Available online at www.sciencedirect.com
JOURNAL OF
S(HENCE@DIRECT’ PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

soks SRR
ELSEVIER Journal of Pharmaceutical and Biomedical Analysis 36 (2005) 995-1001
www.elsevier.com/locate/jpba

Analysis of rhubarb anthraguinones and bianthrones by
microemulsion electrokinetic chromatography

Shao-Wen Suh Pei-Chen Yeh

School of Pharmacy, College of Medicine, National Taiwan University, 1, Section 1, Jen-Ai Road, Taipei 100, Taiwan

Received 23 June 2004; received in revised form 26 August 2004; accepted 28 August 2004
Available online 20 October 2004

Abstract

Inthis work a method of microemulsion electrokinetic chromatography (MEEKC) has been developed for the analysis of nine anthraquinones
and bianthrones in rhubarb. This study employed-8istyl tartrate as oil substance to make up the microemulsion. The composition of the
microemulsion was 0.5% (w/w) di-butyl tartrate, 0.6% (w/w) SDS, 1.2% (w/w) 1-butanol and 97.7% (w/w) 10 mM sodium borate buffer,
pH of the buffer being 9.2. Acetonitrile was added to the emulsion to improve the separation. The volume ratio between the emulsion solution
and acetonitrile of an optimized separation was 70:30. With the optimized conditions all of the nine analytes were baseline-separated in peaks
of good shapes within 20 min. After validation the method was used to analyze the components in a rhubarb sample. A solid-phase extraction
procedure was employed. Five anthraquinones and two bianthrones had been detected in the sample and their amounts were determined. Th
method should be able to be used for the quantitative analysis of the main active components of rhubarb crude drugs.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Due to its high resolution, short analysis time, and low
sample and solvent consumption, capillary electrophoresis
Rhubarb is one of the oldest and best-known Chinese (CE) has become a powerful tool in natural product analysis.
herbal medicines. It is used or recommended as a laxative,Microemulsion electrokinetic chromatography (MEEKC)
antiphlogistic and hemostatic in the treatment of obstipa- is a separation mode of CE that shows similar poten-
tion, gastrointestinal indigestion, diarrhea, and jaundice tial as capillary electrochromatography (CEC) and micellar
[1-3]. This crude drug is not only officially listed in the electrokinetic chromatography (MEKC), namely the possi-
Chinese Pharmacopoeia, but also appears in the Britishbility to separate both charged and neutral solutes simul-
Pharmacopoeia and European PharmacopptB. The taneously[6,7]. Microemulsions are solutions containing
major constituents of the rhubarb material (rhizome and root nanometer-sized droplets of an immiscible liquid dispersed
part) are anthraquinone and bianthrone derivatives. Until in an aqueous buffer. The droplets are coated with a sur-
the 1950s, the free anthraquinones were considered to bdactant to reduce the surface tension between the two lig-
the constituents producing the purgative action of rhubarb. uid layers. By the addition of a short-chain alcohol the
Current evidence indicates that the major active principles surface tension of the droplet is further lowered. The oil-
are the bianthrone glycosides. in-water microemulsion systems are similar to micelles in
that they can solubilize hydrophobic compounds, but with
a much larger capacitj8]. In addition, solutes are more
mspondmg author. Tel.: +886 2 2312345x8394: easily able to pe_netrate th_e sgrface of the dr_oplet than the
fax: +886 2 23919098, surface of the micelle, which is much more rid®]. The
E-mail addressshaowen@ha.mc.ntu.edu.tw (S.-W. Sun). solvating property of the microemulsion enables resolution
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of a wide range of solutes of differing hydrophobicity propanol was purchased from Alps (Taipei, Taiwan). All of

[10]. the above reagents and solvents were of analytical or chro-
A microemulsion system is more complex than a micellar matographic grade.

system as there are more operating variables such as type and Oasis HLB SPE cartridges were purchased from Waters

concentration of the oil and co-surfactant to be treated. How- (Milford, MA, USA). The SPE procedure was performed on

ever, this might be favorable to separations because morea Waters extraction manifold system.

choices are engendered for the manipulation of optimization.

