhubarb were comparable.

Keywords: Rheum. palmatum, processing, wine-processing, emodin, aloe-emodin,
rhein, chrysophanol
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+ % % Rheum palmatum g R. officinale (Polygonaceae) 2. {3843 % o 7
B bz A Ropalmatum (A = e B#i 5T ;F?!xu /,,\?71;% » ¥
For o ko LA BT A AR P R RR S EE 2 (D)
JR* DB SR R R BT 0 F AN LA "1 kIR R gﬂl:—wﬁ"?@l ’
BT I T 0 SR - o L E R e i R
B A F 2 AL BFE L B FupS R o U E AR

AFRT AL FFRF C EAF A RAF R AR (8) - 4
PERYE Y 0 A SR A ERS 2 AP SRRV B
PE B AT REAAAR S A etz T Fh RRHLE s

< F 2787 1¥% 2 & Jr p > anthraquinones- 12 sennoside A, B, C, D, E, F %
rhein ¥ * & 3 > emodin ~ aloe-emodin =t 2_ o FLFF* 2. 1 B jE A o 7
anthraquinones > & ¢ rhein ~ emodin ~ aloe-emodin & * £ 3 o § B FLd Bz E 12
= F % or rhein ¥ #41 Ehrlich *£-k ~ emodin 7 $r41] 5 ’95]1[5%' (4-6)° & #-=
R EHSREZE 0 HARRAY BES S G AeR 0 A BT AR
PATRAE L R £ & DR A -

SR ZARFEEA S REREHEAFEL MY E R BRI
A sz g (9-13) T EA S MAREF » - 27 &7 F sennosideA, B~
rhein ~ emodin ~ aloe-emodin % = & - ¥ - ® 5 p&- k{215 > & rhein ~ emodin ~
aloe-emodin & = &~ o m X 2 BTy ARt > A R AR RE 2 TR FH A
(RmdFEdY pplgsr2 78 -
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Chrysophanol ( = < fi= ) ~ rhein ( * § p&) % 2-methylanthraquinone pi-p
Aldrich Chemical Company Inc. (USA) - Emodin ( <= % % ) ptp Carl Roth -
Aloe-emodin (i § ~ % % ) % tetraglycol &5 Sigma Chemical Company (St
Louis MO » U.S.A.) - Dmethylsulfoxide (DMSO) % sodium hydroxide B p
Merck Company ( Germany ) - Potassium dihydrogenphosphate F#p Wako Pure
Chemical Industries, Ltd. ( Osaka, Japan ) - Phosphoric acid Fp Riedel-deHaen

(Germany ) - Acetonitrile ~ methyl alcohol % ethyl acetate (HPLC grade ) p#p
Mallinckrodt Baker Inc. (NJ, U.S.A.; LC Grade) -
water -k % %gl:3 (Millipore Bedford - MA » USA) »

(=) &5
Sprague-Dawley + v &
() x5 &H
Gd % b WEROLGF TP ok
- EHp T
o R
(=) 2R EHARET
TR E
% T P ARl RS ER
2.7 % Rl 2 31T 2

-n\j,

= =& Z4-kd Milli-Q plus

FI* £ Bk 7 4 7 (Transverse section TS ) ~
(Radial longitudinal section T.L.S.) % » *»3~iT 10y 2.
# + > 2L chloral hydrate solution ;j’g'-"ér‘ LN S 7& FAEFEA A
£ 7| > 4 phloroglucinol solution £ hydrochloric acid & {7 it & J& » & /f

4v sudan I solution :& {7 ﬂ\ﬁil“ R Al

b
s};ﬁ rgé‘l B3 ;\ 3?‘

Schultze's &2 KOH maceration

method #4141 = r2fzde » & {5 12 glycerin-water (1:1) 2 &3 % ¥k %8 31
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BT RERE oMo ko B RS f BiES 10
/J‘E%J‘/"_l' ’J‘jé‘g_kyrl\,35mm}§_u,B"—/\Jt-‘fﬂ’|}40c,'t. —_—AL} EO

