This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

L]l \L OF
LIQUID
CHROMATOGRAPHY

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:

http://www.informaworld.com/smpp/title~content=t713597273
E.

Preparative Separation and Isolation of Three Flavonoids and Three
Phloroglucinol Derivatives from Hypericum japonicum Thumb. using
High-Speed Countercurrent Chromatography by Stepwise Increasing the
|| Flow Rate of the Mobile Phase

| Jinyong Peng? Guorong Fan* Yutian Wu?®
' * Shanghai Key Laboratory for Pharmaceutical Metabolite Research, School of Pharmacy, Second

o Eloctrop
Supsoiical Fluid T
Pl ane T
Fiesd®Flow Fractio
Proparat«a & Anaktical Si
Exfitess by
dack Cazes, Fh.O.

Military Medical University, Shanghai, P. R. China

To cite this Article Peng, Jinyong , Fan, Guorong and Wu, Yutian(2006) 'Preparative Separation and Isolation of Three
Flavonoids and Three Phloroglucinol Derivatives from Hypericum japonicum Thumb. using High-Speed Countercurrent

Chromatography by Stepwise Increasing the Flow Rate of the Mobile Phase', Journal of Liquid Chromatography &
Related Technologies, 29: 11, 1619 — 1632

To link to this Article: DOI: 10.1080/10826070600678357
URL: http://dx.doi.org/10.1080/10826070600678357

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be |iable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826070600678357
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18:15 23 January 2011

Downl oaded At:

Journal of Liquid Chromatography & Related Technologies®, 29: 1619-1632, 2006
Copyright © Taylor & Francis Group, LLC

ISSN 1082-6076 print/1520-572X online

DOI: 10.1080/10826070600678357

Preparative Separation and Isolation of
Three Flavonoids and Three Phloroglucinol
Derivatives from Hypericum japonicum
Thumb. using High-Speed Countercurrent
Chromatography by Stepwise Increasing
the Flow Rate of the Mobile Phase

Jinyong Peng, Guorong Fan, and Yutian Wu
Shanghai Key Laboratory for Pharmaceutical Metabolite Research,
School of Pharmacy, Second Military Medical University, Shanghai,
P. R. China

Abstract: A preparative high-speed counter-current chromatography (HSCCC)
was used to isolate and separate chemical compounds from the medicinal plant
H. japonicum. First, the ethanol extract of H. japonicum was directly isolated by
HSCCC without any preparation and three flavonoid glycosides including isoquercitrin,
quercitrin, and quercetin-7-O-rhamnoside were successfully purified using a two-phase
solvent system composed of ethyl acetate—ethanol—water at the volume ratio of 5:1:5
(v/v) by increasing the flow rate of the mobile phase from 1.0 mL/min to 2.0 mL/min
after 120 min. After 400 min, the remaining compounds, mainly containing three phlor-
oglucinol derivatives including sarothialen A, sarothralen B, and sarothalin G in the
HSCCC column were forced out by pressurized nitrogen gas, which were further
successfully separated by HSCCC with a two-phase solvent system composed of
n-hexane—ethyl acetate—ethanol-water at the volume ratio of 1:1.2:1.2:1 (v/v) by
increasing the flow rate of the mobile phase from 1.2 mL/min to 2.2mL/min after
120 min. The fractions obtained from HSCCC were analyzed by high performance
liquid chromatography, and the separation produced a total of 124 mg isoquercitrin,
85mg quercitrin, 68 mg quercetin-7-O-rhamnoside, 24 mg sarothialen A, 18mg
sarothralen B, and 58 mg sarothalin G from 750 mg ethanol extract, with the purities
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of 98.6%, 95.8%, 95.6%, 96.5%, 95.4%, and 98.6%, respectively. The chemical
structural identification was carried out by MS, 'H NMR, and 13C NMR.