Octane is the oil most commonly used to form emulsions. 2.3. Instrument

However, there is a high surface tension between octane

and water. Although a large amount of surfactant and co- MEEKC separations were carried out on a CE system

surfactant are added to reduce the surface tension, such emukonsisting of a Lauer Labs (Emmen, The Netherlands)

sion systems did not favor the use of relatively larger amounts Prince programmable injector and a 30kV high-voltage

of organic modifiers such as methanol and acetonitrile. In supply, connected to a Dynamax (Rainin, Emeryville, CA,

MEKC, organic solvents are widely used in micellar systems USA) UV-C absorbance detector. A fused-silica capillary

to improve the separation. In our previous experiments, a vol- from Polymicro Technologies (Phoenix, AZ, USA) was

ume of 17% of acetonitrile was added to a micellar solution used. The electropherograms were recorded using an

S0 as to obtain an adequate separation of nine anthraquinon&ZChrom (Scientific Software, San Ramon, CA, USA)

and bianthrone compoundi$l]. Microemulsions prepared chromatographic data system.

with the oils of relatively low surface tension would allow the

use of a larger amount of organic modifiers without breaking 2.4. Electrophoretic conditions

the emulsion system. These oils are the organics of much

higher polarity tham-octane. Din-butyl tartrate, which is Separations were performed on a 74cm (60cm effec-

an ester compound, belongs to such oils. Aiken and Huie hadtive length)x 50pm i.d. fused-silica capillary. The new

used din-butyl tartrate as oil to separate a racemic mixture capillary was pre-conditioned prior to use by flushing

of ephedrine in an MEEKC experimejit2]. Mahuzier et al. successively with 1.0M sodium hydroxide for 10 min,

had achieved a separation of four homologous parahydrox-0.2 M sodium hydroxide for 10 min, de-ionized water for

ybenzoates with di-butyl tartrate as oil in a high-speed 10min, and running buffer for 10 min. At the beginning

analysis by MEEKC[13]. Because of the structural sim- of each experiment, the capillary was washed with 0.2 M

ilarities among the analytes to be separated in this work sodium hydroxide for 10 min followed by running buffer for

(for example, sennoside A and sennoside B are geometric10 min.

isomers) din-butyl tartrate was investigated for its capability Operating conditions were listed as follows: voltage,

to separate the complex mixture of rhubarb via an MEEKC 25KV, injection time, 4.8s (hydrodynamic, 0.725 p.s.i.

process. (50 mbar); injected volume about 5.0 nl); detection wave-

length, 270 nm; temperature, 30.

2. Experimental 2.5. Preparation of the microemulsions

2.1. Anthraquinones and bianthrones Microemulsion solution A was prepared by weighing
octane (0.81%, w/w), 1-butanol (6.61%, w/w), SDS (3.31%,
Aloe-emodin, emodin and rhein were purchased from w/w), and the sodium tetraborate aqueous buffer (10 mM, pH
Sigma (St. Louis, MO, USA). Chrysophanol was purchased 9.2) (89.27%, w/w) to an appropriate volumetric flask. Mi-
from Fluka (Buchs, Switzerland). Physcion, sennidin A and croemulsion solution B was prepared by weighingdiutyl
sennidin B were purchased from Extrasynthese (Genay,tartrate (0.5%, w/w), 1-butanol (1.2%, w/w), SDS (0.6%,
France). Sennoside A and sennoside B were provided byw/w), and sodium tetraborate aqueous buffer (10 mM, pH
Leiras Oy (Helsinki, Finland). Anthraquinone-2-carboxylic 9.2) (97.7%, w/w) to an appropriate volumetric flask. Both
acid was purchased from Aldrich (Milwaukee, WI, solutions were sonicated for 30 min to form optically trans-
USA). parent microemulsions. Various volumes of ACN were added
to microemulsion solution B.
2.2. Chemicals and SPE material
2.6. Standard preparation
n-Octane, 1-butanol, acetic acid, sodium hydrogen car-
bonate and tetrahydrofuran were purchased from Merck Standard working solutions were prepared by dissolving
(Darmstadt, Germany). Sodium dodecyl sulfate (SDS) was the appropriate amount of anthraquinones and bianthrones in
purchased from Sigma. Di-butyl tartrate was purchased 70% ACN inwater (v/v). Concentrations of these compounds
from Aldrich. Methanol (MeOH) and acetonitrile (ACN) were as follows: aloe-emodin and emodin, 0.1480 mM;
were purchased from Mallinkrodt (Paris, KY, USA). Iso- chrysophanol, 0.1967 mM; physcion, 0.0879 mM; rhein,
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0.0704 mM; sennoside A and sennoside B, 0.0695mM,;
sennidin A and sennidin B, 0.1115 mM. Anthraquinone-2-
carboxylic acid (0.1190 mM) was used as internal standard
for quantitative analysis.

