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Abstract

Locational variations in the quantity of five hydroxyanthraquinone derivatives (emodin glycaidarysophanol glycoside), emodin
(3), chrysophanol4) and physcion§)) in the rhizomes oRheum emodi are described. A simple and reliable method was developed for
quantitation of compoundd<5) in the methanolic extract of rhizomes Bf emodi using reverse-phase high-performance liquid chromatog-
raphy (HPLC) with photo-diode array detector (PDA). The separation was carried out using a PfStahd®P-18e column (4.6 mm
i.d. x 250 mm, 5um) under the following conditions: acetonitrile:methanol (95:5, v/v) (solvent A) and water:acetic acid (99.9:0.1, v/v) (sol-
vent B) as mobile phase with a linear gradient elution at a flow rate of 0.8 mL/min. The detection wavelength was set at 290 nm. Regression
equation revealed a linear relationship¥ 0.9901) between the mass of hydroxyanthraquinone derivatives injected and the peak areas. The
detection limits §/N =3) ranged from 0.56 to 3.50 ng/mL and the recoveries ranged from 95.7 to 103.5% for five hydroxyanthraquinone
derivatives. Compoun2 was found in maximum quantity (up to 2.23%) in the rhizomes from all the three locatienksland Ls) while
compound was found in the least quantity (up to 0.19%).
© 2005 Published by Elsevier B.V.
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1. Introduction chronic bronchitis and asthma. RhizomesRokmodi con-
tain alarge number of hydroxyanthraquinone derivatives such
Anthraquinone pigments, including their glycosides are a as physcion, chrysophanol, emodin, aloe-emodin, rhein and
wide group of plant secondary metabolites, present in tissuetheir glycoside$4—9], which are reportedly known for vari-
of plants belonging to the different families such as Polygo- ous biological activities including anti-oxidaii0—12] cyto-
naceae, Rhamnaceae, Fabaceae, Asphodelaceae, Rubiaceaaic [13], casein kinase Il inhibitorfl4], anti-viral[15] and
and otherd1]. Rheum emodi, one of the oldest and best nephroprotective activitiegl6]. In addition, these hydrox-
known Indian herbal medicine of Polygonaceae family, is yanthraquinone derivatives are also used in preserving food
used or recommended as a purgative, stomachic, astringenstuffs[10] and in textile dyeing as safe and ecofriendly natural
and tonic as well as in certain skin diseagg8]. This herbal dyes[17,18]
medicine is also administered in biliousness, piles, lumbago, Various methods for anthraquinone derivatives iden-
tification and quantification in plant extracts have been
reported such as high-speed counter-current chromatography

ii @ﬁ?ﬁ&?ﬁgicai‘iﬁgr“%l931911' 1894 230426 (HSCCC)[19,20], micellar electrokinetic chromatography
fax: +91 1894 230433, ’ (MEC) [21], capillary zone electrophoresjg2,23], high-
E-mail address: aksinha08@rediffmail.com (A.K. Sinha). performance thin layer chromatography (HPTL@}—-26]
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OR 0 OH 2.2. Instruments and conditions

The HPLC (Waters model 600E system, Waters, Mil-
ford, MA, USA) equipped with PurospH&sStar RP-18e col-
umn (4.6 mm i.dx 250 mm, 5um, Merck, Darmstadt, Ger-
many), a photo-diode array detector (PDA) (Waters 2996),
an inline-degasser AF (Waters), a;2D loop manual injec-
tor and Waters empower software, was used for analysis
of hydroxyanthraquinone derivatives. Acetonitrile:methanol
(95:5, v/v) (solvent A) and water:acetic acid (99.9:0.1, v/v, pH
Compound R R 3.5) (solvent B) were used as mobile phase with a linear gra-
dient elution as follows: 0—15 min, 20% A; 15-25 min, 50%
Emodin glycoside (1) Gle | OH A; 25-30min, 70% A; 3040 min, 100% A; at a flow rate
of 0.8 mL/min. The detection wavelength was set at 290 nm.
The column temperature was 30, and the injection volume