Keywords: Preparative chromatography, Countercurrent chromatography, Hypericum
Jjaponicum Thumb., Plant material, Flavonoid, Phloroglucinol derivatives

INTRODUCTION

H. japonicum. (Tianjihuang in Chinese), a herblet and stem slender, small and
yellow, bitter and acrid in taste, and mild in nature, is a famous traditional
Chinese medicinal herb used for the treatment of bacterial diseases, infectious
hepatitis, gastrointestinal disorder, internal hemorrhage, and tumors.!' 3! The
herb grows widely in the warm and humid southern China (Jiangxi, Fujian,
Guangdong, Guangxi, Sichuan, and Guizhou provinces). It is a profile
producer of secondary metabolites, and the major chemical constituents are con-
sidered to be flavonoids mainly including isoquercitrin, quercitrin, and
quercetin-7-O-rhamnoside (Figure 1), and phloroglucinol derivatives mainly
including sarothialen A, sarothralen B, and sarothalin G (Figure 1). These
pure products from medicinal plants have been widely isolated and separated
by some conventional techniques including silica gel, polyamide, macroporous
resin, preparative liquid chromatography, and thin layer chromatography.
However, these classical methods have some shortcomings, such as tedious,
time consuming, needing multiple steps, and causing samples loss. So, an
efficient method for the preparative purification and isolation natural materials
from raw resources is warranted. High-speed countercurrent chromatography
(HSCCC), a support free liquid—liquid partition chromatographic technique,
eliminates irreversible adsorption of the sample onto solid support, and has an
excellent sample recovery. The method permits direct introduction of crude
samples into the column without more preparation, so it has been successfully
applied to isolate and purify a number of natural products.*~® However,
there have been no reports of using HSCCC to isolate and separate isoquercitrin,
quercitrin, quercetin-7-O-rhamnoside, sarothialen A, sarothralen B, and sarotha-
lin G from Tianjihuang through a literature search.

The aim of the present paper, therefore, was to develop an efficient
method to isolate and purify isoquercitrin, quercitrin, quercetin-7-O-rhamno-
side, sarothialen A, sarothralen B, and sarothalin G from the medicinal plant
H. japonicum by HSCCC.

EXPERIMENTAL
Apparatus

Preparative HSCCC was carried out with a model TBE—300A high-speed
countercurrent chromatography (Shenzhen, Tauto Biotech, China). The
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Figure 1. Chemical structures of isoquercitrin, quercitrin, quercetin-7-O-rhamno-
side, sarothialen A, sarothralen B, and sarothalin G.

apparatus was equipped with three polytetra-fluoroethylene preparative coils
(diameter of tube, 2.6 mm, total volume, 300 mL) and a 20 mL sample loop.
The revolution radius or the distance between the holder axis and central
axis of the centrifuge (R) was 5cm, and the B value varied from 0.5 at the
internal terminal to 0.8 at the external terminal (8 =r/R where r is the
distance from the coil to the holder shaft). The HSCCC system was
equipped with a model S constant flow pump, a model UV-II detector
operating at 280 nm, and a model N2010 workstation (Zhejiang University,
Hangzhou, China). The experimental temperature was adjusted by an HX
1050 constant temperature circulating implement (Beijing Boyikang Lab
Implement, Beijing, China). The analytical HPLC system used throughout
this study consisted of LC—10AT pump and a SPD-10A UV-Vis detector
(Shimadzu, Japan), and a model N2000 workstation (Zhejiang University,
Hangzhou, China).
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Reagents

Ethyl acetate, n-hexane, methanol, ethanol, acetic acid, were analytical grade
and purchased from WuLian Chemical Factory (Shanghai, China). Aceto-
nitrile was HPLC grade (Merck, Germany). Reverse osmosis Milli-Q water
(18 MQ) (Millipore, USA) was used for all solutions and dilutions. The
H. japonicum was purchased from a local drug store (Shanghai, China).

Preparation of the Crude Extract

The H. japonicum was ground into powder, 500 g of the powder was first
extracted by reflux with 40% aqueous ethanol and filtered. Then the residue
was re-extracted with 95% aqueous ethanol. The extraction solution was
filtered and combined, and then evaporated to dryness by rotary vaporization
at 60°C under reduced pressure. The light yellow powder was obtained, which
was used for HSCCC isolation and purification.