2.7. Sample preparation

2.7.1. Extraction of sample

Rhubarb Rheum officinal®aill., Polygonaceae) sample
powder (0.2 g) was ultrasonically extracted with 70% MeOH
(5 ml) for 20 min and followed by centrifugation at 15Q)
for 5min. This procedure was repeated three times. The ex-
tracts were combined together and filtered through a @m5
filter (Millipore, Bedford, MA, USA). One millilitre of this
solution was dried by vacuum and the residue was dissolved
in 2.4 ml of 70% ACN for injection.

2.7.2. SPE procedure

Ten millilitre of the 70% methanolic extract from Sec-
tion 2.7.1was rotavaporated to remove the solvent and the
residue was dissolved in a 25% MeOH (20 ml). An Oasis
HLB SPE cartridge (capacity 1 ml; 30 mg) was conditioned
with 1 ml of MeOH and then 1 ml of water. After condi-
tioning, 1 ml of the above 25% MeOH solution was loaded
onto the cartridge. The glycosidic bianthrones (including

sennoside A and sennoside B) were collected in the tubes

as fraction A during the elution with 1 ml of 35% MeOH
in 20mM NaHCQ. The cartridge was then washed suc-
cessively with 1 ml of 20 mM acetic acid and 1 ml of 65%
MeOH. Afterwards, the non-glycosidic anthraquinones (in-
cluding aloe-emodin, chrysophanol, emodin, physcion and
rhein) were collected in the tubes as fraction B during the
elution with 1 ml of 95% ACN. The vacuum pressure was
kept at 2 mmHg during the loading step. In other steps, it was
kept at 5 mmHg. Fractions A and B were rotavaporated. In-
ternal standard (anthraquinone-2-carboxylic acid dissolved
in 70% ACN) was added to the residue of fraction A and
70% ACN was added to make the volume to 1.5ml. This
was termed sample solution A. The same internal standar
was added to the residue of fraction B and 70% ACN was

added to make the volume to 0.35 ml. This was termed sample

solution B.

2.8. Calculation of effective mobility

The effective mobilities of the analytes were calculated
according to the following equatidi4]:

(1 1)ZL
Meff = -~

to tr) V
where ueff is the effective mobility of the analytdy the
migration time of the electroosmotic flow the migra-
tion time of the analyte| the capillary length to the de-
tector, L the total length of the capillaryy the applied
voltage.
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R, R,
1. Physcion CH; OCH; OH O OH
2. Chrysophanol CH; H
3. Aloe-emodin  CH,OH H
6. Emodin CH; OH 7. Sennidin B (10-10' meso)
9. Rhein COOH H 8. Sennidin A (10-10' trans)

OH

OH
4, Sennoside B (10-10' meso)
5. Sennoside A (10-10' trans)

Fig. 1. Structures of the anthraquinones and bianthrones analyzed.

3. Results and discussion
3.1. Method development
The structures of the nine rhubarb anthraquinones and

bianthrones analyzed in this work are showRiig. L. Among
these analytes aloe-emodin, chrysophanol, emodin, physcion

dand rhein are free anthraquinones (‘free’ means ‘not binding

with sugars’); sennidin A and sennidin B are free bianthrones;
while sennoside A and sennoside B are bianthrone glycosides
(each binding with two glucoses). Sennidin A and sennidin
B are geometric isomers. They are approximately as twice
in molecular weight as the free anthraquinones. Sennoside
A and sennoside B are sennidin A and sennidin B bonded
with two glucoses, respectively. They are also geometric iso-
mers and much more polar than sennidin A and sennidin B.
The above nine compounds therefore cover a wide range of
lipophilicity and molecular size. Because the solvating prop-
erty of the microemulsions enables resolution of awide range
of solutes of differing hydrophobicities as stated befdfy,
MEEKC was therefore applied for the separation of the com-
plex mixture of the analytes.

