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Polyethyleneimine (PEI) and ethylenediamine (EDA) as modifiers were bonded on active carbon (AC)
surface for specific selective extraction of quercetin from Oldenlandia diffusa. The characteristics of
the modified AC materials that were obtained were investigated by field emission-scanning electron
microscopy (FE-SEM) and Fourier transform infrared spectrometer (FT-IR). The interactions between
quercetin and the AC materials were investigated by fitting the static adsorption data to four linear
and nonlinear adsorption isotherm models. Of these four models, the Langmuir-Freundlich adsorption

Iéig:’ﬁ;ﬁ;a diffusa isotherm was proved the best for investigating quercetin on AC materials. Scatchard analysis was used
Extraction to evaluate the binding properties of the AC materials for quercetin. Solvent extraction and solid-phase
Quercetin extraction (SPE) were optimized, and the effect of the mobile phase pH was investigated to improve the

performance for the separation of quercetin on high performance liquid chromatography (HPLC). The
results from the validation of the proposed analytical method demonstrated that the EDA-modified AC

Modified active carbon
Adsorption isotherm

was the most suitable SPE cartridge for the purification of quercetin from O. diffusa.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Oldenlandia diffusa is a commonly used herb in traditional Chi-
nese medicine for the treatment of disease [1,2]. It contains many
beneficial bioactive components such as phytosterols, ursolic acid,
and quercetin [3-5]. These active ingredients are used to treat a
variety of diseases such as hepatitis, tonsillitis, appendicitis, ure-
thral infection and cancers [6-8]. Quercetin (Fig. 1) is a polyphenolic
flavonoid found in many plants and is used as a nutritional sup-
plement [9]. It is the aglycone form of several other flavonoid
glycosides such as rutin and quercitrin and exists as glucosides in
fruits and vegetables [10,11]. As well as helping in the prevention of
cancers, it has antioxidant, anti-histamine, and anti-inflammatory
effects [12-14].

Ultrasonic-assisted extraction (UAE) has been used for the
extraction of bioactive compounds from plants, and can effec-
tively expedite extraction and increase its efficiency [15]. However,
the methods of purifying the target compounds from the solvent
extract need to be improved. Solid-phase extraction (SPE) is the
most used target-substrate pretreatment of complicated matrices
[16], with research ongoing to find suitable SPE materials for spe-
cific applications.

Active carbon (AC) is a commonly used porous adsorbent mate-
rial. It has a very large surface area and mechanical resistance
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suitable for adsorption or chemical reactions [17,18]. It is widely
used in gas and water purification, sewage treatment, gas mask
filters and many other applications [19-22]. Sufficient activation
of AC for useful applications may be generated by its high sur-
face area, but further chemical treatment can enhance its adsorbing
properties. According to the purpose, the AC surface textures and
compositions can be modified to enhance their efficiency. A com-
mon modification involves binding functional groups to its surface
[23]. Polyethyleneimine (PEI) is a polymer with a large quantity of
amino groups on linear macromolecular chains. Ethylenediamine
(EDA) is a strongly basic amine and is widely used in chemical syn-
theses. Both can be used to modify AC surfaces for the selective
extraction of plant compounds [21,24].

In this work, PEI- and EDA-modified AC cartridges were fab-
ricated for the SPE of quercetin from O. diffusa. The modified AC
was characterized by field emission-scanning electron microscopy
(FE-SEM) and Fourier transform infrared (FT-IR) spectrometer. The
interactions between quercetin and AC were investigated by fitting
the static adsorption data to four linear and nonlinear adsorption
isotherms. The AC materials were further examined by high per-
formance liquid chromatography (HPLC) with UAE .

2. Experimental
2.1. Reagents and materials

0. diffusa powders were bought from a local market (Incheon,
Korea). AC (30-89 wm, average specific surface area, 1150 m?/g)
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Fig. 1. Chemical structure of quercetin.

and quercetin were purchased from Sigma (St Louis, MO, U.S.A.).
EDA was purchased from Fluka (Buchs, Switzerland.). PEI was
purchased from Supelco (Bellefonte, PA, USA). Methanol, ethanol,
chloroform and acetonitrile (ACN) were obtained from Duksan Pure
Chemical Co., LTD (Ansan, Korea). All the other reagents used in the
experiment were HPLC or analytical grade. Double distilled water
was filtered with a vacuum pump (Division of Millipore, Waters,
U.S.A.) and filter (HA-0.45, Division of Millipore, Waters, U.S.A.)
before use. All the samples were filtered by using a filter (MFS-
25, 0.2 wm TF, WHATMAN, U.S.A.) before injection into the HPLC
system.

