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ABSTRACT 

Plants are important source of structurally diverse compounds for drug development. But the amounts of these bioactive 
phytochemicals in herbal medicines are very low. So, effective and specific methods should be developed for the selective extraction, 
isolation and purification of those active constituents. Besides the conventional methods, such as maceration, percolation, reflux and 
solvent extraction, a variety of modern techniques are also available in literature which offer more rapid and selective extraction of 
a particular compound with lesser consumption of organic solvents. These include pressurized liquid extraction (PLE), supercritical 
fluid extraction (SFE), microwave assisted extraction (MAE), ultrasound assisted extraction (UAE) etc. For purification and separation 
of important components from medicinal plants, several chromatographic and electrochemical processes are available. In recent 
years, high speed counter current chromatography (HSCCC) has been a subject of increased attention for a green separation 
technique for selective natural products with high extraction yields. It involves the partition of a particular solute between two 
immiscible solvents. Some aspects of HSCCC in the field of isolation of bioactive molecules from plants are described in this mini 
review.      
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INTRODUCTION 

lants are considered as a unique reservoir of 
structurally diverse compounds which are proved to 
be versatile resource for the development of novel 

therapeutics. 1,2 In a recent report by World Health 
Organization (WHO) it was estimated that ~80% people in 
the world rely almost entirely on herbal medicines for their 
healthcare requirements. 3 In USA, ~12% population used 
plant-based drugs worth nearly five billion dollars and 
during last two decades in Europe, the consumption of 
botanical drugs is almost doubled. 4 In order to get the 
bioactive phytochemicals, which might provide novel drug 
leads, plant extracts should be simultaneously subjected to 
phytochemical analysis and screening against various 
pharmacological targets. 5,6 In fact, isolation, purification 
and finally structural elucidation of particular biologically 
active compounds from plants are big challenge for 
phytochemists. In majority of the cases, active ingredients 
are present in very minute amounts, so appropriate 
strategies should be developed for the phytochemical 
screening of a crude plant extract. Different methods 
(maceration, percolation, digestion, soxhlet extraction, 
supercritical fluid extraction, microwave-assisted, 

ultrasonic extraction) are available in literature for the 
extraction of biologically active components depending 
upon the nature of compounds which would be extracted 
from the medicinal plants. 7 For separation and purification 
of those important constituents, different 
chromatographic techniques viz. column chromatography 
(CC), thin layer chromatography (TLC), high performance 
liquid chromatography (HPLC), counter current 
chromatography (CCC) etc. are employed, in which 
adsorption chromatography is most conveniently used. 8-11 
High speed counter current chromatography (HSCCC) is 
fast - growing, partition chromatographic technique 
extensively used for the detection, separation and 
estimation of pharmacologically active phytochemicals.12-

17  

Rhubarb (Da-huang, Fig. 1) is one of the best-known herbal 
medicine used for thousands of years in Chinese 
pharmacopoeia. 18 It is mainly dried roots and rhizomes of 
different Rheum species (R. palmatum, R. officinale, R. 
emodi, R tanguticum etc.). 19 In traditional Oriental and 
some Western medicinal systems, it is well documented 
for the treatment of various ailments. 20-22 Modern 
researches showed that hydroxy anthraquinonoids are the 
main bioactive compounds in rhubarb and Rheum 
containing herbal preparations. 23,24 These are very popular 
purgative and laxative botanical remedies and used 
indiscriminately in almost every country across the world. 
To check the safety, authenticity and efficacy of these 
phytomedicines, evaluation of the quality control is very 
much needed. 25,26 Several analytical tools have been 
developed for the quantification and standardization of 
these marker constituents for overall assessments 
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warranting the reliability of these plant derived drugs. 27,28 
Including different chromatographic methods, HSCCC is 
also efficiently applied for separation and estimation of 
anthraquinonoids in rhubarb samples. In this brief review, 

some of the reports on analysis of these therapeutically 
active compounds by HSCCC techniques have been 
described. 

 

 

Figure 1: Rhubarb (a) plant; (b) roots. 

 
Figure 2: Schematic diagram of HSCCC instrumentation. 

 
HSCCC: A CONVENIENT ANALYTICAL TOOL 

High speed counter current chromatography is a solid 
support free liquid-liquid partition chromatographic 
technique, first introduced by Ito et al. in the early 80s. 29-31 
and subsequently developed by several group of 
researchers. Two immiscible liquids are taken in this 
process - one retained in the column (i.e., in the spinning 
coil by centrifugal partition forces) is the stationary phase 
and the other which is in mobile phase is pumped through 
it. 32 In fact, various natures of components presents in a 
crude material which are subjected to be separated by this 
method have differences in solubilities between the 
stationary and mobile phases, so appropriate selection of 
two-phase solvent system is very crucial. 33 Minute changes 
in the composition of the mobile phase can disturb the 

stationary phase composition also. Two solvents must be 
inert and innocuous. In a specific two-phase solvent system, 
compounds having almost similar polarities can have 
different partition coefficients, which results in the 
separation of baseline by counter current chromatography. 
Most commonly used solvents are n-hexane, ethyl acetate, 
methanol, water etc. Like high performance liquid 
chromatography, here also two modes of operations 
(normal phase as well as reversed phase chromatography) 
are available. 34  