The composition of microemulsion most commonly used
in MEEKC wasn-octane 0.81% (w/w), SDS 3.31% (w/w)
and 1-butanol 6.61% (w/w), as proposed by Wat#t&i.
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Fig. 2. Electropherogram of the anthraquinone and bianthrone analytes. Fig. 3. Electropherogram of the anthraquinone and bianthrone analytes.
Fused-silica capillary 74 cm 50pum i.d., 60 cm detection length; 0.81%  0.5% (w/w) din-butyl tartrate, 0.6% (w/w) SDS, 1.2% (w/w) 1-butanol
(w/w) n-octane, 3.31% (w/w) SDS, 6.61% (w/w) 1-butanol and 89.27% and 97.7% (w/w) 10 mM N#B4O- buffer, pH 9.2. Other conditions are as
(w/w) 10 mM Na&B4O7 buffer, pH 9.2; 25kV; 30C; 270 nm; injection, described irFig. 2

0.725 p.s.i. (50 mbar), 4.8 s; sample dissolved in 70% ACN.

di-n-butyl tartrate was chosen as the oil to make up the
Using this kind of microemulsion the electropherogram ob- Microémulsion. In the beginning the microemulsion system
tained for the nine analytes is shownfiig. 2 In this figure ~ cOmPposed of 0.5% (w/w) di-butyl tartrate, 0.6% (w/w)
some of the peaks are not well separated and the baselinePS: 1.2% (w/w) 1-butanol and 97.7% (w/w) 10 mM sodium
is not sufficiently flat. Besides, the peak heights of the ana- tétraborate was tested, according to that used by Aiken and
lytes are too low with respect to their concentrations injected. Huie[12]. This microemulsion system was §tabl¢ for Week§
Among the nine tested analytes, physcion and chrysophano€Ven months. The electropherogram obtained is shown in

(compounds 1 and 2) are the most lipophilic. They are read- F19- 3 In this Figure, the nine analytes were separated
ily solubilized in the oil drops and thus retained much more Notwithstanding some overlapping of peaks. However, the

than the other compounds. In contrast, sennosides A and BP€@k shapes of compounds 1 and 2 were unacceptable. Under

(compounds 4 and 5) are most hydrophilic and thus migrate SUCh circumstances various volumes (0-40%) of MeOH,
far in front of the other analytes. isopropanol, tetrahydrofuran and ACN were added to the

Long-chained aliphatic alkanes suchraectane and-

25

heptane have a much stronger surface tension when mixed S-S
with the aqueous buffers. A large amount of surfactant is re- 1 ——-v-——  Aoe-emodin

. e e . . P T LT ——=kF-=--  Sennoside B
quired to diminish the surface tension so that the microemul- —-B—  Somnosice A

—+={=:=—  Emodin
— —4@——  SennidinB
Sennidin A

sion drops could be formed. These microemulsion systems
possess a high stability and a good reproducibility. How-
ever, the amount of organic solvent that could be added to
the buffer is relatively limited for them. In our experiments,
the maximum amount of addition of MeOH and ACN to the
microemulsion system-octane 0.81% (w/w), SDS 3.31%
(w/w) and 1-butanol 6.61% (w/w) was about 12 and 6% (v/v),
respectively. MeOH and ACN were added in various amounts
within these limits but little improvement in separation of the
analytes was observed.

Aiken and Huie used di-butyl tartrate as oil in a
microemulsion system to separate enantiomers of ephedrine

........

1.5 1

1.0 ==

effective mobility/m2s™1v-1
(x1076)

[
3}
s

[12]. Hu and co-workers employed ethyl acetate as oil in 0.0 T 1 = B %
another microemulsion system to separate anthraquinone o
compoundg16]. Unlike the long-chained aliphatic alkanes, Vol. % of acetonitrile added

di-n-butyl tartrate and ethyl acetate might be characterized

. . . : Fig. 4. Mobility changes of the anthraquinones and bianthrones with ace-
as the oils having much less surface tension, which allows tonitrile %. 0.5% (wiw) dibutyle-tartrate, 0.6% (wiw) SDS, 1.2% (wiw)

the organic modifiers to be added in a much larger amount ; ptanol and 97.7% (wiw) 10 mM NB4O; buffer, pH 9.2, 0-40% (v/v)
to a microemulsion system. In this experiment the liquid ACN. Other conditions are as describedy. 2
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a Compounds Conc. added  Conc. found Recoveries (%)
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30] N . Physcion 5 09 99.81+ 3.98
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Fig. 5. Electropherogram of the anthraquinone and bianthrone analytes ob-
tained with optimum MEEKC separation conditions. 0.5% (w/whediuty! o 19
tartrate, 0.6% (w/w) SDS, 1.2% (w/w) 1-butanol and 97.7% (w/w) 10mM ;
NayB4Oy7 buffer, pH 9.2, 30% (v/v) ACN. Other conditions are as described 0.5
in Fig. 2