2.2. Apparatus

The chromatographic system consisted of a Waters 600s
Multi solvent Delivery System, Waters 616 liquid chromatogra-
phy (Waters Associates, Milford, MA, U.S.A.), a Rheodyne injector
(20 pL sample loop) and a variable wavelength 2487 UV dual chan-
nel detector. Autochro-2000 software (Younglin Co. Ltd., Korea)
was used for data acquisition. The analysis was performed on an
OptimaPak Cqg column (5(m, 150 x 4.6 mm, i.d., RS tech Corpo-
ration, Daejeon, Korea) with a guard column (10 x 4.6 mm, i.d.)
packed with C;g materials. Deionized water was filtered with a
vacuum pump (Division of Millipore, Waters, U.S.A.) and a filter
(HA-0.45, Division of Millipore, Waters, U.S.A.) before use. All the
samples were filtered by using a filter (MFS-25, 0.2 wm TF, WHAT-
MAN, U.S.A.) before injection into the HPLC system. All of the
glassware for preparation of the samples and standard solutions
was washed with deionized water and acetone and then dried at
room temperature.

2.3. Preparation of the modified AC

The PEI- and EDA-modified AC were both prepared by wet
impregnation. In typical reactions, 4.0g PEI or 5.0 mL EDA were
mixed with 40.0 mL methanol in a flask under stirring for 30 min, to
which 5.0 g dry blank AC (30-89 p.m) was then added. The mixtures
were continuously stirred for 1 h, and then placed in a water bath for
polymerization at 80 °C under reduced pressure (500 mmHg). Poly-
merizations were allowed to proceed for 24 h before the treated AC
was filtered and washed with water to remove any excess PEI or
EDA. The modified AC was dried overnight at 50 °C.

2.4. Characteristics of the modified AC

The blank AC, and PEI- and EDA-modified AC materials were
dried at 50°C overnight. The microstructures of these materials
were observed by FE-SEM (S-4200 model, Hitachi, Japan,) operated
at 15kV.

FT-IR spectra were obtained employing a VERTEX 80V FT-
IR Vacuum Spectrometer (Bruker, Karlsruhe, Germany) with a

deuterated L-alanine doped triglycine sulfate (DLaTGS) detector.
Samples (blank AC, and PEI- and EDA-modified AC) were scanned
as KBr disks (1%, w/w); resolution: 4cm~!. The data region was
400-4000 cm™!, operation in auto mode and the number of scans
per spectrum 16. Spectra were obtained in transmission and
absorption mode for the identification and the quantitative deter-
mination, respectively. Two milligrams of sample was mixed with
200mg KBr and ground gently with an agate pestle and mortar
under an infrared lamp and afterwards was pressed into a 13-mm
diameter disk by applying 10 tons pressure for 2 min.

2.5. Sample preparation and chromatography

Stock standard quercetin solutions were prepared by dissolving
the drug in methanol to achieve a final concentration of 1,000 mg/L.
A series of standard solutions was then prepared at nine different
concentrations from 0.50 to 100.0 mg/L. HPLC separation was con-
ducted using ACN-H,0-H3P0O4 =25:75:0.05 (pH=5.5, v/v/v) as the
mobile phase with a flow rate of 0.7 mL/min and detection was
carried out at 360 nm.

2.6. Adsorption of quercetin on the modified AC

The static adsorption method was performed on the blank AC,
and PEI- and EDA-modified AC materials, respectively, with 0.02 g
of modified AC particles being placed in several flasks. Quercetin
standard solutions (1.0 mL) with nine different concentrations were
added into the flasks, and the suspension was stirred for 48 h at
25°C to ensure complete adsorption of quercetin on AC particles.
The supernatant solution was then collected, filtered and injected
into the HPLC system at 25 °C. The adsorption quantity of quercetin
on the modified AC was calculated by subtracting the unabsorbed
concentrations from the initial concentrations of quercetin.

