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& An effective high-speed countercurrent chromatography (HSCCC) method was established for
further separation and purification of four minor flavonols in addition to five major flavonols
which were reported by our previous study from extracts of Flos gossypii. HSCCC was performed
with three two-phase solvent systems composed of n-hexane-ethyl acetate-methanol-water
(7.5:15:6:7, v=v), (2.5:15:2:7, v=v), and (0:1:0:1, v=v). The separation was repeated three
times, and 3.8mg of 8-methoxyl-kaempferol-7-O-b-D-rhamnoside (HPLC purity 98.27%),
6.7mg of astragalin (HPLC purity 94.18%), 3.3mg of 40-methoxyl-quercetin-7-O-b-D-glucoside
(HPLC purity 94.30%), and 8.2mg of hyperoside (HPLC purity 93.48%) were separated from
150mg of the crude sample. The chemical structures of the flavonols were confirmed by MS, 1H
NMR, and 13C NMR. Meanwhile, the results indicated that the target compound with smaller
K value (<0.5) can be separated by increasing column length of HSCCC. And, four separation
rules of flavonols were established according to the present study and references were summarized,
which can be used as a useful guide for separation of flavonols by HSCCC.
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INTRODUCTION

As a Uighur’s traditional medicine, Flos gossypii flowers have been used
for tranquilization, detumescence, treatment of pruritus, alleviating burn
pain, and replenishing heart and brain for a thousand years in Xinjiang,
China.[1] Up to now, however, few phytochemical studies on this plant have
been described in the literature except by our group.[2,3]

Traditional separation methods, such as silica gel column chromato-
graphy and preparative thin-layer chromatography (PTLC), are time con-
suming and some minor samples are often irreversibly adsorbed onto the
solid support. High-speed countercurrent chromatography (HSCCC) is a
liquid-liquid separation method that does not require a solid sorbent
and, therefore, it is possible to totally recover the introduced samples.
Consequently, HSCCC has been successfully applied to the isolation of
various natural products,[4,5] especially for flavonols.[6–9] Its unique
properties promise a future of preparation and exploitation of natural com-
pounds. HSCCC has been considered as a powerful tool for the separation
and purification of bioactive compounds from traditional Chinese herbs
and other natural products.

In our previous study, we have successfully isolated six major flavonols
from Flos gossypii by HSCCC.[2,3] But, we have not separated many minor
compounds detected by HPLC in the crude sample. In order to isolate
the minor constituents, K values of these minor compounds were measured
thoroughly by HPLC. Consequently, four minor flavonols, in addition to
five flavonols which had been reported in the past,[2,3] were isolated and
purified from Flos gossypii by HSCCC.

Although HSCCC has been widely used in preparative separation of
flavonols for the past two decades, its separation rules have never been
reported before. In our present study, the separation rules of flavonols were
made according to the results of the present study together with references.
These rules will serve as a useful guidance for the isolation and separation
of flavonols from various natural resources by HSCCC.

EXPERIMENTAL

Apparatus

The preparative HSCCC instrument employed in this study is a
model HHS–400A high-speed countercurrent chromatograph (Shanghai
Tonghong Machine Co., Ltd., Shanghai, China). The apparatus were
equipped with four polytetrafluoroethylene (PTFE) preparative coils
(inner diameter of 1.6mm, each 125mL in capacity with a total capacity
of 500mL) which were symmetrically mounted on the rotary frame to
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attain stable balancing of the centrifuge system. Four preparative coils can
be operated in parallel or series or as individual coil. Different column
capacities are available according to the requirement of peak resolution
of the target compounds. The revolution radius was 6.5 cm, and the
b-values varied from 0.25 at the internal terminal to 0.9 at the external
terminal (b¼ r=R, where r is the distance from the coil to the holder shaft).
An optimum speed of 800 rpm was used throughout this study.

The solvent was pumped into the column with a Model NS-1007 con-
stant-flow pump (Beijing Institute of New Technology Application, Beijing,
China). Continuous monitoring of the effluent was achieved with a Model
8823A-UV monitor (Beijing Institute of New Technology Application) at
254 nm. A manual sample injection valve with a 20-mL loop for the prepara-
tive HSCCC (Tianjin High New Science Technology, Tianjin, China) was
used to introduce the sample into the column. A portable recorder
(Yokogawa Model 3057, Sichuan Instrument Factory, Chongqing, China)
was used to draw the chromatogram.