0.04

buffer. Results showed that ACN gave the largest change
in selectivity. Migration orders of physcion, chrysophanol
and aloe-emodin (compounds 1, 2 and 3, respectively)
change greatly following the addition of ACNFig. 4). N 7
Among the nine tested analytes, physcion, chrysophanolanc  ° 3 10 13
aloe-emodin are the three compounds with larger lipophilic- Minutes

ities. Without ACN m.the buffer, t.hese three compounds Fig. 6. Electropherogram of the anthraquinone and bianthrone analytes
showed the largest affinity for the oil drops. When ACN was gptained with optimum MEKC separation conditions. Fused-silica capil-
added to the buffer these three compounds started enteringary 72 cmx 50um i.d., 60 cm detection length; 15 mM BB4O7/15 mM

into the aqueous phase. As the ACN percentage is greateNaHPQ;, 30mM sodium deoxycholic acid, pH 8.6 and ACN 17% (v/v);
than 23%, they migrate as fast as to overtake the other Six28 kV; 30°C; 270 nm; injection, 50 mbar, 4.8 s; sample dissolved in 70%
compounds. This phenomenon has also been observed inthe ™~

previous experiments carried out with MEKC1]. Emodin sharp contrast with the electropherograrfiig. 2 these three
(compound 6) behaved in a somewhat similar way; in the peaks are much narrower and highly symmetrical.

absence of ACN it migrated behind sennidin B, sennidin A

and rhein (compounds 7-9); however, following the addition 3.2. Method validation

of a little ACN (below 5%) it moved in front of them.

According to the result shown ifig. 4, the optimum Run-to-run repeatabilityn(=8) and day-to-day repro-
conditions for separation of the nine compounds was deter-ducibility (n=3) of the method in terms of migration times
mined. With these conditions the electropherogram obtainedwere within 1.28 and 2.14% relative standard deviation
is shown inFig. 5. In this figure, the nine compounds are well (R.S.D.), respectively. Run-to-run repeatability and day-to-
separated from one another. The first three peaks are due telay reproducibility of peak-area ratios (with respect to inter-
physcion, chrysophanol and aloe-emodin, respectively. In anal standard, anthragquinone-2-carcoxylic acid) were within

Table 1

Linear relationships between peak-area ratios and concentragigfmlj, and limit of detection (LOD) for the anthraquinones and bianthrones
Compounds Linear rangg@.¢/ml) Intercept Slope ra LOD (wg/ml)
Physcion 5-20 P3x 1072 1.94x 1072 0.9996 0.42
Chrysophanol 5-40 .83%x 1078 1.24x 1072 0.9948 0.48
Aloe-emodin 5-40 B9x 103 1.49x 1072 0.9997 0.50
Sennoside B 5-60 2A3x 1073 0.78x 1072 0.9998 0.96
Sennoside A 10-80 84x 1073 0.83x 1072 0.9984 0.73
Emodin 5-40 —5.98x 1073 2.12x 1072 0.9998 0.52

Rhein 10-40 —7.39x 1073 2.67x 1072 0.9968 0.72

a Correlation coefficient.
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2.21 and 4.01% (R.S.D.), respectively. These were tested atsolution was made with a 30 mM sodium deoxycholate (SDC)
the lowest concentration level of each calibration curve, i.e. in a 30 mM borate/phosphate buffer (pH 8.6). Acetonitrile
physcion, chrysophanol, aloe-emodin, emodin and sennosidevas added to the solution in 17%. ComparisoRigk. 5and 6

B at 5pg/ml, sennoside A and rhein at §@/ml. Linearity shows that the plate number and peak shape of compound 7 in
was assessed by preparing five different concentrations ofMEKC separation is well below that in MEEKC separation.
standard solutions and measuring the relative responses (wittResults of reproducibility and accuracy were similar between
respect to internal standard) at each concentration level. Thethe two separations.

ranges of linearity and the regression lines along with the

limits of detection (LOD, S/N =3) are listed ifable 1 The 3.4. Determination of anthraquinones and bianthrones
accuracy of the method was determined by adding a suitablein the rhubarb sample

amount of standard to sample solutions A and B and the re-

coveries were calculated. The recoveries are listd@ie 2 Optimized separation conditions were used to analyze the

and they are found within 96—-105%. crude extract from the rhizome part of the pl&fteum offici-
naleBaill. (Section2.7.]). All the nine analytes had been de-