R 1Y

LS LY ¥a It %;ﬁw\ LS 2 A
&= L1
g% #%E-k1L-

40 Cicr g B2z = 100g <~ § ¥ 7. 4‘3‘]10
ot F

B4 L F 0 f—ﬁl ,ﬁgg;;ﬁcaf;:g@,ﬁ%%‘@lgg%ga .
BEEIP Mafi,% 5 P BN > 1 A0CEEIEE Bl 0 B
100g « 5 %+ % F iR (SATFS ¢ R ) 30g-

REAZ LK 2 K A7 Bl

AAF PR F RAFEHES L £ 4 200mL ok
NERTEEe b LR i%‘uﬁfé v BT Efﬁ: feh L Bt 0 B N A
AL LU LR D AR 2 B0 mL s BBk #A RS L kR

NP A A F A B A F kA 300uL 0 £ A 4 r TO0uL ®
B R AT R RESS 1198609 B 15 A4 B A b iR
AT R BE RS 0 B 20 L /g2 ~ HPLC %~ 47 -

KF A4 s B2 2
n

R R 2 A A i

& 47 ¢ : Cosmosil 5C18-ARTI > 5 m > 4.6 x 250 ID mm
#% B 4p © CH3CN---A 0.1% H3PO,---B

Time A B
0 17 83
30 28 72
60 80 20
70 17 83

pied # 0.7 mL/min
¥ RlAE - 220nm 250 nm
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AR A R FEERFEH L 1590 & f e 300mL ko
WEERTRERE LS AR ERER R VA BERE ) VR I HA
w2 b330 mL o A $iEig 0 FAES o £ ok z s 3 30 mL » q1d HPLC
i& 7 aloe-emodin ~ rhein ~ emodin % chrysophanol % = & z2_ 2 & & 47 °

2. kER2ZEHN

P atpe 43 kR 5 0.5 mg/mL 2z aloe-emodin ~ rhein ~ emodin -
chrysophanol » % jE & % 0.05 mg/mL 2z 2-Methyanthraquinone B33 /% %
EAREREERR AR -

PR e R P RET ERRR o LY AR
aloe-emodin #2322 k& 5 1.2~25~5.0+10.0~20.0+~40.0 2 500
g/mL > rhein % 6.2~12.5~25.0~50.0~100.0 ~ 150.0 2 200.0 ¢ g/mL > emodin
%12~25-50-~10.0~20.0~40.0 2 50.0 29/ mL - chrysophanol 3 1.2 ~
25-+5.0~10.0~20.0~40.0 2 50.0xg/mL > 2-Methylanthraquinone % 5.0
pg/mbo 2@ 20 L 5 HPLC A 4915 » #r BB 589 R 2 9 G f v
@’?ﬂ§%$w~k§@ﬁ£ﬁﬂw REE L2 HERD AT

3. BrikAn k47 ik (HPLC) 2 & 47i% i
& +7 ¢ : Cosmosil 5C18-ARTI > 5 m » 4.6 x 250 ID mm
##4p ¢ CH3CN---A 0.1% H3PO4---B

Time A B
0 50 50
10 60 40
15 85 15
20 85 15
25 50 50

i i# 0.9 mL/min
gl £ 250 nm
p g & 5. 0 2-Methylanthraquinone (50.0 ¢ g/mL )
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ﬂ’% SR B F ok EpA ¢ aloe-emodin s rhein ~ emodin ~ chrysophanol
TE AT

PR A 15mL s e r ImL g AR 7 ARR % (50 g/mL) > v @ R 2
L 10mL=FREHSS > s 16 448 (9,860g) 0 B~H bk 0 ik
PCERE (0450m) EiRis 0 B~ 20 L Jaikii » HPLC A 47 0 ik & ¢
aloe-emodin ~ rhein ~ emodin # chrysophanol & ph &2 2_ jd 4% & Ffvv @ %~
Az ERS AN KD E Y aloe-emodin ~ rhein ~ emodin %

chrysophanol 2. 7 & -

5.2 X% ~Fs % ~B~ w-kE A aloe-emodin ~rhein ~ emodin ~ chrysophanol

pepbil L B A4
(1) 245 ~®AF 22 5k pale ke
AP 25 Mg 2 ffok AR AT RR ¢ BRI Y 0 e ImL 2
kE A E 40 ImMLL2N BfeipiR 0 & A E RIS 15 B0ks
Sp 11 80°C e # 30 A 4EE 4 ] PRIS > Bl b o