Preparation of Two-Phase Solvent System and Sample Solution

Two kinds of solvent systems were selected and used in the present paper. One
was composed of ethyl acetate—ethanol—water (5:1:5, v/v/v) and used to isolate
the flavonoids, and the other was composed of n-hexane—ethyl acetate—
ethanol—water (1:1.2:1.2:1, v/v) used for phloroglucinol derivatives separation.
The solvent mixtures were thoroughly equilibrated in a separated funnel at room
temperature, and the two phases were separated shortly before use. The sample
solution was prepared by dissolving the crude sample in the solvent mixture of
lower phase and upper phase (1:1, v/v) of the solvent system used for isolation,
because the sample was not easy dissolved in either phase.

HSCCC Separation Procedure

In HSCCC separation, the coil column was first entirely filled with the upper
phase of the solvent system. Then the apparatus was rotated at 800 rpm, while
the lower phase was pumped into the column at a flow rate of 1.0 mL/min in
the first step for three flavonoids isolation and 1.2 mL/min in the second step
for three phloroglucinol derivatives separation. After the mobile phase front
emerged and hydrodynamic equilibrium was established in the column,
about 16 mL sample solutions containing 750 mg of the ethanol extract for
the first isolation and 280 mg of the remaining compounds after the first
HSCCC purification, were injected through the injection value. After
120 min, the flow rate was increased to 2.0 mL/min in the first step and
2.2mL/min in the second step. The effluent of the column was continuously
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monitored with a UV-Vis detector at 280 nm. Peak fractions were collected
according to the elution profile.

HPLC Analysis and Identification of CCC Peak Fractions

The crude samples and the peak fractions obtained by HSCCC were analyzed
by high performance liquid chromatography. The column used was a
Lichrospher Cg (4.6 mm x 250 mm i.d., 5 pm) (Hanbang Science, Jiang-Su
province, China) with a pre-column equipped with the same stationary
phase, the mobile phases used in the present paper were CH;CN—-H,O—
HAC (20:80:1, v/v/v) for flavonoids analysis and CH3;CN-H,O-HAC
(55:45:1, v/v/v) for phloroglucinol derivatives analysis. The flow rate was
set at 1.0 mL/min, and the effluent was monitored at 280 nm.

Identification of the CCC peak fractions was carried out by MS
(Varian—1200L), '"H NMR, and '*C NMR spectra (Varian Unity Inova—500).

RESULTS AND DISCUSSION
Optimization of HPLC Method

Isoquercitrin, quercitrin, and quercetin-7-O-rhamnoside are three glycosides
and could be dissolved in some polar solutions. So, low concentration of
methanol or acetonitrile was used to separate the targets on a reversed-
phase HPLC column. However, sarothialen A, sarothralen B, and sarothalin G
are three non-polar compounds, and high concentration of methanol or aceto-
nitrile was required in HPLC analysis. In the present paper, different mobile
phases (methanol—water, acetonitrile—water) with different concentrations
of acetic acid, different flow rates, and column temperatures were all tested.
The results indicated that the mobile phase was acetonitrile—water—acetic
acid at a volume ratio of 20:80:1 (v/v/v), and the flow rate, column tempera-
ture, and detection wavelength were set at 1.0 mL/min, 30°C and 280 nm,
which were most suitable for flavonoids analysis. While the volume ratio of
acetonitrile—water—acetic acid was changed into 55:45:1 (v/v/v), and the
flow rate, column temperature, and detection wavelength were used the
same as above depiction, which were most suitable for phloroglucinol
derivatives analysis. The ethanol extract from H. japonicum was analyzed
by the two kinds of analytical conditions to detect the flavonoids and the phlor-
oglucinol derivatives, and the HPLC chromatograms are shown in Figure 2A
and B. It is obvious that the six compounds all obtained baseline separation,
and the separation times were less than 25 min for flavonoids and 35 min
for phloroglucinol derivatives. Peaks 1, 2, 3, 4, 5, and 6 correspond to isoquer-
citrin, quercitrin, quercetin-7-O-rhamnoside, sarothialen A, sarothralen B, and
sarothalin G, respectively.
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Figure 2. HPLC chromatograms of the ethanol extract from H. japonicum under
different analytical conditions. (A) Column: reversed-phase Lichrospher Cig
(4.6mm x 250 mm i.d., 5 wm); mobile phase: CH;CN-H,O-HAC (20:80:1, v/v/v);
flow rate: 1.0mL/min; UV wavelength: 280 nm; column temperature: 30°C; 1: iso-
quercitrin; 2: quercitrin; 3: quercetin-7-O-rhamnoside. (B) Column: reversed-phase
Lichrospher C;g (4.6mm x 250 mm i.d., 5 um); mobile phase: CH;CN-H,O-HAC
(55:45:1, v/v/v); flow rate: 1.0 mL/min; UV wavelength: 280 nm; column temperature:
30°C; 4: sarothialen A; 5: sarothralen B; 6: sarothalin G.