The adsorption quantity of quercetin on amino-modified AC is
determined as follows:

(Co—C)xV
M

where Q (mg/g) is the adsorption quantity of quercetin on the mod-
ified AC at equilibrium, Cy (mg/L) the initiator concentration, C
(mg/L) the unabsorbed concentration, V(L) the volume of the sam-
ple solvent,and M (g) the mass of AC particles. Q was obtained by Eq.
(1), after which the experimental parameters were estimated and
compared with the equilibrium isotherms by linear and nonlinear
regression analysis. The experimental adsorption isotherms were
fitted to the linear, Langmuir, Freundlich and Langmuir-Freundlich
models. This process was accomplished by using the solver function
in OriginPro 7.5 software (OriginLab Corporation, MA, U.S.A.) and
varying the fitting parameters to reach a value of 1 for the squared
correlation coefficient (r2).

Q= (1)

2.7. Extraction of quercetin

In a typical procedure, 2.0 g O. diffusa powder samples were dis-
solved in 0.03 L of each of chloroform, ethanol, methanol and water.
Quercetin underwent UAE at 25 °C for 20, 40, 60, 80 and 100 min.
After stirring, the extracts were sonicated and filtered. Finally, the
extracts were concentrated to a volume of 10.0 mL using a rotary
evaporator.

The blank and modified AC (0.2 g) were packed into empty
polypropylene cartridges (50 x 8.0 mm, i.d.), and preconditioned
with dichloromethane and ACN, respectively. The extract solu-
tions (0.5 mL) were loaded into the SPE cartridges and washed with
5.0 mL water to remove interfering substances. The extracts were
then eluted with 2.0 mL ACN. The filtrates were evaporated to dry-
ness and reconstituted in 0.5 mL mobile phase for further HPLC
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Fig. 2. FE-SEM images of three AC materials (30-89 wm) (a, blank AC; b, PEI-modified AC; c, EDA-modified AC).

analysis. The SPE cartridge was washed with ACN for subsequent
use.

3. Results and discussion
3.1. Characteristics of the modified AC

ACisaporous material with high surface area, and further chem-
ical treatment can enhance its selective absorbing properties. PEI
and EDA are both commonly used alkaline solvents in chemical
reactions. In order to improve the selectivity of AC, PEI and EDA
were bonded as modifiers onto the AC surfaces for the selective
extraction of quercetin from O. diffusa. By comparing the weights
of the modified AC with the original blank AC, the contents of the
alkaline modifiers were estimated as 65.3 and 38.9 mg/g for PEl and
EDA, respectively.

The microstructures of AC materials are evaluated by FE-SEM.
FT-IR analysis provided rapid acquisition of a large amount of spec-
tral data in a wide spectral range, and it is used to further verify
the exits of bonded functional groups on AC materials. FE-SEM
images of the blank (Fig. 2a), and PEI- (Fig. 2b) and EDA-modified AC
(Fig. 2¢) show the surface morphology changes of AC materials, and
Fig. 3 showed the FT-IR absorbance spectrums of three AC materials.
1000-1350cm™! is the characteristic of C-N stretching vibration
region, and 1400 cm~! is the stretching vibration peak of methylene

of the alkaline modifiers. 1340-1465cm~! and 2850-3000 cm™!
are the characteristics of C-H flexural and stretching vibration
regions, respectively. Moreover, the peak of 3430 cm~! is caused by
some adsorbed water molecules on the AC materials. These results
indicate that the alkaline modifiers were bonded to the AC surface
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Fig. 3. FT-IR absorbance spectrums of three AC materials.
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Table 1 Table 2
Adsorption quantity (Q, mean + SD, n=3) of quercetin on AC materials at 25°C. Parameters in adsorption isotherm of AC materials.
C(mg/L) Q(mg/g) Material Adsorption Parameters 2
N . equation no.
Blank AC (M +SD) PEI modified AC(M+SD) Ethylenediamine
modified AC (M £ SD) a b c
0.50 0.0147 £ 0.0014 0.0137 £+ 0.0012 0.0156 + 0.0015 (2) 0.0161 0.0158 - 0.9282
0.80 0.0278 £ 0.0029  0.0225 + 0.0020 0.0267 + 0.0026 3) 0.0413 0.0248 - 0.9940
1.00  0.0372 +0.0033  0.0368 + 0.0027 0.0411 + 0.0051 Blank AC (4) 0.0946 - 1.7818  0.9886
5.00 0.1883 + 0.0051 0.1767 + 0.0063 0.2089 + 0.0084 (5) 0.0601 0.0285 0.8351 0.9956
10.00 0.4017 £ 0.0178  0.4389 + 0.0123 0.4412 + 0.0161 (2) 0.0176 0.0109 - 0.9405
30.00 0.6874 + 0.0236  0.6553 + 0.0155 0.7828 + 0.0223 . 3) 0.0344 0.0156 - 0.9842
5000  0.8567 £ 0.0251 0.8694 + 0.0242 1.0256 + 0.0345 PEImodified AC ) 0.0807 - 16168  0.9879
80.00 1.1402 + 0.0336 1.2874 + 0.0385 1.4582 + 0.0467 (5) 0.0672 0.0131 0.7227 0.9889
100.00 1.1976 + 0.0412 1.3452 + 0.0374 1.6932 + 0.0579 (2) 0.0210 0.0106 - 0.9537
Ethylenediamine  (3) 0.0353 0.0115 - 0.9912
modified AC (4) 0.0799 - 1.5097 0.9961
(5) 0.0752 0.0040 0.6951 0.9962