Chrysophanol glycoside (2) Glc H

Emodin (3) H OH of samples was 2(L.
An ultrasonicator (Sonics, Vibra cell, ultrasound waves for
Chrysophanol (4) H H 30 min with a pulse rate of 5 s) was used for the extraction of
hydroxyanthraquinone derivative$-§) from the rhizomes
Physcion (5) H  |OCHs of R. emodi. UV-vis spectra were recorded on Analytikjena

Specord 200 spectrophotometer.
Fig. 1. Chemical structure of hydroxyanthraquinone derivati¥eS)(
2.3. Extraction and isolation of hydroxyanthraquinone
derivatives (1-5)
and most commonly used high-performance liquid chro-
matography (HPLC)12,20,27-29]However, there hasbeen  The powdered rhizomes (225 g) were extracted with three
no comprehensive study, made so far, dealing with such gfferent solvents (% 500mL each with hexane, chloro-
variational aspect based on locational differences in hydrox- torm and ethyl acetate) under ultrasonication<(80 min).
yanthraquinone derivatives present in rhizomeg afmodi The extracts were filtered and solvents were removed under
by HPLC. Hence, in the present communication, we report reqyced pressure. Concentrated extracts obtained from dif-
for the first time, a simple analytical method using HPLC ferent solvents were subjected to column chromatogra-
for quantitative determination of five hydroxyanthraquinone phy over silica gel using gradient elution method. Hexane
derivatives, namely emodin glycosidB (chrysophanol gly-  extract upon column purification with ethyl acetate—hexane
coside 2), emodin §), chrysophanol4) and physcionJ) (5:95, v/v) yielded chrysophanod) and physcion %),

(Fig. 1) andtheir locational variationsinrhizomesfoemodi  whereas chloroform extract upon column purification with
collected f_rom three different locations ((LL > a}nd L3) of ~ethyl acetate—hexane (30:70, v/v) yielded emo@n Sim-

western Himalaya. The study would be usefulin commercial jjorly, ethyl acetate extract upon column purification with
utilization ofR. emodi. methanol—chloroform (20:80, v/v) and (30:70, v/v) yielded

chrysophanol glycosid@)and emodin glycosidd], respec-
tively [26]. The purity and structure of compoundb-§)

2. Experimental were confirmed by matching their reported physio-chemical
. . (mp and co-TLC) and spectral data (NMR and UV-vis)
2.1. Materials and chemicals [13,15,20,30-32](Fig. 2. These hydroxyanthraquinone

derivatives {-5) were used as standards for HPLC analy-
The rhizomes oR. emodi were collected from three dif-  gjs.

ferent locations (k, Lo and Lg) of western Himalaya of

Himachal Pradesh, India. The rhizomes were dried under thes 4. pethod validation
gentle stream of air in the laboratory (temperaturee25°C

and relative humidity 65 5%) and powdered in an electric 2 4.7. Calibration curve

grinder. The powdered rhizomes were used for the extrac-  The stock solution (1 mg/mL) of each standard hydrox-
tion of hydroxyanthraquinone derivatives. All solvents used yanthraquinone derivatived<5) was freshly prepared in
were of analytical and HPLC grade (Merck, Mumbai, India). a mixture of methanol:acetonitrile (80:20, v/v) and desired
Ultra-pure distilled water with resistivity greater than 18M  concentrations were obtained by serial dilution for standard
was used. For samples and solvents filtration, .#Smem-  curve preparationTable 1. The calibration graphs were
brane filters (Millipore, Germany) were used, and solvents pjotted after linear regression of the peak area versus con-
were degassed prior to use. centration and both detection limits (LODs) and quantitation
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Fig. 2. UV-vis spectra of hydroxyanthraquinone derivatides) recorded with the HPLC-PDA (black line) and a spectrophotometer (dotted line).

limits (LOQs) were measured following the standard meth- the developed HPLC method. Twenty microlitres of each
ods[33]. concentration was injected into the HPLC for measuring the
percentage recovery.