PR #1522 K F R L5 mL> 4e » 0.5mL PR3 ARA R (50.0
wglmbL) > m? e 33 5mb &iFREBS > 4w 15 445 (9,8609)
BPoH b i ST B ® (045 um) i ts 0 P~ 20 L igikii » HPLC
& F7 0 114 &-# aloe- emodin ~ rhein ~ emodin % chrysophanol £2 p & % 2_
AERFESE L2 KER AN RO REEKR ST
aloe-emodin - rhein ~ emodin % chrysophanol 2_ 3%, 7 & - S K& ¢
Kigw e 2§ 42 22548 aloe-emodin ~ rhein ~ emodin % chrysophanol >
W e HpepEt2 7 & o # ¢ chrysophanol -k % 30 4 482 oK ) &g {7 fe
pEE 2 & o aloe-emodln ~ rhein ~ emodin 14 k% 4 - BF2_ R &R 5 R EE

T E o

6. & 17 % BLE 3 JE 2 FEAT

(1) # =% & (Precision)

#-7% Fe )k & 2. aloe-emodin ~ rhein ~emodin % chrysophanol % # % % »
HEPPAESE BRZBFZ P2 B RF LA KT RIS EATLE
BOofEE R O AR S FE R A2 REE DR RIERE £ A
b kH TioE (mean) ~ &% % £ (standard deviation, S.D.) % % 3 %k

( coefficient of variation, C.V.) °
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(2) &#cR (Sensitivity )

#- aloe-emodin ~ rhein ~emodin % chrysophanol % # 5k & - £ ﬁrﬁ ’
EIXH g B B 3 2 kR 5 HE WP (LOD, Limit of
detection ) o

(3) #rr (Accuracy)

ZHEXFPPRE B PRERRTETLEEREE P ER T2 ApHE
£ (relativeerror) % 7+ 2 -
(4) w4z % (Recovery)
P~ ;p| z_aloe-emodin ~ rhein ~ emodin % chrysophanol 7z # 2. ~ § -k
BoA & 15mL & = & 0 A B e x ImL poR BT Om B R
(2-Methyanthraquinone, 50.0 £ g/mL) » £ 4c » if & = f ¢ 4vjk & 2 {8
nR o Bie P EREFI I0mLRFREISS > e 15 S48
(9,860g) » #k 15 4 w47 TR » M3 B ot @2 4 Rof 11 e RE K2
‘!IE';"&_‘E:,P:‘;. ‘}'PI{H‘ o
() ML 3%
1A%z W4
PFRfe - 4 49 68045972 250mL kP o L s x 02N & F (Y4307
190mL % -k 400mL > * 02N & % i*4zxaa & pH 2 750+£0.1 {8 » 4
kT pFpalle
2.k QR WH
PARFTRRLIBPATRETITELL e 2 AR 1 113 2
WHER ARSI R RTRR S > LY E RIS E Y o
3.4 v HE QSRR WG
P~ itpe@4F k& 5 1.0 mg/mL 2 aloe-emodin ~ rhein ~ chrysophanol
2 kR 5 2.0mg/mL 2 emodin B3 0% 0 e TSR R HWHE o
P ERTRRUR 0 T BAFE R AR R 2 )k & aloe-emodin & 3.1~
6.2 ~125~25.0 ~50.0 ~ 100.0 # 200.0 £ g/mL > rhein % 6.2 ~ 125~ 25.0
50.0 ~100.0 ~200.0 2 400.0 ;zg/mL > emodin % 6.2~12.5~25.0~50.0 ~ 100.0

