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Abstract Molecularly imprinted microspheres (MIMs)
were synthesized by micro-suspension polymerization us-
ing matrine (MT) as template. The MIMs were employed
for solid-phase extraction (SPE) and as chromatographic
stationary phase for the determination of MT from the
Chinese medicinal plant Sophora flavescens. The effects
of the various eluents, their concentrations and volumes
on the retention behavior were investigated. The selectiv-
ity and capacity of the imprinted microspheres against
MT was also discussed. The results showed that the
MIMs exhibited stronger specific affinity to MT than to
oxymatrine (OMT). Methanol-water (3:7, v/v) was used
for washing impurities from the MIMs-SPE cartridge loaded
with the herb extracts, while methanol—glacial acetic acid
(9:1, v/v) was used for eluting MT. The maximum load of
MT and the recovery of MIMs cartridge towards MT were
38.7ugg™! and 71.4%, respectively. The method devel-
oped might be used to separate and extract effective con-
stituents from Chinese medicinal plants on a large scale.

Keywords Molecularly imprinted microspheres -
Solid-phase extraction - Matrine - Sophora flavescens

Introduction

The root of Sophora flavescens is a widely used tradi-
tional Chinese herbal drug. The primary components of
S. flavescens are matrine (MT) and oxymatrine (OMT),
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which possess strong biological activities. MT plays an
important role in the treatment of antifebrile, ache, diuretic,
tussis, antidote, tumor and arrhythmia [1, 2]. MT and OMT
also act as abirritatives, increasing leucocyte and protect-
ing liver function [3, 4]. Therefore it is of importance to
develop efficient methods for the separation and determi-
nation of MT and OMT from Chinese herbs. There have
been a few reports on the separation of these two com-
pounds including pH-zone-refining counter-current chro-
matography (CCC) [5], high-performance liquid chro-
matography (HPLC) [6], and thin-layer chromatography
(TLC) [7]. The separation capacity of classical HPLC is
lower, limited by the column capacity and the stationary
phase may be affected by losses. Although CCC has been
used to separate and purify a large amount of active com-
ponents from traditional Chinese medicinal herbs and
other natural products[5, 8], too much harmful solvent
has to be used with the method. TLC is an inexpensive
method, but the operational processes are fussy and te-
dious. The methods for the determination of MT and OMT
mainly include HPLC and capillary zone electrophoresis
(CZE) [9, 10].

Molecularly imprinted polymers (MIPs) are crosslinked
polymers with specific binding sites, which are tailor-
made in situ by the copolymerization of the crosslinker
and functional monomer in the presence of the template
molecule [11, 12, 13]. After removal of the template from
the polymers, the recognition sites, in terms of size, shape
and functionality, are complementary to the template mol-
ecule [14, 15, 16]. MIPs possess several advantages in-
cluding physical robustness, high strength, resistance to
elevated temperature and pressure, and resistance to ero-
sion by acids, bases, metal ions and organic solvents com-
pared to enzymes [17, 18, 19]. MIPs have been used in
biosensors [20, 21, 22], to mimic enzyme catalysis [23,
24], and as HPLC stationary phases [25, 26, 27, 28, 29,
30] and materials for solid-phase extraction (SPE) [31, 32,
33, 34, 35, 36]. In recent years, molecularly imprinted
solid-phase extraction (MISPE) sorbents were extensively
used to clean up the impurities in environmental and bio-
logical samples [34, 35] and for the enrichment of effec-
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tive components from complicated media [36]. In the pre-
sent study, the molecularly imprinted microspheres (MIMs)
using MT as template molecule were synthesized by aque-
ous micro-suspension polymerization. The MIMs obtained
were employed as SPE sorbent to separate MT from
S. flavescens and were packed into a stainless steel col-
umn as chromatographic stationary phase to determine
MT. The method developed may be used to separate and
enrich other trace constituents from complicated media on
a large scale.

Experimental

Chemicals and materials

MT and OMT were purchased from the National Institute for the
Control of Pharmaceutical and Biological Products (Beijing,
China). The chemical structures are shown in Fig. 1. The Chinese
herb, S. flavescens (Kushen), was purchased from a Chinese herbal
drug store in Guangxi province, China. Poly(vinyl alcohol) 500
(d.p. 400-600, saponification degree 96.0 mol%) was purchased
from Wako Pure Chemical Industries (Osaka, Japan). Methacrylic
acid (MAA) and ethylene glycol dimethacrylate (EGDMA) were
purchased from Aldrich Chemical (Milwaukee WI, USA). 2,2’-
Azobis(2-isobutyronitrile) (AIBN) was supplied by Special Chem-
ical Reagent Factory of Nankai University (Tianjin, China). Meth-
anol, dichloromethane, chloroform and acetonitrile were purchased
from BDH Laboratory Supplies (Poole, UK). All solutions were
prepared using high-purity water that had been purified by a Milli-Q
plus system (Millipore, Molsheim, France).