2.4.2. Repeatability

The precision of the chromatographic determination for 2.5. Sample preparation
the proposed method, expressed as a relative standard devia- . )
tion (RSD), was calculated by five replicate injections ofeach _1he powdered rhizomes (1.09) &f emodi from three
compound (intra-day and inter-day). The standard solutions differentlocations (4, L> and Lg) were extracted separately

used for repeatability experiments were the same as used ifith 20 mL of methanol using an ultrasonicator (ultra-sound
the calibration curve experiment. waves used for % 10 min). Extracts were evaporated to

dryness under reduced pressure. Each obtained extract was

2.4.3. Recovery Qissolved separatgly in methanol to get 1 mg/mL conc;enftra—

For percent recovery, three sets of methanolic extract of ion and was subjected to HPLC analysis for quantitative
rhizomes oR. emodi were prepared from one ofthe locations, detérmination of hydroxyanthraquinone derivatives.
i.e. location Ly (1 mL each, 1 mg/mL). Three different con-
centrations of standard compourid®0, 40 and 6@.g/mL);
2 (60, 80 and 10@.g/mL); 3 (10, 20 and, 4@.g/mL); 4 (20,
40 and 8Qug/mL); and5 (25, 50 and 10@.g/mL) were pre- 3.1. Method development for separation of
pared. These three sets were then individually spiked with hydroxyanthraquinone derivatives (1-5)
1 mL of each hydroxyanthraquinone derivativ@ss) from
all the three spiking concentrations. The samples, to which HPLC quantitative determination for a large number of
standards were added, were pretreated and analysed usingydroxyanthraquinone derivatives froRkeum spp. is well

3. Results and discussion

Table 1

Parameters of the linearity, detection limit and quantitation limit for hydroxyanthraquinone derivatiggs (

Compound Linearity rangeug/mL) Linear equation 2 LOD (ng/mL) LOQ (wg/mL)
Emodin glycoside 20-100 y=26004% — 1557023 0.9993 0.78 0.11
Chrysophanol glycoside 60-200 y=5101xr — 69864 0.9979 0.89 0.16
Emodin 1-100 y=65718 — 263159 0.9991 0.56 0.24
Chrysophanol 10-100 y=35034 — 325578 0.9901 0.68 0.26
Physcion 25-400 y=16100 — 269319 0.9959 3.50 0.35

72 = correlation coefficient.
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Fig. 3. HPLC chromatogram of standard hydroxyanthraquinone derivatives (for HPLC conditions, see Qe&tidPeaks:1=emodin glycoside;
2 =chrysophanol glycosid&,= emodin;4 = chrysophanols = physcion.

known [12,20,27-29] however, to the best of our knowl-  for better peak shapes of hydroxyanthraquinone derivatives
edge, an analysis of such glycosidic hydroxyanthraquinone (1-5) and improved detection limit of compoudis shown
derivatives is not reported in literature, which may be pri- in Fig. 3. Thus, combination of solvent system A (acetoni-
marily because of three main reasons. First, compodnds trile:methanol, 95:5, v/v) and solvent system B (water:acetic
and2 are not commercially available due to the difficulty acid, 99.9:0.1, v/v) provided a better choice of solvents for
of their isolation from natural sources. Secondly, glycosy- separation of hydroxyanthraquinone derivativésSj with
lation [34] of hydroxyanthraquinone derivatives involves a retentiontimes of 18.8,19.3, 34.5, 38.8 and 40.7 min, respec-
multi-step reaction, which is again a tedious process. Lastly, tively (Fig. 3). The same conditions were followed for the sep-
the use of acidic eluent required to avoid peak tailing dur- aration of hydroxyanthraquinone derivativésg) present in

ing resolution of hydroxyanthraquinone derivatives might the crude methanolic extract of rhizomesRokmodi and the
hydrolyze the glycosidic linkage of compoundsand 2. obtained results were satisfactofid. 4).