The high-performance liquid chromatography (DIONEX, USA) equip-
ment used was a DIONEX system including a P680 pump, an ASI-100
Automated sample injector, a TCC-100 Thermostatted column compart-
ment, and an UVD170U detector. The analysis was carried out with an
inertsil ODS-SP column (5mm, 4.6� 250mm GL Sciences Inc., Japan).
Evaluation and quantification were made on a Chromeleon WorkStation.

Reagents

All organic solvents used for HSCCC were of analytical grade and pur-
chased from Tianjin Chemical Factory (Tianjin, China). Methanol used for
HPLC was of HPLC-grade and purchased from Fisher Scientific Company
(Fair Lawn, NJ, USA). Flos gossypii was purchased from a local store in
Urumqi of China.

Preparation of Crude Sample[2]

Flos gossypii purchased from a local store in China was powdered and
extracted with aqueous ethanol in reflux for 3 hr (three times). All the
extracts were combined and evaporated under reduced pressure at 60�C,
and the residue was dissolved in water, which was in turn loaded into a glass
column packed with AB-8 macroporous resin. The column was first eluted
with water until the eluent became colorless, followed by stepwise elution
with 50% and 70% aqueous ethanol to elute out the target compound.
These fractions were combined and evaporated to dryness. The residues
were dissolved in ethyl acetate. After filtration, the ethyl acetate extract
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was evaporated to dryness, yielding the crude sample for HSCCC
separation.

Measurement of Partition Coefficient (K)[6]

The two-phase solvent systems were selected according to the partition
coefficient (K) of the target components. Different ratios of n-hexane-ethyl
acetate-methanol-water were prepared and equilibrated in a separation
funnel at room temperature. The K values were determined by HPLC
analysis as follows: a suitable amount of samples (1mg) was added to
4.0mL mixture of equal volume of each phase of the two-phase solvent
system followed by thorough mixing of the contents. After equilibration
was established, aliquots of the upper and the lower phases were separately
analyzed by HPLC. The peak area of the upper phase was recorded as AU

and that of the lower phase as AL. The K value was calculated according to
the following equation: K¼AU=AL. (Table 1)

HSCCC Separation

The preparative HSCCC was performed with a model HHS-400A
HSCCC instrument as follows: the multiplayer coiled column was first
entirely filled with the upper phase as stationary phase. After rotation at
800 rpm, the sample solution (50mg of the crude sample in 20mL of a mix-
ture of upper and lower phases) was injected through the sample port. The
lower phase was pumped into the head end of the HSCCC coil column, and
the effluent from the outlet of the column was monitored with a UV detec-
tor at 254 nm. Peak fractions were manually collected according to the
chromatogram.

TABLE 1 Partition Coefficient (K) of Ten Flavonoids in Different Radio of
n-Hexane-Ethyl Acetate-Methanol-Water

Compound Solvent System Radio K Value

I 7.5:15:6:7, v=v 0.29
II 0.43
X 2.78
III 2.5:15:2:7, v=v 0.78
IV 0.93
V 1.23
VI 0:1:0:1, v=v —

VII 0.85
VIII 1.03
IX 1.55
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HPLC Analysis and Identification of Crude Sample and the Peak
Fractions From HSCCC[11]

The crude sample and the peak fractions from HSCCC were analyzed
by HPLC. The analyses were performed with an inertsil ODS-SP column
(4.6mm I.D.� 250mm, 5 mm) at column temperature of 35�C. The mobile
phase was eluted with a linear gradient of acetonitrile (A), methanol (B),
and 0.2% formic acid (C), that follows: A-B-C (10:10:80, v=v) to A-B-C
(15:15:70, v=v) in 15min, then to A-B-C (0:55:45, v=v) in 35min, then to
A-B-C (0:80:20, v=v) in 6min, and finally to A-B-C (0:80:20, v=v) in 4min.
The flow-rate was 1.0mLmin�1 and the effluent was monitored at
360 nm by a UV detector.

Identification of the HSCCC peak fractions was carried out by 1H
nuclear magnetic resonance (1H NMR) and 13C nuclear magnetic reson-
ance (13C NMR).

RESULTS AND DISCUSSION

HPLC Analysis of the Crude Sample

The crude extract of Flos gossypii was first analyzed by HPLC. The result
indicated that it contained several flavonols, including kaempferol (reten-
tion time 49.33min), kaempferol-3-O-b-D-(600-O-p-coumaroyl)-glucoside
(retention time 46.89min), 8-methoxyl-kaempferol-7-O-b-D-rhamnoside
(retention time 43.47min), quercetin (retention time 38.53min), 40-
methoxyl-quercetin-7-O-b-D-glucoside (retention time 33.38min), quercetin-
30-O-b-D-glucoside (retention time 29.58min), astragalin (retention time
25.28min), quercetin-3-O-b-D-glucoside (retention time 20.21min),
hyperoside (retention time 19.73min), and quercetin-7-O-b-D-glucoside
(retention time 17.64min), as shown in Fig. 1A.