Selection of Two-Phase Solvent Systems for HSCCC Isolation

In HSCCC, the selection of the two-phase solvent system is the most
important for successful separation, and is also the most difficult step; it is
estimated that about 90% of the entire work in HSCCC is spent on this.
If only one compound needs to be separated from the others, the standard
HSCCC method, which uses a constant flow rate of the mobile phase, could
be used. In order to isolate more different compounds, stepwise elution or
stepwise increasing the flow rate of the mobile phase might be adopted.'"'"
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First, we intended to simultaneously isolate and separate the six target
compounds from the ethanol extract of the medicinal plant, and a lot of
tests have been carried out including selection of suitable solvent systems,
suitable flow rate of the mobile phase, column temperature, and revolution
speed of the apparatus, and even the modes of stepwise elution and
stepwise increasing the flow rate of the mobile phase were all examined.
Especially, the solvent system composed of n-hexane—ethyl acetate—
methanol—water, which could be used to isolate and separate a widely
range of compounds by modifying the four kinds of solvents, was carefully
examined. However, the results were not satisfactory. So, simultaneous
isolation and separation of isoquercitrin, quercitrin, quercetin-7-O-rhamno-
side, sarothialen A, sarothralen B, and sarothalin G from the ethanol extract
could not be achieved by HSCCC in our research. Finally, we planed to use
a two-step HSCCC separation mode to isolate the target compounds. A
suitable solvent system was first selected to separate isoquercitrin, quercitrin
and quercetin-7-O-rhamnoside from the ethanol extract, then the non-polar
compounds, including sarothialen A, sarothralen B and sarothalin G
retained in the HSCCC column was further separated by another suitable
solvent system.

In the first step, the HSCCC experiment was carried out with the two-
phase solvent system composed of n-butanol-water (1:1, v/v) to isolate the
flavonoids. Although isoquercitrin could be separated from the crude
sample, it was difficult to purify the other two compounds. Then, chloro-
form—methanol-water (4:3:2, v/v/v) was used. It was, however, not
practical to purify the flavonoids from the crude extract, because the time
they were retained in the column was too long. Subsequently, a two phase
solvent system composed of ethyl acetate—n-butanol-water (2:1:3, v/v/v)
was tested. Although the peak resolution was improved, and isoquercitrin
could be separated from others, it was difficult to purify quercitrin and
quercetin-7-O-rhamnoside, which were eluted out together in one fraction.
With the solvent system composed of ethyl acetate—ethanol—water (5:1:5,
v/v/v), the peak resolution was improved at 1.0mL/min of the flow rate of
the mobile phase, but quercetin-7-O-rhamnoside was retained in the column
for a long period of time (> 10h). Finally, the method with stepwise increasing
the flow rate of the mobile phase was developed with this kind of solvent
system. That is, the flow rate of the mobile phase was kept at 1.0 mL/min
before 120 min, and subsequently, increased to 2.0 mL/min after 2h. The
isolation of the target compounds was achieved with good peak resolution,
and the retention of the stationary phase was 42%. After isoquercitrin, querci-
trin, and quercetin-7-O-rhamnoside were eluted, the remaining compounds in
the HSCCC column were removed by forcing out the stationary phase with
pressurized nitrogen gas instead of eluting them with the mobile phase. The
selected solution was evaporated to dryness by rotary vaporization at 60°C
under reduced pressure. A black solid (280 mg) was obtained and subjected
to further HSCCC isolation. Figure 3 shows the preparative HSCCC
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Figure 3. HSCCC chromatogram of the ethanol extract from H. japonicum. Solvent
system: ethyl acetate—ethanol-water (5:1:5, v/v/v); stationary phase: upper phase;
mobile phase: lower phase; flow rate, 0—120 min, 1.0mL/min and 120-400 min,
2.0 mL/min; detection wavelength: 280 nm; sample size: 750 mg; retention of station-
ary phase: 42%; separation temperature: 30°C; revolution speed: 800 rpm; sample loop:
20mL. The arrow indicates the flow rate of the mobile phase was increased stepwise
from 1.0 to 2.0 mL/min after 2 h.