Preparation of MIMs

Poly(vinyl alcohol) 500 (3.4 g) was dissolved in 120 mL of high-
purity water while stirring at 90-95 °C and cooled to room tem-
perature. Then the aqueous solution was transferred into a 250-mL
three-neck flask. MT as template molecule (1 mmol) and MAA as
functional monomer (6 mmol) were mixed in a glass flask. Chloro-
form (8 mL) was added as progen. The organic mixture was placed
in a freezer and maintained at 0°C for 30 min. Then 50 mmol
EGDMA (cross-linker) and 150 mg AIBN (initiator) were added to
this mixture and sonicated to dissolve. The total mixture was added
to the water phase in the three-neck flask while stirring at 410 rpm
under a gentle stream (at 0.8 L min'!) of nitrogen (99.99%). The
temperature was then elevated to 60 °C for polymerization. The
polymerization process was maintained for 24 h. The microspheres
were washed with high-purity water, methanol and the mixture of

matrine (MT)

oxymatrine (OMT)

Fig.1 The chemical structures of matrine and oxymatrine
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methanol—glacial acetic acid (9:1, v/v), successively. Non-im-
printed microspheres were prepared in the same way without the
addition of the template molecule.

Extraction of crude matrine from S. flavescens Ait

Raw roots of S. flavescens Ait (5.0 g) were wetted with 10.0mL of
2.0% ammonium hydroxide for 4 h [6]. Then the wetted roots were
crushed by a high-speed disintegrator (Braun, Mexico). The
crushed S. flavescens Ait was extracted three times with 10.0 mL
of the mixture of chloroform and methanol (5:5, v/v), successively.
The combined extracts were evaporated to dryness under reduced
pressure with a Rotavapor R-114 (Buchi, Switzerland). The residue
obtained was dissolved in 10.0 mL methanol. The solution was fil-
tered by PTF membrane (0.45 um; Millipore, Bedford, MA, USA).
The filtrate obtained was directly used for SPE or analyzed with
molecularly imprinted microspheres-high performance liquid
chromatography (MIMs-HPLC).

Solid-phase extraction

An appropriate amount of dry MIMs (i.d. 2040 um, 1.0 g) was
suspended in the mixture of methanol and 2-propanol (5:5, v/v),
sonicated in a water-bath for 10min and packed into a 10-mL
empty polypropylene SPE cartridge with a porous flat frit at the
bottom to support the MIMs, and an outlet stopcock. The top of the
cartridge was plugged with glass wool. The SPE cartridge was
connected to a vacuum manifold. The loaded SPE cartridge was
washed with 30 mL of methanol—glacial acetic acid (9:1, v/v) and
equilibrated with 20 mL of methanol, successively. The flow-rate
was controlled at 0.2 mL min~!. The cartridge was dried under vac-
uum after each wash. A blank cartridge was subjected to the same
procedure.

In the following experiments, 5.0 mL standard solution or the
above extracts were passed through the cartridges (MIMs and
blank polymers) at a flow rate of 0.2 mL min~!. To evaluate the ef-
fect of different eluents on the elution, the loaded cartridge was
washed with 5.0 mL of methanol-water (3:7, v/v), methanol-water
(5:5, v/v), methanol, methanol-dichloromethane (8:2, v/v) and
methanol—glacial acetic acid (9:1, v/v), successively. The effluent
from each elution was collected and directly analyzed with MIMs-
HPLC.