Therefore, the present study was aimed at developing a simple

and reliable HPLC method for better separation of mixture 3.2. Parameters for method validation

of hydroxyanthraquinone derivativeb-§). Initially, solvent

system A (acetonitrile) and solvent system B (water:acetic  The linearity, limit of detection (LOD) and limit of quan-
acid, 99.9:0.1, v/v) in mobile phase (with gradient elution titation (LOQ) for hydroxyanthraquinone derivativel—§)

of solvent system A from 20 to 100% in 45 min with sol- were investigated and the results are present€alite 1 The
vent system B) showed no resolution between compoundslinear equation between the concentration of the standards
1 and2. Further, addition of methanol in solvent system A injected and the peak area can be expressed=asix + c,

(i.e. acetonitrile:methanol, 95:5, v/v) with solvent system B wherey is the concentration andis the peak area of the
(water:acetic acid, 99.9:0.1, v/v) in mobile phase with similar standard, ane: andc¢ are constants. A good linearity was
condition showed better resolution between compo izl achieved in the range of 0.9901-0.9993 for all hydroxyan-
2 with a difference of 0.5 min in retention time. Increasing the thraguinone derivativesl{5) (Table J. Detection limit is
ratio of solvent system A (>20%) in mobile phase resultedin a the lowest amount of the analyte in a sample that can be
quick elution of all hydroxyanthraquinone derivativds¥), detected, but not necessarily quantitated. The lowest limit is
thus, badly affecting the resolution of mixture of hydrox- usually evaluated as the signal to noise ratio that is equivalent
yanthraquinone derivatived5). In solvent system B, the to three times the standard deviation of the nos® € 3).
presence of acetic acid in the range 0.08-0.13% was crucialThe LOD and LOQ were estimated in accordance with base
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Fig. 4. HPLC chromatogram of methanolic extract of rhizomeR.@fnodi (for HPLC conditions, see Sectidh?).
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line noise, which was evaluated by recording the detector at a signal to noise ratio of 10. The LOQ for hydroxyan-
response over a period of as much as the 10 times of the peakhraquinone derivatived{5) was experimentally verified by

width. The LOD for hydroxyanthraquinone derivativdsg)
were in the range of 0.56-3.50 ng/mL. The LOQ, which is (Table J.
defined as the lowest concentration that can be determined The instrument precision was measured by performing the
with acceptable accuracy and precision, can be establishedntra-day and inter-day experiments by five replicate injec-
tions of each hydroxyanthraquinone derivatives) in three

Table 2
Repeatability of intra-day and inter-day analysis
Compound Concentration ~ RSD (%)
(pL/mL)
Intra-day Inter-day
(n=5) (n=5)
Emodin glycoside 80 0.23 0.98
40 0.31 1.15
20 0.76 2.10
Chrysophanol glycoside 40 491 2.84
20 3.21 2.25
10 4.98 4.24
Emodin 40 0.45 1.10
20 0.57 3.50
10 3.81 3.30
Chrysophanol 80 0.95 1.28
40 2.96 1.74
10 4.21 3.71
Physcion 200 241 3.25
100 2.08 2.95
60 3.59 4.65

RSD =relative standard deviatioms= No. of injections.

six injections and was found in the range of 0.11-Q.85mL

Table 3

Recovery data by standard addition

Compound Concentration Added Obtained Recovery
(ng/mL) (ng/mb)  (ug/mL) (%)
Emodin glycoside 2.50 20 22.34 99.2
40 42.59 100.2
60 62.42 99.8
Chrysophanol 10.24 60 70.60 103.5
glycoside
80 90.48 102.3
100 110.16 99.2
Emodin 4.25 10 13.92 97.6
20 24.44 100.7
40 44.31 100.1
Chrysophanol 7.50 20 26.92 97.8
40 47.18 99.3
80 88.86 101.5
Physcion 0.93 25 24.83 95.7
50 51.68 101.4
100 98.94 98.0
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Table 4

Locational comparison of the hydroxyanthraquinone derivative3)(content present in rhizomes Bf emodi

Location Emodin glycoside (%) Chrysophanol glycoside (%) Emodin (%) Chrysophanol (%) Physcion (%)
L1 0.51 2.23 0.90 1.44 0.19

Lo 0.44 1.56 0.49 0.99 0.15

L3 0.58 1.98 0.64 0.88 0.16

different working concentrations. The intra-day and inter- lations containing hydroxyanthraquinone derivatives and it
day RSDs of chromatographic determination were observedcan be used for pharmacokinetic studies of related extracts
in the range of 0.23-4.98% and 0.98-4.65%, respectively and drugs.
(Table 2. The results showed good precision of the method.

Quantitative results are expressed in terms of recov-
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