isolation of 750 mg of ethanol extract, using the solvent system composed of
ethyl acetate—ethanol—water (5:1:5, v/v/v), by increasing the flow rate of
the mobile phase from 1.0mL/min to 2.0mL/min after 120 min. Four
fractions (I, II, III, IV) were obtained according to the elution profile.
Figure 4 shows the HPLC chromatogram of the remaining compounds
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Figure 4. HPLC chromatogram of the remaining compounds in the HSCCC column
after the first step isolation. HPLC conditions and the peaks were the same as shown in
Fig. 2(B) .



18:15 23 January 2011

Downl oaded At:

Isolation of Flavonoids and Phloroglucinol Derivatives 1627

retained in the HSCCC column after the first-step separation, which mainly
contained sarothialen A, sarothralen B, and sarothalin G.

In the second step, a solvent system composed of n-hexane-—ethyl
acetate—ethanol—water at the volume ratio of 1:0.4:0.5:1 (v/v) was first
examined, but no pure compound could be obtained in 10h because of their
long retention time in the column. The volume ratio of the solvent system
was changed to 1:2:2:1 (v/v), however, it was very difficult to purify the
phloroglucinol derivatives, because of their short retention time in the
column. Subsequently, a solvent system composed of n-hexane-—ethyl
acetate—ethanol—water at the volume ratio of 1:1.2:1.2:1 (v/v) was tested at
1.2mL/min of the flow rate of the mobile phase. The peak resolution was
improved and sarothialen A was obtained, but sarothalin G was retained in
the column for a long time (> 10 h). Finally, the method with stepwise increas-
ing the flow rate of the mobile phase was developed with this kind of solvent
system. That is, the flow rate of the mobile phase was kept at 1.2 mL/min
before 120 min, and subsequently increased to 2.2mL/min after 2h. The
isolation of the target compounds was achieved with good peak resolution,
and the retention of the stationary phase was 64%. After sarothialen A, saro-
thralen B, and sarothalin G were eluted out, the remaining compounds in the
column were removed by forcing out the stationary phase with pressurized
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Figure 5. HSCCC chromatogram of the remaining compounds after the first step
HSCCC separation. Solvent system: n-hexane—ethyl acetate—ethanol—water
(1:1.2:1.2:1, v/v); stationary phase: upper phase; mobile phase: lower phase; flow
rate, 0—120 min, 1.2 mL/ min and 120—400 min, 2.2 mL/ min; detection wavelength:
280 nm; sample size: 280 mg; retention of stationary phase: 64%; separation tempera-
ture: 30°C; revolution speed: 800 rpm; sample loop: 20 mL. The arrow indicates the
flow rate of the mobile phase was increased stepwise from 1.2 to 2.2 mL/min after 2 h.
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nitrogen gas instead of eluting them with the mobile phase, because the mobile
phase was not to be reused. Figure 5 shows the preparative HSCCC isolation of
280 mg of crude extract after the first HSCCC isolation, using the solvent
system composed of n-hexane—ethyl acetate—ethanol—water at the volume
ratio of 1:1.2:1.2:1 (v/v) by increasing the flow rate of the mobile phase
from 1.2mL/min to 2.2 mL/min after 120 min. Three fractions (V, VI, VII)
were obtained according to the elution profile.
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Figure 6. HPLC chromatograms of isoquercitrin, quercitrin, and quercetin-7-O-
rhamnoside purified from the ethanol extract by HSCCC. HPLC conditions and the
peaks were the same as shown in Fig. 2 (A). A: fraction I purified by HSCCC; B:
fraction II purified by HSCCC; C: fraction III purified by HSCCC.