with irreversibly bound amino groups. To demonstrate the inter-
actions between quercetin and the modified AC, static adsorption
was performed as a further test.

3.2. Adsorption isotherm models

Static adsorption was performed on the blank AC, and PEI- and
EDA-modified AC materials with 1.0 mL quercetin standard solu-
tions on 0.02 g modified AC particles in a flask. The adsorption
quantities, Q (mg/g, Mean £ SD, n = 3), of quercetin on the AC mate-
rials at 25°C are shown in Table 1.

The adsorption isotherm describes how the adsorbed molecules
were distributed between the liquid and solid phases at equi-
librium, and can provide qualitative information about the
solute-adsorbent interaction at constant temperature [17,25]. In
this study, the following four isotherm models were used to
describe the results: linear (2), Langmuir (3), Freundlich (4) and
Langmuir-Freundlich (5) [26,27]:

Q=aC+b (2)
aC

Q=1 +bC (3)

Q =aC/* (4)
aC¢

Q=1 pce )

where Q (mg/g) is the adsorption quantity of quercetin on the AC
materials at equilibrium, C (mg/L) the equilibrium concentration of
the solute in the liquid phase, a the maximum adsorption capacity,
b the apparent dissociation constant, which represents the affinity
between the solute and adsorbent, and c a parameter. The linear
equation is an algebraic equation in which each term is a single,
constant variable. The Langmuir equation quantitatively describes
the buildup of a layer of molecules on an adsorbent surface as a
function of the concentration of the adsorbed material in the liquid
in whichitis in contact. The shape of this isotherm is a gradual posi-
tive curve that flattens to a constant value. The Freundlich equation
is a curve relating the concentration of a solute on the surface of
an adsorbent to the concentration of the solute in the liquid with
whichitis in contact. The Langmuir-Freundlich equation combines
the Langmuir and Freundlich equations.

The fitting results, i.e., isotherm parameters and the coef-
ficient of determination, rZ, are shown in Table 2. Fig. 4
shows the experimental points of the quercetin adsorption
equilibrium isotherm curves on the blank AC (Fig. 4a), PEI-
modified AC (Fig. 4b) and EDA-modified AC (Fig. 4c) at 25°C.
Table 2 shows that the Langmuir-Freundlich Equation (5) gave
better correlation results than the other three isotherm equa-
tions, and it was therefore considered the most suitable for
the adsorption of quercetin on the three AC materials. The

r2 values of the Langmuir-Freundlich equation are 0.9956,
0.9889 and 0.9962 for the three AC materials, respectively.
The results showed that the equilibrium data were better fit-
ted by the three-parameter models than by the two-parameter
models.

3.3. Binding properties of the modified AC [28,29]

The binding properties of the AC materials were analyzed by
finding their maximum binding capacities and dissociation con-
stants. The data of static adsorption experiments were further
processed with the Scatchard equation:

Q _Qmax—Q
Cfree B Kp

where Q (mg/g) is the adsorption quantity of quercetin on the mod-
ified AC at equilibrium, Qmax the maximum binding capacity, Cyee
the free analyte concentration at equilibrium and Kp the dissocia-
tion constant.

As shown in Fig. 5, the Scatchard plots of quercetin on the blank
(Fig. 5a), PEI-modified (Fig. 5b) and EDA-modified AC (Fig. 5¢) were
not linear, suggesting that the binding sites in these AC materials
were heterogeneous with respect to the affinity for quercetin. The
two distinct sections within the plot that can be regarded as linear
support the reasonable assumption that the binding sites can be
classified into two distinct groups with specific binding properties.
The values of Kp and Qmax are shown in Table 3.