% 200.0 ¢ g/mL > chrysophanol % 9.4 ~ 18.8 ~37.5~75.0 ~ 150.0 2 300.0
wg/mL o

60 LiE®Aar% 540 L <~ v R {RE%R > A% L aloe-emodin
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kR 503-06-12-25-50-~10.0% 20.0 pg/mL > rhein 3 0.6 ~1.2~
25+50+10.0~20.0 2 40.0g/mL > emodin 3 0.6~12-~25-~50-10.0
% 20.0 £ g/mL - chrysophanol 3 09-19-38-~75-~15.0 2 30.0g/mL
240 g TR
4 Rz §H

A RRAEZ A0 RETHEZRRO600L 4 01N B
100uL>REEF > E 2 700 L 7 pIRiEHE 2 ¢ fae fig (40u09/mL
2-methylanthraquinone ) % B~ » # f:wg REIRRT 10451211 9,860x 0 B i#
B 15 A48 o BT fhT gk 0 * § F eREcte 0 4v» S0uL T OER 0 TR
RETBRET > R2 223318 £ - %2 9860xQ B#ape 15 445
B~ 10uL & HPLC & 47 ©

My T 2 R g IR B G E Gl 0 A R H 2 4R
%1%&@%@&@@ FBL AL TR N

5. B ATk AR K T2 AT iR 2
% %= : §7F HITACHI L-6200 pump (Japan)
¥ ek Sk 1d jpl 2 @ HITACHI L-3000 Photo Diode Array Detector (Japan )
p 615+ % ¢ SHIMADZU SIL 9A autosampler (Japan )
A 47 ¢ 4+ Cosmosil 5C18-AR Il > 5 m > 4.6 x 250 1.D. m.m.
W ¥ G MetaGuard 4.6 mm Polaris 5 ¢ Ci - A

5 # 4P 1 0.1% H3PO4--- A CH;CN ---B
Time A B
0 50 50
25 15 85
- i# 1 mbL/min

W iplA £ 1250 nm

pFRAERE 2t 2-methylanthraquinone
6. A5 k ¥LE B E 2 FEAT
(1) # =% & (precision)

#-7 Ik & 2. aloe-emodin ~ rhein ~ emodin % chrysophanol + ¢ & %

-10 -
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CHRERR AN RE T B2 AF P2 BB EREAYT
T JER 2 Mt ﬁ?" AN REFEZ 2 FRER-NZFPPNE =R
pRFEpIER A~ W RH T (mean)~ % % £ (standard deviation ;
S.D.) 3 % 8 %#c (coefficient of varation ; C.V.) o

(2) #rz R (accuracy )

M=z PPE=2XRPp RIS TELTEBEREELER 2 P
% (relativeerror ; REE.) £ 72 -
1255 " HAF 2R kAAL <8 HEQwEiTh 21 i)

B2 A CRAFZFRFARAKRE S VHPLC AR R o L B
<3 ¢ #7 7 aloe-emodin ~ rhein ~ emodin % chrysophanol ¥ = 4~ 2. 7 &
(unglmL) 4o :

Constituents 4% F BAF Vi
Aloe-emodin 18.6 19.6 10.9
Rhein 96.3 102.7 57.5
Emodin 21.3 29.5 16.4
Chrysophanol 14.0 16.9 11.9

""f n@%v_’“?:?CﬁfJ\/M%v’ "1100rpm7 ERF M F3 013
6912 % 24 | 3t a4 B 3 F > 2 WpFat - 30°C A Y B F
& # HPLC & 47 -

8. t& &4~ 11
etk kv RE QR SfELS 0 4o r 0ON B 1004 L > R &35
3£ 700pL 73R RS o e fip (4.0 wg/mL 2-methylanthraquinone )
Foo v FERTERZF 10415021 9,860x 0 F#frw 15 245 - B2 fhe
ok o % F FoeRdEcie ot r 0L P NRFARTERT R 222
AR > - %021 9860 xg By 15 248 0 B~ 10y L & HPLC 4 45 o