Selection of Two-Phase Solvent System and Other Conditions
of HSCCC

In HSCCC, successful separation highly depends upon the selection of
a suitable two-phase solvent system, which requires the following considera-
tions: retention of the stationary phase should be satisfactory, which is
judged with short settling time of the solvent system (<25 sec),[12] and
the partition coefficient of the target compound is between 0.4–2.5.[13]

The solute with a smaller K value will be eluted closer to the solvent front
with low peak resolution while the solute with a larger K value tends to give
better resolution but with broader and more dilute peaks.[14] Because
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FIGURE 1 HPLC analysis of the crude sample and peak fractions from HSCCC. Separation column: an
inertsil ODS-SP column (4.6mmI.D. � 250mm, 5mm); column temperature: 35�C; the mobile phase: a
linear gradient of acetonitrile (A), methanol (B), and 0.2% formic acid (C) that follows: A-B-C
(10:10:80, v=v) to A-B-C (15:15:70, v=v) in 15min, then to A-B-C (0:55:45, v=v) in 35min, then to A-B-C
(0:80:20, v=v) in 6min, and finally to A-B-C (0:80:20, v=v) in 4min. The flow-rate: 1.0mLmin�1; detection
wavelength: 360nm. A) crude sample, B) peak I in Fig. 2A, C) peak II in Fig. 2A, D) peak III in Fig. 2B, E)
peak IV in Fig. 2B, F) peak V in Fig. 2B, G) peak VI in Fig. 2C, H) peak VII in Fig. 2C, I) peak VIII in Fig. 2C,
J) peak IX in Fig. 2C, K) peak X in Fig. 4, L) fraction III in Fig. 2C, and M) fraction IV in Fig. 2C.
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FIGURE 1 Continued.
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natural products are complex, it will be better to apply the slightly longer
elution time to attain better resolution with a higher K value �3.5.

Several monographs, review articles, and book chapters describe vari-
ous two-phase solvent systems successfully used for CCC. Research[15–17]

provides lists of the two-phase solvent systems for HSCCC. Several
two-phase solvent systems of n-hexane-ethyl acetate-methanol-water were
tested based on these references and the properties of flavonols. As shown
in Table 1, three solvent systems composed of n-hexane-ethyl acetate-
methanol-water (7.5:15:6:7, v=v), (2.5:15:2:7, v=v), and (0:1:0:1, v=v) were
selected to separate the target compounds. Two compounds had suitable
K values in the first solvent system; three compounds had suitable K values
in the second solvent system; and another three compounds had suitable K
values in the third solvent system.

Figure 2A shows the chromatogram obtained from 50mg of the crude
sample by preparative HSCCC using a two-phase solvent system composed
of n-hexane-ethyl acetate-methanol-water (7.5:15:6:7, v=v). The peaks I & II
and Fraction I (FI) were isolated at a flow rate of 1.5mL �min�1. The purities

FIGURE 2 HSCCC chromatograms of crude sample from Flos Gossypii; revolution speed: 800 rpm;
detection wavelength: 254nm; flow rate: 1.5mLmin�1; solvent systems: (A) n-hexane-ethyl acetate-
methanol-water (7.5:15:6:7, v=v), (B) n-hexane-ethyl acetate-methanol-water (2.5:15:2:7, v=v), (C)
n-hexane-ethyl acetate-methanol-water (0:1:0:1, v=v); samples: (A) crude sample I, (B) fraction I, (C)
fraction II.
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of the peaks were detected by HPLC (Fig. 1B, C). Figure 2B shows the chro-
matogram obtained from Fraction I using n-hexane-ethyl acetate-
methanol-water (2.5:15:2:7, v=v). The peaks III, IV, V, and Fraction II (FII)
were isolated at a flow rate of 1.5mL �min�1. The purities of the peaks were
evaluated by HPLC (Fig. 1D–F). Figure 2C shows the chromatogram
obtained from Fraction II using n-hexane-ethyl acetate-methanol-water
(0:1:0:1, v=v). The peaks VI, VII, VIII, IX, and Fraction III (FIII) and IV
(FIV) were isolated (Fig. 1G–J). FIII and IV were the mixture of quercetin-3-
O-b-D-glucoside and hyperoside (Figs. 1L and 1M). But a small amount of
quercetin-3-O-b-D-glucoside and hyperoside can be obtained from the cut
peak. The flow rate was 1.5mL �min�1. The retention of stationary phase
was 63.38%, 56.55%, and 42.76%, respectively. In addition to flavonols
previously reported, four minor components, peaks II, III, IV, and VII, were
newly separated from Flos gossypii.