(6)

3.4. Optimization of extraction variables

3.4.1. Effect of extraction solvent

The tested extraction solvents were chloroform, ethanol,
methanol and water. Two grams O. diffusa powder was dissolved in
0.03 L of each solvent for 60 min at 25 °C with an ultrasonic power
of 80 W. The results are shown in Fig. 6a. Methanol was the best
solvent for extracting quercetin from O. diffusa.

3.4.2. Effect of extraction time and ultrasonic power

For further optimization of quercetin extraction, different
extraction times (20, 40, 60, 80 and 100 min) and ultrasonic powers
(20, 40, 60, 80 and 100 W) of UAE were tested using methanol as
the extraction solvent. The extraction times were tested with 80 W
ultrasonic power and ultrasonic powers were tested for 60 min
each. In Fig. 6b and c, the extracted amounts of quercetin increased
as the extraction time was increased from 20 to 60 min and as
the ultrasonic power was increased from 20 to 80 W. As no obvi-
ous increase of quercetin extraction yield was observed beyond
60 min and 80 W, extraction with methanol under these conditions
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Table 3
The results of Scatchard analysis.
Material Binding site Linearity Kp Qmax
Blank AC 1 Q/Cfree =0.1028 +0.2588Q —3.8640 —-0.3973
an 2 Q/Cree =0.0708 — 0.0461Q 21.6826 1.5343
) 1 Q/Cree = 0.0607 +0.6400Q ~1.5625 -0.0948
PEI modified AC 2 Q/Ciree = 0.0518 — 0.0239Q 41.806 2.164
. . 1 Q/Cree =0.1218 +0.5924Q ~1.6880 ~0.2056
Ethylenediamine modified AC 2 Q/Ciree =0.0715 — 0.0287Q 34.904 24939
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Fig. 5. Scatchard analysis plots of quercetin on three AC materials (a, blank AC; b,

Fig. 4. Comparison of different isotherm models for quercetin adsorption on three
PEI-modified AC; ¢, EDA-modified AC).

AC materials (a, blank AC; b, PEI-modified AC; ¢, EDA-modified AC).
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(c) on the extracted amounts of quercetin.

was considered the most efficient considering the time and energy
costs.

3.5. Separation of quercetin on HPLC

Separation was achieved on a Cqg column (5(m, 150 x 4.6 mm,
i.d.) and the effects of different mobile phase composition and pH
were investigated. First, the proportion of ACN (75, 50, 25 and 10%)

120

100 4 .‘: —— Blank AC
; - PEl-madified AC

EDA-modified AC

80 ; b
< | : :/
£
> 60
®
[ =
L
E 404

20 4 "I‘ que.z‘rcetin

f S~
0. ] e TP S s -
T T T T T
0 2 4 6 8 10 12
Time (min)

Fig. 7. Chromatogram of methanol microwave-extract from O. diffusa
(a, blank AC; b, PEIl-modified AC; ¢, EDA-modified AC) (Mobile phase:
ACN-H,0-H3P04=25:75:0.05 (pH=5.5, v/v/v), flow rate: 0.7 mL/min, column: C;g
column (150 x 4.6 mm, i.d.), UV: 360 nm.)

in the mobile phase was tested at the flow rate of 0.7 mL/min. To
improve peak shape and separation efficiency further, the pH of the
mobile phase (6.5, 6.0, 5.5, 5.0, 4.5, 4.0 and 3.5) was investigated
and controlled by adding H3POy4. The separation efficiency and res-
olution results revealed an optimum mobile phase composition of
ACN-H,0-H3P0,4=25:75:0.05 (pH=5.5, v/v/v) with UV detection
at 360 nm. The effect of mobile phase flow rate on the HPLC sys-
tem was also tested at flow rates ranging from 0.4 to 2.0 mL/min.
The relationship between flow rate and column backpressure was
investigated with the optimum mobile phase. The tradeoff between
time and efficiency was considered optimized at the elution flow
rate of 0.7 mL/min~!.

3.6. Optimization of SPE conditions

The extract solutions (0.5 mL) were loaded into SPE cartridges
packed with 0.2 g of each of the AC materials (Fig. 7a—c). Different
solvents (water, ethanol, methanol, ACN, and acetone) were used
to wash the loaded SPE cartridges in order to remove interfering
substances from the solvent extracts. Water removed the interfer-
ing substances efficiently without washing quercetin out of the SPE
cartridge. Therefore, water was used as the washing solvent, and
different volumes of water (from 1.0 to 8.0 mL) were tested to find
the optimum volume. The removal of interfering substances was
not improved at volumes of water greater than 5.0 mL. Because
ACN has a strong eluting capacity for quercetin, 2.0 mL ACN was
used for elution.