MIMs-HPLC method

The microspheres (8—20 wm) obtained by means of a gravitational
settling sieve were packed into a stainless steel column (250x
4.6 mm i.d.) by the slurry method using a mixture of methanol and
2-propanol (5:5, v/v) as slurry medium. The HPLC system con-
sisted of two Waters 510 pumps, a Waters temperature-control
module and a Waters 996 photodiode array detector. Column oven
temperature was controlled at 50 °C. Detection wavelength was
215 nm. The column was rinsed on-line with a mixture of meth-
anol and glacial acetic acid (9:1, v/v) until a stable baseline was
obtained. The flow-rate was maintained at 1.0 mL min~!. The vol-
ume of injection was 20 uL. The capacity factor (k") was calcu-
lated according to the standard chromatographic procedure as
k’=(t-ty)/ty, where t and t, were retention time and void time, re-
spectively. The void time (t;) was determined by the elution time
of a solvent peak observed. The imprinting factor (o) was calcu-
lated as 0=k’ i, /K onimp> Where kK0 and K o, im, Were the ca-
pacity factors of template molecules on the imprinted column and
non-imprinted column, respectively. To serve as a control an addi-
tional column was packed with non-imprinted microspheres and
conditioned using an identical procedure.
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Results and discussion

Selection of washing solvents and eluents for MISPE

First of all, the terms “washing solvent” and “eluent” in
MISPE must be differentiated and defined. The term
“washing solvent” refers to a solvent to wash the impuri-
ties, but not the target substrates, from the MISPE car-
tridge. In contrast, “eluent” means a solvent specially used
to elute the target substrates. According to the previous
study the selection of an appropriate eluent was critical
for the retention behavior of the MIMs column in a chro-
matographic model [29]. It is also very important to select
an appropriate washing solvent and eluent in the MISPE
process. To select an appropriate washing solvent for the
MISPE process, several washing solvents, including meth-
anol-water (3:7, v/v, MW37), methanol-water (5:5, v/v,

MWS55), methanol (M), methanol-dichloromethane (8:2,
v/v, MDCM), dichloromethane (DCM) and methanol—
glacial acetic acid (9:1, v/v, MGAA), were employed to
wash the MISPE cartridge successively. The washing-out
solutions were directly separated by MIPs-HPLC. As can
be seen from Fig. 2, there were no chromatographic peaks
of MT and OMT in the washing-out solution when MW37
was used as washing solvent in the first step (Fig.2c).
A very small amount of MT and OMT was present in the
washing-out solution when MW55 was used as washing
solvent in the second step (Fig. 2d). In the third step, MT
and OMT in the cartridge could be washed out when M or
MDCM was employed as washing solvent (Figs.2e and
2f). In the fourth step, the washed cartridge (as mentioned
above) was washed successively with DCM and MGAA.
Fig. 2g shows that there was no corresponding signal for
MT and OMT in the washing-out solution washed with
DCM while Fig.2h shows a very small amount of MT
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was present in the washing-out solution washed with
MGAA. The results indicated that a small amount of
residual MT was retained on the cartridge. Therefore, in
the present study, MW37 was used as the washing solvent
while methanol—glacial acetic acid (9:1, v/v) was em-
ployed as the eluent in order to elute MT completely.

Influence of methanol concentration
and volume on MISPE

According to the previous report, there were about 10 al-
kaloids in S. flavescens Ait[8]. Among them, the most
important and active components were MT and OMT. The
results showed that the proportions of impurities were
very large in the chloroform extracts from S. flavescens
Ait. As discussed above, MW37 was employed as wash-
ing solvent in the present study because a high concentra-
tion of methanol in the washing solvent might lead to the
wash-out of MT and OMT. On the contrary, a low con-
centration of methanol was unable to clean up the impuri-
ties. To determine an optimal methanol concentration,
methanol solutions of various concentrations were inves-
tigated. As can be seen from Fig.3, at a low methanol
concentration (<30%), no leakage of MT was observed by
chromatographic analysis while the leakage increased at
higher methanol concentrations (>30%). In addition, the
amount of eluent was investigated. The impurities could
not be cleaned up completely if the amount of eluent was
too little. On the contrary, MT leakage was observed if a
large amount of eluent was employed. Fig. 4 (open circle)
showed that leakage from imprinted cartridge appeared
when the volume of eluent was greater than 25mL.
Therefore, 25 mL of 30% methanol solution was used to
wash the impurities in the cartridge packed with 1.0 g dry
MIMs.