18:15 23 January 2011

Downl oaded At:

Isolation of Flavonoids and Phloroglucinol Derivatives 1629
HPLC Analysis and Chemical Structure Identification

The fractions obtained from HSCCC were all analyzed by HPLC. In the first step
isolation, three fractions (I, I, III) contained only one peak with the purities of
98.6%, 95.8%, and 95.6%, respectively (Figure 6), and one (IV) was not a pure
fraction and contained several peaks (chromatogram not shown). In the second
step separation, the obtained three fractions (V, VI, VII) contained only one peak
with the purities of 96.5%, 95.4%, and 98.6%, respectively (Figure 7).
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Figure 7. HPLC chromatograms of sarothialen A, sarothralen B, and sarothalin G
purified from the remaining compounds after the first step HSCCC purification. HPLC
conditions and the peaks were the same as shown in Fig. 2 (B). A: fraction V purified
by HSCCC; B: fraction VI purified by HSCCC; C: fraction VII purified by HSCCC.
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The isolation and purification produced a total of 124 mg isoquercitrin, 85 mg
quercitrin, 68 mg quercetin-7-O-rhamnoside, 24 mg sarothialen A, 18 mg
sarothralen B, and 58 mg sarothalin G from 750 mg ethanol extract of H.
Jjaponicum using this two-step preparation procedure.

The chemical structure identification was carried out by MS, 'H NMR, and
3C NMR as follows. Fraction I: light yellow powder, ESI-MS: 472.1
[M + Na]™. Fraction II: light yellow powder. ESI-MS: 487.1 [M + Na]™.
Fraction III: yellow powder, ESI-MS: 448.0 [M]*. Fraction V: light yellow
plate, ESI-MS: 533.4 [M — H] . Fraction VI: yellow plate, ESI-MS: 565.3
[M — H] . Fraction VII: light yellow semi-solid, ESI-MS: 583.4 [M-H] .
All ESI-MS spectra of the six fractions obtained from HSCCC are shown in
Figure 8. Their "H NMR and '*C NMR data are in agreement with those in
the literatures.*'! =16l
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Figure 8. The ESI-MS spectra of the obtained compounds from H. japonicum by
HSCCC.
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CONCLUSION

The outcome indicated that an efficient method has been developed by us to
isolate three flavonoids and three phloroglucinol derivatives from the
medicinal plant H. japonicum using HSCCC by stepwise increasing the flow
rate of the mobile phase. Three flavonoids, including isoquercitrin, quercitrin,
and quercetin-7-O-rhamnoside, were successfully purified using HSCCC with
a two-phase solvent system composed of ethyl acetate—ethanol —water at the
volume ratio of 5:1:5 (v/v) by increasing the flow rate of the mobile phase
from 1.0mL/min to 2.0mL/min after 120 min. Three phloroglucinol
derivatives, including sarothialen A, sarothralen B, and sarothalin G, were
successfully separated using HSCCC with a two-phase solvent system
composed of n-hexane—ethyl acetate—ethanol—water at the volume ratio of
1:1.2:1.2:1 (v/v) by increasing the flow rate of the mobile phase from
1.2mL/min to 2.2mL/min after 120 min. Our results also indicated that
HSCCC is a powerful tool to isolate and separate natural products from
medicinal plants.
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