As shown in Fig. 7, the blank AC did not have specific selec-
tivity of quercetin, and had a lower recovery rate of quercetin
than the PEI- and EDA-modified AC. The chromatographic peaks of
quercetin were similar in Fig. 7b and ¢, indicating that the PEI- and
EDA-modified AC were interacting with quercetin. Moreover, the
EDA-modified AC removed the interfering substances from extract
samples more efficiently than the PEI-modified AC did. There-
fore, the EDA-modified AC was considered the more suitable SPE
material for the purification of quercetin from O. diffusa, with an
extraction yield of 0.198 mg/g.

3.7. Validation of the proposed analytical method

Calibration curves were constructed from chromatographic
peak areas measured three times at nine concentrations
ranging from 0.50 to 100.0mg/L. A good linear correlation
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Table 4
Intra-day and inter-day precisions, accuracies and recoveries of quercetin with three different concentrations.
C (mg/L) Intra-day RSD (%) Inter-day RSD (%) SPE recovery (%) Method recovery (%)
5.00 5.51 5.78 76.54 100.36
Quercetin 30.00 4.98 497 81.33 98.75
80.00 3.88 4.17 86.18 104.69

equation for quercetin was obtained: Y=44.42X+5.61 (n=9,
12 =0.9996).

Repeatability assays were calculated as relative standard devi-
ations (RSDs) and were carried out by injecting standard solutions
of quercetin five times on the same day and over five consecu-
tive days. The intra- and inter-day RSDs of the proposed method
were less than 5.51 and 5.78%, respectively. The sensitivity of a
method is expressed by its limits of detection (LOD) and of quan-
tification (LOQ). The standard solutions of quercetin were diluted
and injected until the LOD (0.15 mg/L) and the LOQ (0.45 mg/L) were
obtained at signal/noise ratios of 3 and 10, respectively. SPE recov-
eries were calculated by adding three concentrations of quercetin
standard solutions to the extracts and comparing the extraction
yields before and after SPE, with obtained SPE recoveries ranging
from 76.54 to 86.18%. The method’s recoveries (98.75-104.69%)
were tested to investigate the reliability of the developed method
(Table 4).

4. Conclusions

In this study, PEI- and EDA-modified AC cartridges were syn-
thesized for the SPE of quercetin from O. diffusa. The highlight
of this paper is to improve the selectivity of this cheap porous
AC material. FE-SEM and FT-IR revealed that amino modifiers
were bonded on the AC surface with an irreversibly bound
amino group. The Langmuir-Freundlich adsorption isotherm
was shown to be the best model for investigating the inter-
actions between quercetin and the AC materials. Scatchard
analysis of binding capacities and dissociation constants was
used to evaluate the binding properties of the AC materials.
The results showed that the EDA-modified AC was the most
suitable SPE cartridge for the purification of quercetin from O.
diffusa. At the optimum HPLC and SPE conditions, the extrac-
tion yield was maximized at 0.198 mg/g. These results support
the potential of this type of anion-modified AC sorbent for the
separation and purification of bioactive compounds from plant
extracts.

In our previous work [30], a SPE method was developed for the
extraction and determination of quercetin and myricetin from C.
obtusa using an ionic liquids-based monolithic cartridge. Compar-
ing with the proposed study, the purposes of these two studies are
similar, but the types and structures of SPE materials are different.
The amino-modified active carbon materials have the advantages
of low cost, easy preparation, high surface areas and high spe-
cific selectivity. Ionic liquids-based monolithic cartridge also has
many advantages, such as rapid, low pressure and large volume
processing. In conclusion, they are both potential selective station-
ary phase materials, and these two SPE methods were successfully
developed for purification of bio-active compounds from natural
plants.

Acknowledgment

This research was supported by the Basic Science Research Pro-
gram through the National Research Foundation (NRF) of Korea
funded by the Ministry of Education, Science and Technology
(2011-0010673).

References

[1] P.K. Wu, W.CS. Tai, Z.T. Liang, Z.Z. Zhao, W.LW. Hsiao, Oleanolic acid isolated
from Oldenlandia diffusa exhibits a unique growth inhibitory effect against ras-
transformed fibroblasts, Life Sci. 85 (2009) 113-121.