3.3. Comparison with MEKC tected except the two non-glycosidic bianthrones, sennidin A

and sennidin B. However, co-migration of other constituents

The electropherogram shown ilg. 6 was obtained ina  of the extract with the analytes, especially for compounds
previous experiment carried out with an MEKC system for 1, 2 and 9 (physcion, chrysophanol and rhein) occurred
the separation of the same nine anahftey. The micellar (Fig. 7a). On account of the accuracy in quantification, these

5. 3

45 3.0]

401 2.5{ E

35} 20 2

3.04 n 1.5{

wv

m s m ol
v A%

204 0.5]

15 < 0.0{ <«

i (=2
1.04 ‘l' 05
Y M
05 Y 3 -10]
0 15
(] 10 15 20 5 10 15 20

(a) Minutes (b) Minutes

4.0{

ISTD

35

3.0

25

<B

(c) Minutes

Fig. 7. Electropherograms obtained from (a) crude extract, (b) sample solution A and (c) sample solution B of a rhubarb crijieofficigaleBaill.).
Separation conditions are as describe#imn 5.
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Table 3 drops and water, a kind of oil having much less lipophilicity
_Content_s of anthraquinones and bianthraones in a rhubarb sarmiti¢- thann-octane, i.e. din-butyl tartrate, was used. With this oil-
inale Baill.) (n=3) substance organic solvent could be added in a larger amount
Compounds Content (Mg/g)  tg the buffer for the optimization of separation. Acetonitrile of
Physcion 0.14:0.01 30% was found to give an optimum separation. Using the op-
Chrysophanol 0.72 0.04 timized conditions nine anthraquinones and bianthrones were
ég’:r;ggi‘gg'g 05'.68%{ 8:2}1 completely separated with good peak shapes. Their amounts
Sennoside A 13.68 0.09 in arrhubarb sample were determined after an SPE treatment.
Emodin 0.35+ 0.01 Like the MEKC method previously developed in this labora-
Rhein 2.36+ 0.02 tory [12], this work also provides a method suitable for the

analysis of rhubarb crude drugs in their quality control as

interfering species must be removed or separated from thewell as in their evaluations.
analytes.

SPE procedure was applied for this purpose (Section
2.7.2. Because of the differences in lipophilicity between Acknowledgements
the glycosidic bianthrones and free (non-glycosidic) an-
thraquinones, two fractions were collected from the SPE  The authors would like to thank the National Science
treatment of the crude extract. Fraction A was obtained by €ouncil of the Republic of China for its financial support
eluting the cartridge with alkaline bicarbonate to dissolve (NSC 91-2320-B-002-135).
sennosides A and B that carried two carboxyl groups. Before
the last eluting step with 95% ACN to obtain fraction B,
some interfering substances must be removed. This wasReferences
accomplished by two washing steps, the first using an _ _ o _
aqueous acid (20mM acetic acid) to bring the material % Y/Y;r;?gée(ﬁinE.ffﬁZSQfg ciggfsng;usgss_g;SPlant Origin, Springer-
back to neutral, the second using a 65% MeOH to remove 5 ¢ A Newall, L.A. Anderson, J.D. Phillipson, Herbal Medicines, The
the interfering substances. Fraction A and B, as described  pharmaceutical Press, London, 1996, p. 228.
in Section2.7.2 were taken to determine the content of [3] K.C. Huang, The Pharmacology of Chinese Herbs, CRC Press, Boca
the respective anthraquinone and bianthrone analytes in  Raton, FL, 1993, p. 185. . _
a powdered sample of rhubarRieum officinaleBaill.). [4] ﬁr::ltr; P&"’:{S{‘;‘:(’fgg""'plﬁsid” Stationery Office, Department of
The electropherograms acquired from the two fractions [5] Europe:an Phar’r'nacop’oeia, third ed., European Department for the
are shown inFig. 7b and c. It is observed that fraction A Quality of Medicines, Council of Europe, Strasbourg, 1997, p. 1441.
contains only the glycosidic bianthrones—sennosides A and [6] K.D. Altria, P.-E. Mahuzier, B. Clark, Electrophoresis 24 (2003)
B; while the five non-glycosidic free anthraquinones reside 315-324. .
in fraction B. Recoveries of the compounds for the SPE g} |(\:/|'.\g: 'gﬁ;”rm’E[')‘?Cot.mg:g:s:izZglgogs;])aﬁsg;j?ﬁécm_ o M
procedure were tested and they were all greater than 97.5% croemulsions, American Chemical Society, Washington, DC, 1985,
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