Structural Identification[18,19]

The structural identifications of HSCCC peaks were carried out by MS,
1H NMR, and 13C NMR. The HSCCC separation was repeated 3 times; the
fractions from the same peak were combined based on the HPLC analysis.
Peak I (2.9mg, HPLC purity 95.77%) was identified as Kaempferol-3-O-b-D-
(600-O-p-coumaroyl)-glucoside which has been reported by us.[3] Peak II
(3.8mg, HPLC purity 98.27%) was identified as 8-methoxyl-kaempferol-
7-O-b-D-rhamnoside compared with research by Elliger.[20] Peak III
(6.7mg, HPLC purity 94.18%) was identified as astragalin according to
Xiao and co-workers.[21] Peak IV (3.3mg, HPLC purity 94.30%) was ident-
ified as 40-methoxyl-quercetin-7-O-b-D-glucoside compared with Tschesche
and co-workers.[22] Peak V (16.2mg, HPLC purity 99.12%) was identified
as quercetin-30-O-b-D-glucoside which has been reported in our previous
studies.[2,10] Peak VI (HPLC purity 85.25%) was not identified because of
its low purity and content. Peak VII (8.2mg, HPLC purity 98.47%) was
identified as hyperoside according to previous research.[10,21] Peak VIII
(40.1mg, HPLC purity 93.48%) was identified as quercetin-3-O-b-D-
glucoside which has been reported in our previous studies.[2,10] Peak IX
(34.3mg, HPLC purity 93.75%) was identified as quercetin-7-O-b-D-
glucoside which has been reported in our previous studies.[2,10]

Study on the Resolution under the Different Column
Capacity of HSCCC

As mentioned previously, the preparative HSCCC instrument employed
in this study is a model HHS-400A high-speed countercurrent chromatograph.
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The apparatus was equipped with four polytetrafluoroethylene (PTFE) pre-
parative coils (1.6mm ID tubing, each 125mL in capacity with a total
capacity of 500mL). Four preparative coils can be operated in parallel or
series or as an individual coil. Thus, various column capacities are available
according to the need for the separations.

The partition coefficient (K) is the ratio of solute distributed between the
mutually equilibrated two solvent phases. Previous research indicated that
the suitable K values of target compounds for HSCCC are 0.5�K� 1.0.
Another study[13] indicated the proper range of K value is between
0.4–2.5. However, complex natural products can be isolated with larger K
valves of over 3.0 by HSCCC, although the procedure was somewhat
time-consuming.[23,24] If their separation factor (a) is large enough, the
column capacity can be decreased to separate the target compounds,
namely the length of the column can be reduced to shorten the separation
time and minimize solvent consumption. But, if the K value is lower than
0.4, it is difficult to resolve the target compounds in the crude sample.[13,15]

In any case, if their separation factor (a) is not large enough, they are dif-
ficult to resolve. Usually, we can improve the resolution of closely related
compounds by increasing the length of the column. In this study,
the K values of Kaempferol-3-O-b-D-(600-O-p-coumaroyl)-glucoside and
8-methoxyl-kaempferol-7-O-b-D-rhamnoside in the two-phase solvent sys-
tem composed of n-hexane-ethyl acetate-methanol-water (7.5:15:6:7, v=v)
(Table 1) were 0.28 and 0.43 with their separation factor (a) at 1.5, which
is not large enough for the separation with the standard column presently
employed.

A series of studies was performed to examine the resolution (Rs) of
peaks I and II with the different column length. Figure 4 shows the com-
parative analysis of HSCCC chromatograms obtained at different column
lengths. The resolution of target compounds is increased with the applied
column volume as expected. The different column capacities were selected
to separate these two targets from 125mL to 500mL. The results clearly

FIGURE 3 Chemical structures of ten flavonols from Flos gossypii isolated by HSCCC.

Separation of Minor Flavonols From Flos gossypii 1511

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



show that the four coils operated in series yielded the best peak resolution.
For the isolation of peak I, the full volume (500mL), four coils operated in
series, should be selected, while for the peak II, 3=4 volume (375mL),
three coils operated in series, is sufficient. But if we want to get the peak
X, the 1=4 volume (125mL), individual coil, is the best choice to save time
and solvent.