[2] M. Ganbold, ]. Barker, R. Ma, L. Jones, M. Carew, Cytotoxicity and bioavailability
studies on a decoction of Oldenlandia diffusa and its fractions separated by HPLC,
J. Ethnopharmacol. 131 (2010) 396-403.

[3] Y.Zhang, Y. Chen, C. Fan, W.Ye, ]. Luo, Two new iridoid glucosides from Hedyotis
diffusa, Fitoterapia 81 (2010) 515-517.

[4] C. Li, X. Xue, D. Zhou, F. Zhang, Q. Xu, L. Ren, X. Liang, Analysis of iridoid
glucosides in Hedyotis diffusa by high-performance liquid chromatogra-
phy/electrospray ionization tandem mass spectrometry, J. Pharm. Biomed.
Anal. 48 (2008) 205-211.

[5] S.H. Kim, B.Z. Ahn, S.Y. Ryu, Antitum or effects of ursolic acid isolated from
Oldenlandia diffusa, Phytother. Res. 12 (1998) 553-556.

[6] W.B. Mors, M.C. Nascimento, B.M. Ruppelt Pereira, N.A. Pereira, Plant natural
products active against snake bite - the molecular approach, Phytochemistry
55 (2000) 627-642.

[7] S. Gupta, D. Zhang, ]. Yi, J. Shao, Anticancer activities of Oldenlandia diffusa, J.
Herb. Pharmacother. 4 (2004) 21-33.

[8] S. Willimott, J. Barker, L.A. Jones, E.I. Opara, Apoptotic effect of Oldenlandia
diffusa on the leukaemic cell line HL60 and human lymphocytes, J. Ethnophar-
macol. 114 (2007) 290-299.

[9] P. Bhutada, Y. Mundhada, K. Bansod, C. Bhutada, S. Tawari, P. Dixit, D.
Mundhada, Ameliorative effect of quercetin on memory dysfunction in
streptozotocin-induced diabetic rats, Neurobiol. Learn. Mem. 94 (2010)
293-302.

[10] M]J. Ko, CI Cheigh, SW. Cho, M.S. Chung, Subcritical water extrac-
tion of flavonol quercetin from onion skin, J. Food Eng. 102 (2011)
327-333.

[11] D.P. Makris, J.T. Rossiter, Domestic processing of onion bulbs (Allium cepa) and
asparagus spears (Asparagus officinalis): effect on flavonol content and antiox-
idant status, J. Agric. Food Chem. 49 (2001) 3216-3222.

[12] R. Vidya Priyadarsini, R. Senthil Murugan, S. Maitreyi, K. Ramalingam, D.
Karunagaran, S. Nagini, The flavonoid quercetin induces cell cycle arrest
and mitochondria-mediated apoptosis in human cervical cancer (HeLa) cells
through p53 induction and NF-kB inhibition, Eur. ]. Pharmacol. 649 (2010)
84-91.

[13] E.T. Arung, S. Furuta, H. Ishikawa, LW. Kusuma, K. Shimizu, R. Kondo, Anti-
melanogenesis properties of quercetin- and its derivative-rich extract from
Allium cepa, Food Chem. 124 (2011) 1024-1028.

[14] SJ. Oh, O. Kim, ].S. Lee, J.A. Kim, M.R. Kim, H.S. Choi, J.H. Shim, KW. Kang,
Y.C. Kim, Inhibition of angiogenesis by quercetin in tamoxifen-resistant breast
cancer cells, Food Chem. Toxicol. 48 (2010) 3227-3234.

[15] X.Pan,G. Niu, H. Liu, Microwave-assisted extraction of tanshinones from Salvia
miltiorrhiza bunge with analysis by high-performance liquid chromatography,
J. Chromatogr. A 922 (2001) 371-375.

[16] Y. Peng, Y. Xie, ]. Luo, L. Nie, Y. Chen, L. Chen, S. Du, Z. Zhang, Molecularly
imprinted polymer layer-coated silica nanoparticles toward dispersive solid-
phase extraction of trace sulfonylurea herbicides from soil and crop samples,
Anal. Chim. Acta 674 (2010) 190-200.

[17] J. Yang, K. Qiu, Preparation of activated carbons from walnut shells via vacuum
chemical activation and their application for methylene blue removal, Chem.
Eng.]. 165 (2010) 209-217.