9. #cdy 2

B~ 10p L F i e & » HPLC & 47 > ¥4k 5@ & 17978 2. aloe-emodin ~

-11 -
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rhein ~ emodin % chrysophanol j4 ‘& & ## & | & p IR4EE 8.2 od 4% 6 ff K7
Bl‘fg’%)\ﬁﬁ %ﬁ %};‘l\’%ﬁ-ﬁ‘\‘aflp"l‘f\lg’—l—\:& \&3[“\ gilf‘]"\%%*j’
J\F}”’?"l‘ﬁrﬂv\"‘w REQRRe P02 R -

(7)) B CoIREAF S RAFEF 3 RRARMp 2 064 F
Lokfrg g i il 2 WA
(1) B-Glucuronidase ;3 ;%

B~ B -Glucuronidase (666,400 unit/g, typeB-1) 75 mg » 1 pH5.0 4 fir
AoRs R 2 50mL > pefl =k & 5 1000 unit/mL 2o BT A R 0 BT Y
_30°C ’,;g * oo

(2) Sulfatase ;3 ;%

B~ Sulfatase (20,000 unit/g, typeH-1) 259> 12 pH5.0 % #7573 %3 1% %
F350mL > pefl =k & 5 1000 unit/mL 2_ P75 3 7% > BF3-30C # * o
2. s iR R 2 WA

PR ERF AR OMT f: 18 & aloe-emodin 2% 7% 2 kR 5 08>
16-31+-6.3~125~25.0~50.0 2 1000 #g/ mL > rhein 5 7.8~15.6~31.3 ~
62.5~125.0~250.0 2 500.0 #g/mL > emodin 3 1.6~3.1-6.3~125~25.0 ~
50.0 2 100.0 iz g /mL > chrysophanol % 0.8~16-3.1-6.3~125-~25.0~50.0
% 100.0 g/mL o A =B~ 100 ¢ L b if 4873 % > 40~ 900 L % v 5 3 o
¥ aloe-emodin &k & % 0.08+0.16-0.31+0.63~1.25~2.50+5.00 2 10.00 y
g/mL - rhein 3 0.78 ~ 1.56 ~ 3.13 ~ 6.25 ~ 12.50 ~ 25.00 # 50.00 g / mL -
emodin % 0.16~0.31~0.63~1.25~2.50~5.00 2 10.00 « g/mL > chrysophanol
= 0.08~0.16 ~0.31~0.63~1.25~250+5.00 # 10.00 £ g/mL 2 x 71 %

/p ‘/l’? °

kM2 gH

B~ 100 u L s iR SRR 0 4 B0 L E AR ~ 50 u L Fofak fe (100

mg/mL ) > 3=F R E=3 > £ 0 200 L 7 p &2 (06 ug/mL,
2-Methylanthraquinone ) 2. ¢ s fig 58~ * RERFT BIRFTIH3 15> F &
o (9,8609) 15 448 > P~c fae fink % § f vR¥cfs 0 150l ¢ B
iz 320 L & HPLC A 47 ©