Briefly, it is a three-stage process involving mixing, settling 
and separation of two-solvent phases (Fig. 2). 35 In the 
counter current column centrifuge, two liquid phases 
moving in opposite directions (thus called counter current) 
first come in contact with each other, two solvents must be 
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properly mixed together to achieve effective partitioning of 
analytes. 36,37 Then settling action allows the components to 
be distributed in two phases by their respective solubilities 
and finally, the separated compounds are detected by using 
various detectors like ultra violet or mass 
spectrometrically.38,39 

Advantages and Disadvantages of HSCCC over the other 
conventional analytical methods 

A broad range of molecules have been successfully 
extracted and purified by HSCCC. 40 Compared to 
conventional solid-liquid separation methods, here the 
stationary phase is liquid, so there is no scope for 
irreversible adsorption of the sample on the solid support 
matrix, which minimises the contamination and 
denaturation of the sample. Various polar and non-polar 
solvent systems can be used and the solutes have 
distributed to the whole volume of the liquid stationary 
phase resulting high extraction efficiency. Since both the 
phases are liquids, column regeneration is not needed, 
same column can be repeatedly used for separation with 
different stationary phases, and also no sample is lost 
during chromatographic separation. 41-43 Consequently, 
excellent recovery of the sample load could be obtained. 
Low solvent consumption, rapid separation, high resolution 
of the components is also achieved in this process. Usage of 
toxic chemicals (like chloroform, carbon tetrachloride) is 
generally avoided in this method. Low chemical and 
instrumental costs make this technique more economic 
than other chromatographic systems.44  

Both stationary and mobile phase are very much sensitive 
to the solution composition. Minute change in the 
composition ratio of any liquid phase may directly induce a 
variation in the same of the other liquid phase. It is very 
difficult to hold the liquid stationary phase in a steady state 
for a long time while the immiscible mobile phase is pushed 
through it. Sometimes low peak resolution is resulted. 45,46 
During the separation process by HSCCC, only milligram - 
sized sample injections are available, so development in the 
field of small-scale research is somewhat faltered. 47,48  

Some applications 

The counter current chromatography has been extensively 
used in detection, separation and purification of a wide 
variety of substances including various primary and 
secondary metabolites.49-52 By using this method, natural or 
synthetic materials, heavy metal ions, antibodies, 
hydrocarbons from environmental samples etc. can also be 
analysed.53-60 Most commonly, this method is used for the 
estimation, extraction and preparative-scale separation of 
phytochemicals having commercial importance. This can be 
exemplified by the analysis of the active constituents of a 
popular herbal drug, viz. rhubarb, which is discussed in the 
next section. 

 

ANALYSIS OF BIOACTIVE COMPONENTS OF RHUBARB BY 
HSCCC 

Five hydroxy anthraquinonoids viz. emodin, aloe-emodin, 
physcion, rhein and chrysophanol (Fig. 3) are the main 
active constituents of rhubarb which are also referred as 
‘taxonomic markers’ of the respective plants. 23 To assess 
the quality control of this herbal medicine, several 
analytical techniques have been conveniently employed for 
the estimation and standardization of these marker 
compounds. 25 

 

 R1 R2 

Emodin -OH -CH3 

Aloe-emodin -H -CH2OH 

Physcion -OCH3 -CH3 

Rhein -H -CO2H 

Chrysophanol -H -CH3 

Figure 3: Major bioactive hydroxy anthraquinonoids 
present in rhubarb 

During the chromatographic separation of hydroxy 
quinonoids, it has been found that, these compounds often 
tend to remain strongly adsorbed on the solid stationary 
phase (generally silica gel).61 This problem can be 
successfully overcome by using high speed counter current 
chromatographic technique. Since, it is a solid support free 
liquid-liquid partition chromatography, so it can easily 
eliminate the irreversible binding of those type of 
compounds onto the solid support.33  

Separation of five hydroxy anthraquinonoid derivatives 
from the rhizomes of R. palmatum by analytical HSCCC was 
first reported by Zhang and his colleagues in 1988.62 For 
rapid separation and high yield of the separated materials, 
they used combined modes of normal and reversed elution 
of n-hexane-ethyl acetate-methanol-water (9:1:5:5, 
v/v/v/v) as two-phase solvent at a flow rate of 60mL/hour 
followed by UV detection at 278 nm. Within 70 minutes, 1 
mg of crude sample was separated and purified into its 
major components.  