Four Separation Rules of Flavonols in the Two-Phase Solvent
System of n-Hexane-Ethyl Acetate-Methanol-Water

Flavonols and their conjugates form a very large group of natural pro-
ducts. They are found in many plant tissues, where they are present inside
the cells or on the surfaces of different plant organs. The separation of

FIGURE 4 Comparative analysis of HSCCC chromatogram of 50mg of the crude sample at different
column volumes: (A) 125mL capacity, (B) 250mL capacity, (C) 375mL capacity, (D) 500mL capacity.
Solvent systems: n-hexane–ethyl acetate–methanol–water (7.5:15:6:7, v=v). Note: The apparatus was
equipped with four PTFE preparative coils (1.6mm ID tubing, each 125mL capacity with a total capacity
500mL), symmetrically mounted on the rotary frame. Four preparative coils can be operated in parallel
or series or as individual coil.
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flavonols and their conjugates is one of the most important areas in the field
of instrumental analytical methods, helping solve problems in biological
and medical sciences. Although HSCCC has been widely used in prepara-
tive separation of flavonols for the past two decades, its separation rules
have never been reported. In the present study, ten flavonols were sepa-
rated from Flos gossypii by HSCCC with the two-phase solvent system of
n-hexane-ethyl acetate-methanol-water at different volume ratios. Fortu-
nately, they had the same mother structure. According to the separation
patterns of these compounds and some references about flavonols, four
separation rules were proposed. In our study, where the stationary phase
was the upper organic phase of n-hexane-ethyl acetate-methanol-water,
the elution order of flavonols is hyperoside, quercetin-3-O-b-D-glucoside,
quercetin-7-O-b-D-glucoside, astragalin, 40-methoxyl-quercetin-7-O-
b-D-glucoside, quercetin-30-O-b-D-glucoside, kaempferol-3-O-b-D-(600-O-
p-coumaroyl)-glucoside, 8-methoxyl-kaempferol-7-O-b-D-rhamnoside, quer-
cetin, and kaempferol, in turn.

Further analysis of the aforementioned results indicated that kaemp-
ferol is retained in the column longer than quercetin, and astragalin is
retained longer than quercetin-3-O-b-D-glucoside. Comparing the structure
of kaempferol and quercetin, quercetin has a 30-hydroxyl, while kaempferol
does not, as does the structure of astragalin and quercetin-3-O-b-D-
glucoside (see Fig. 3). Based on the aforementioned findings, Rule 1 states
‘‘Flavonol with more hydroxyls is eluted out earlier.’’ Du and co-workers[8]

describes the separation and purification of flavonol glycosides from
leaf extracts of Ampelopsis grossedentata by HSCCC with n-hexane-ethyl
acetate-methanol-water, where 5,7-dihydroxy-30,40-trihydroxyflavone-3-O-600-
rhamnose was eluted out prior to 5,7-dihydroxy-30,40,50-dihydroxyflavone-3-
O-600-rhamnose, according to Rule 1. The results also showed that
quercetin-3-O-b-D-glucoside, quercetin-7-O-b-D-glucoside, astragalin, 40-methoxyl-
quercetin-7-O-b-D-glucoside, quercetin-30-O-b-D-glucoside, 8-methoxyl-
kaempferol-7-O-b-D-rhamnoside were eluted earlier than kaempferol and
quercetin (see Fig. 2. and Fig. 3). Rule 2 is ‘‘Flavonol glycoside with more
O-glycosyl is eluted out earlier.’’ The result of Zhou and co-workers[25] can
prove this rule again. And, from the results that quercetin-7-O-b-D-
glucoside was eluted earlier than 40-methoxyl-quercetin-7-O-b-D-glucoside
(see Fig. 2B), Rule 3 states ‘‘When the hydroxyl of flavonol turns to meth-
oxyl, the retention time is increased.’’ Quercetin-3-O-b-D-glucoside was
eluted before isorhamnetin 3-O-b-D-glucoside in the Ref. [9], which agrees
well with Rule 3. Quercetin-3-O-b-D-glucoside, quercetin-7-O-b-D-glucoside
and quercetin-30-O-b-D-glucoside have the same mother structure and the
same glycoside substituent, the only difference is the link position. Rule
4 is ‘‘Flavonol with 3-glycosyl is eluted out earlier than flavonol with
7-glycosyl or 30-glycosyl.’’
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