[18] D. Huang, Y. Miyamoto, ]. Ding, J. Gu, S. Zhu, Q. Liu, T. Fan, Q. Guo, D. Zhang,
A new method to prepare high-surface-area N-TiO;/activated carbon, Mater.
Lett. 65 (2011) 326-328.

[19] L. Pereira, R. Pereira, M.F.R. Pereira, F.P. van der Zee, F.J. Cervantes, M.M. Alves,
Thermal modification of activated carbon surface chemistry improves its capac-
ity as redox mediator for azo dye reduction, J. Hazard. Mater. 183 (2010)
931-939.

[20] X. Gao, S. Liu, Y. Zhang, Z. Luo, M. Ni, K. Cen, Adsorption and reduction of NO2
over activated carbon at low temperature, Fuel Process. Technol. 92 (2011)
139-146.

[21] N. Zhu, X. Chen, T. Zhang, P. Wu, P. Li, ]. Wu, Improved performance of mem-
brane free single-chamber air-cathode microbial fuel cells with nitric acid and
ethylenediamine surface modified activated carbon fiber felt anodes, Bioresour.
Technol. 102 (2011) 422-426.

[22] T.Zhu, W. Bi, K.H. Row, Adsorption of carbon dioxide on ionic liquids-modified
active carbons and amino-modified polymer, Korean J. Chem. Eng. 28 (2010)
914-916.

[23] W. Tomaszewski, V.M. Gun’ko, J. Skubiszewska-Zieba, R. Leboda, Structural
characteristics of modified activated carbons and adsorption of explosives, J.
Colloid Interface Sci. 266 (2003) 388-402.



720 T. Zhu, K.H. Row / Journal of Pharmaceutical and Biomedical Analysis 56 (2011) 713-720

[24] L. Zhou, ]. Xu, X. Liang, Z. Liu, Adsorption of platinum(IV) and pal-
ladium(Il) from aqueous solution by magnetic cross-linking chitosan
nanoparticles modified with ethylenediamine, ]. Hazard. Mater. 182 (2010)
518-524.

[25] K.Q. Li, Z. Zheng, X.F. Huang, G.H. Zhao, ].W. Feng, ]J.B. Zhang, Equilibrium,
kinetic and thermodynamic studies on the adsorption of 2-nitroaniline onto
activated carbon prepared from cotton stalk fibre, ]. Hazard. Mater. 166 (2009)
213-220.

[26] W.Bi,J.Zhou, K.H. Row, Solid phase extraction of lactic acid from fermentation
broth by anion-exchangeable silica confined ionic liquids, Talanta 83 (2011)
974-979.

[27] T.Zhu, M. Tian, K.H. Row, Comparison of adsorption equilibrium of glycyrrhizic
acid and liquiritin on Cyg column, J. Ind. Eng. Chem. 16 (2010) 929-934.

[28] H.Yan, K.H. Row, G. Yang, Water-compatible molecularly imprinted polymers
for selective extraction of ciprofloxacin from human urine, Talanta 75 (2008)
227-232.

[29] T. Zhu, K.H. Row, Simultaneous determination of caffeine and theophylline in
human plasma with a weak cation monolithic SPE-column, Chin. J. Chem. 28
(2010) 1463-1468.

[30] T. Zhu, W. Bi, K.H. Row, Extraction and determination of quercetin and
myricetin from Chamaecyparis obtusa using ionic liquids-based monolithic
cartridge, Chin. J. Chem. 29 (2011).



	Preparation of amino-modified active carbon cartridges and their use in the extraction of quercetin from Oldenlandia diffusa
	1 Introduction
	2 Experimental
	2.1 Reagents and materials
	2.2 Apparatus
	2.3 Preparation of the modified AC
	2.4 Characteristics of the modified AC
	2.5 Sample preparation and chromatography
	2.6 Adsorption of quercetin on the modified AC
	2.7 Extraction of quercetin

	3 Results and discussion
	3.1 Characteristics of the modified AC
	3.2 Adsorption isotherm models
	3.3 Binding properties of the modified AC [28,29]
	3.4 Optimization of extraction variables
	3.4.1 Effect of extraction solvent
	3.4.2 Effect of extraction time and ultrasonic power

	3.5 Separation of quercetin on HPLC
	3.6 Optimization of SPE conditions
	3.7 Validation of the proposed analytical method

	4 Conclusions
	Acknowledgment
	References