4. %> FH KL

(1) #

-12 -
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2 (s 103060~ 120 ~ 180 ~ 300 ~ 480 32 720 445 0 LR
W AR 0.8 mL o #e % e 4 (9,8609) 15 A 4d 0 B K i F BT
—30(:’l+f A>*%°
(1) = 3¢ aloe-emodin, rhein, emodin, chrysophanol 2 glucuronides *
sulfates 2. z_&
(a)aloe-emodin, rhein, emodin, chrysophanol | z_ glucuronides 2. z_& #~ 100
p L s it &% % 0 4e B-glucuronidase % % 50 w L (73 % pH5.0 2 % b+
% % > % [B-glucuronidase 1000 units/mL ) ~ % Fuif s e 50 u L (100
|mmm)%$§ﬁ§$p4¢mrwyﬁwcyL&Lﬁ%f4
(b) aloe-emodin, rhein, emodin, chrysophanol z_ sultates z_ @ & # 100 1 L
& iR &% R 0 4e sulfatse 73 i 50 ¢ L(7% *Y pHS.0 2. 3 7% i 0 7 sulfatase
1000 units/mL ) ~ 2 $3% o i 50 £ L (100 mg/mL) > ** 3@ g 4R i B+ o &
METS N ITC2 Rk IRT 2
it (I)N(2)F s 2 200 L 7 p 1#%22(0.6 12 g/mL, 2-Methylanthraquinone )
Lo paE R v RE BRG0S0 A des (9860g) 15 44
Bo i gk F FeRacis o 150 ¢ A fE 0 B~ 20 u L i HPLC A 45 o
(2) w57 pd f& aloe-emodin, rhein, emodin, chrysophanol 2 4 7
P~ 100 12 L s e 0% % 0 4e pHB.0 22 3 6773 % 50 1 L % Fisf it 50
(£ L100 mg/mL > *:EF 4R F B R £355 {5 > Fadpe (9,860g) 15 4
BoPe e gkt § A eRdEtE 1150l ¢ fRA R B~ 204 L i HPLC
A o
6. % kg & 47k (HPLC) 2 ~ 47152
R 47§ + Cosmosil 5C18-ART > 5 m > 4.6 x 250 ID mm

#% B 4p © CH3CN---A 0.1%H3PO,---B

-13-
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Time A B
0 55 45
10 60 40
15 85 15
20 85 15
25 55 45
e i# ¢ 1 mL/min

#pLA £ 250 nm

pE & 5 0 2-Methylanthraquinone (0.6 ¢ g/mL )
7. 45 LSRR SR 2 FENk
(1) # % A& (Precision)

#-% kR 2 aloe-emodin, rhein, emodin % chrysophanol - 71273
A A T I SR A I - e 2 L S
EE2ZIEA AN REFXDFRIERE- N2 FPRrE =R
Bk R A~ w RkHE TaE (mean)~ % % £ (standard deviation, S.D.)
3 % B % #c (coefficient of variation, C.V.) -

(2) #AtR (Sensitivity )

#- aloe-emodin, rhein, emodin % chrysophanol & & 5.k & - £ i
B H g eamz B L 3 kA 5 H fip4& 2 (LOD, Limit of
detection ) -

(3) #rrr (Accuracy)

ZEAFRPREZXBPREFRTEIEEREE L ER T 2 0
Z (relativeerror) #512 »

(4) wizF (Recovery)

#-50.0 ~25.0 ~ 5.0 £ g/mL ¥ = f& )k & 2 aloe-emodin, rhein, emodin
% chrysophanol # # &-7% ;% 2 400.0~200.0~50.0 £ g/mL = #&k & 2 rhein
Tl SRk o A4 » Z A ok? o i@ 5.0-25-05u0/mL 2
aloe-emodin, rhein, emodin % chrysophanol 2 40.0~20.0~5.0 ¢ g/mL 2z rhein
BE N CMIER EZ o R T b R R R G s E
D2 RARIER R 2 R Y E s T L m T o

-14 -
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8. Hchp A 47

i# * WINNONLIN (version 3.0; Pharsight Corp., US.A.) 3+ 5% 4 &
%4> 4% ANOVA it (7 5235 A 47 o

N ﬂ\?%\l I:T—J]j 1J

— &?{I%ﬁ l/fggbtlﬁhlm

St B SRIACBLRR (S 0 B2 Bt s s § 4 (Polygonaceae )
¥ Rheumpalmatum L. * & 5 4 % § o 2% 4o*q§] Fig.1-1 -

A- ‘%ﬁ'g

ﬁt =

R 1
= {:F’t{ﬂ/?ﬂ‘l%!

(=) 2§28

.~ Z (v
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LA TE AT Fp & W ' aloe-emodin ~ rhein ~ emodin %
chrysophanol 2 ¥ £ 41 » 2 A EBE Z B p 2 g L B3 Y $ho 2 HERER
ZRE G X (73 Sk b KL S0 2 g B AR 2 Ap M Thdice % Ao
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