A pH modulated stepwise elution in HSCCC was performed 
by Yang et al. for analytical as well as preparative isolation 
and purification of these five anthraquinones (Fig. 4) from 
the crude ethanolic extract of Chinese rhubarb (Rheum 
officinale Baill).63 The biphasic solvent system was 
optimized by mixing diethyl ether as stationary phase and 
basic water as mobile phase. A portion of the aqueous 
phase was basified by adding 4% NaHCO3, 0.7% Na2CO3, and 
0.2% NaOH, thereby three mobile phases with different pH 
values were obtained which were successively eluted 
through the column maintaining in an increasing order of 
pH. Except rhein, rest four major hydroxyanthraquinonoids 
were well resolved and in preparative HSCCC, more than 
98% purity of these compounds was found. 
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Figure 4: Chromatogram of the crude sample of hydroxyanthraquinones from Rheum officinale Baill by (a) analytical HSCCC 
and (b) preparative HSCCC. Solvent system for (a) analytical HSCCC: stationary phase (upper organic phase): diethyl ether-
basic water; mobile phase: 35 mL of 4.0% NaHCO3 and 55 mL of 0.7% Na2CO3 and 80 mL of   0.2% NaOH, flow-rate: 1.0 
mL/min; revolution speed: 1500 rpm; sample size: 10 mg dissolved in 1 mL stationary phase; Solvent system for (b) 
preparative HSCCC: stationary phase (upper organic phase): diethyl ether-basic water; mobile phase: 120 mL of 4.0% 
NaHCO3 and 240 mL of 0.7% Na2CO3 and 480 mL of   0.2% NaOH, flow-rate: 2.0 mL/min; revolution speed: 800 rpm; sample 
size: 300 mg dissolved in 20 mL stationary phase; retention of the stationary phase: 50%. Peaks: 1 = rhein + unknown; 2 = 
emodin; 3 = aloe-emodin; 4 = chrysophanol; 5 = physcion. Reproduced from Yang et al. 63 with permission from Elsevier.  

 

Figure 5: HSCCC chromatogram of crude extract from R. officinale Baill. Stationary phase: ether; mobile phase: 1% NaH2PO4 
and 1% NaOH to perform pH-gradient elution (1% NaH2PO4:1% NaOH = 100:0–0:100 in 500 min); flow rate: 2.0 mL /min; 

revolution speed: 800 rpm; sample size: 120 mg crude extract dissolved in 20 mL of ether; temperature: 25C; retention of 
the stationary phase: 40%. I: Rhein; II: cinnamic acid; III: emodin; IV: aloe-emodin; V: chrysophanol; VI: physcion. 
Reproduced from Liu et al. 64 with permission from Elsevier. 

 
A continuous pH gradient elution in HSCCC was also 
established by Liu et al., in which preparative isolation of 
these five anthraquinonoid compounds in the root extract 
of Rheum officinale Baill was carried out by using ether as 
stationary phase and 1% aqueous solution of NaH2PO4 and 
1% aqueous solution of NaOH as mobile phase in gradient 
mode (1% NaH2PO4 : 1% NaOH = 100:0 to 0:100 for 500 
minutes). Including rhein, all the constituent quinonoids 
along with cinnamic acid were well separated under this 
optimum condition (Fig. 5). 64  

Wei et al. developed a repeated HSCCC system for 
preparative separation and purification of rhein from the 
crude ethanolic extract of R. officinale. 65 Under optimum 
condition, efficient resolution of rhein was achieved by 
analytical HSCCC using the two-phase solvent system 
composed of n-hexane-ethyl acetate- methanol-water = 
3:7:5:5 (v/v/v/v) at a flow rate of 1.0 mL/min, revolution 
speed 1800 rpm followed by continuous monitoring with 
UV at 254 nm. Preparative HSCCC was also carried out by 
using the same solvent ratio at a flow rate of 2.0 mL/min 
with revolution speed of 800 rpm yielding 6.7 mg of rhein 
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(purity over 97% as determined by HPLC) from 500 mg the 
crude plant extract.  

Ma et al. described a method for the separation and 
purification of rhein and emodin along with other five 
compounds from R. palmatum by using HSCCC combined 
with rapid preparative chromatography followed by LC-ESI-
MS analysis. 66 From HSCCC separation, the purity of rhein 
was over 98.07% and that for emodin was found to be 
94.76% from RPC separation. 

CONCLUSION 

High speed counter current chromatography is versatile 
and dynamic method for quantitative analysis, systematic 
purification and separation of a wide variety of materials 
including both organic and inorganic substances. It is a cost-
effective technique with high resolution and separation 
efficiency of the components of the sample, particularly in 
the field of analytical phytochemistry. In fact, bioactive 
phytochemicals are present in very little amount in plants. 
By future development in machineries and protocols of 
HSCCC, there will be a tendency to affluence the quantity of 
the analytes from milligrams to grams and then further 
scale-up to kilograms level, and that will make this tool an 
excellent weapon for the separation of those active 
constituents. 
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