100

80

60 °

S
S
Q 40+ 4
X
© ]
3 /
20 /o
o/.
0 —o—0o—°
T T T T T
0 20 40 60 80 100

Conc. of methanol (%)

Fig.3 Effect of methanol concentration used in washing on the
leakage for MIMs cartridge (cartridge condition: packed weight,
1.0g dry MIMs; loaded volume, 5.0mL; loaded concentration,
1.0 ug mL-! MT; flow-rate 0.2 mL min~')
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804 | —v— Non-Imp. Cartridge v
—O— Imp. Cartridge /
v
60 /
L v
o 404 /
2 v
X
: 4
3 204 / /
N
o
01 o—o—o=8—0—0—"°
T T T T T

Volume of eluant (ml)

Fig.4 Effect of the washing volume on the imprinted and blank
leakage (packed weight, 1.0 g dry MIMs; loaded volume, 5.0 mL;
loaded concentration, 1.0pugmL~! MT; flow-rate 0.2 mL min';
washing, methanol-water (3:7, v/v))

Selectivity of MIMs cartridge and column

To evaluate the effect of molecular imprinting, both im-
printed cartridge (IC) and non-imprinted cartridge (NIC)
were investigated in the washing process. Fig.4 shows
that no visible difference was observed between the elu-
ates from the IC and from the NIC by chromatographic
analysis at the beginning of washing. This indicated both
IC and NIC possessed nonspecific binding. As washing
progressed, the differences between IC and NIC became
evident. As shown in Fig. 4, the leakage of NIC was ob-
served when the volume of eluent was larger than 10 mL
(open triangle) whereas the leakage of IC was found only
when the volume of eluent was larger than 25 mL (open
circle). This indicated that the capability of IC binding
MT was stronger than that of NIC. To evaluate the im-
printing effect further OMT was also investigated. Fig.5

124 | o omT

[z MT

Capacity factor (k')
[s2]

Blank column

Imprinted column

Fig.5 Comparison of the capacity factors of MT and OMT on the
blank and imprinted columns (chromatographic conditions: col-
umn 150x4.6 mm i.d.; mobile phase methanol-water 5:5 (v/v);
flow-rate 1.0 mL min~!; injection volume 20 uL; load, 5.0 ug)
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Table1 The recoveries of MT and OMT on the cartridge from ac-
tual samples

Non-imprinted cartridge
Recovery (n=3)

Imprinted cartridge
Recovery (n=3)

ug W% ug W%
MT 2.3240.16 46.4 3.57+0.25 71.4
OMT 2.2540.11 45.0 2.86+0.20 57.3

shows that the capacity factor of OMT on the imprinted
column (6.18) was close to that on the blank column
(4.66) at an o value of 1.33. In contrast, the capacity fac-
tors of the template MT on imprinted column and blank
column were apparently different. The k’ values were
12.15 and 7.04, respectively, and the o value was 1.73.
This indicated the specific affinity of the imprinted col-
umn for MT.

Leakage load, maximum load and recovery
of the cartridges

The leakage load is the load (weight) of the target mole-
cule on the cartridge when leakage is observed. It is cal-
culated from the L;=c; V| /Wy;p, where L, is the leakage
load (ug g1, ¢, is the concentration of the tested substrate
(ugmL-), V is the leakage volume (mL) of the tested
substrate, and Wyp (g) is the weight of dry MIPs packed
in the cartridge. According to this formula, the L; values
of MT on the NIC and IC were 15.0 ug g~! and 30.0 ug g,
respectively. The maximum load (L,,,) was calculated
from L, ,,=c,Vs/Wyp, Where c, is the concentration of the
tested substrate in the elution solution, V is the volume of
the eluent when saturation adsorption on the cartridge is
achieved. According to this definition, the maximum
loads (L,,,;) of MT on the NIC and IC were 22.4 ug g™!
and 38.7ugg!, respectively. It indicated that the L,
value was always larger than the corresponding L; value.
In another word, leakage always occurred before satura-
tion adsorption was achieved.

In addition, the recoveries of MT and OMT on IC and
NIC were investigated. MT and OMT methanol solution
(1.0ugmL-!, 5mL) was added to the extraction sample
(5 mL) from S. flavescens. The mixture was passed through
the cartridge at a flow rate of 0.2mL min~!. The loaded
MT and OMT on the cartridge were eluted with 5.0 mL of
a mixture of methanol-glacial acetic acid (9:1, v/v) and
directly analyzed by MIMs-HPLC. The results are shown
in Table 1. The recovery of MT on the imprinted cartridge
was 71.4% while the recovery of OMT was 57.3%.

The actual sample test

S. flavescens extract (5 mL) was loaded onto the imprinted
cartridge at a flow rate of 0.2 mL min~!. The loaded car-
tridge was then washed and eluted with methanol-water
(3:7, v/v) and methanol—-glacial acetic acid (9:1, v/v), re-

1.00, |
0.801 a
0.60- !

2 1 f\

0404 |V} }i
i ,
0.20- A / |
] i N/
0.004 —
0.00 1000 2000 30,00  40.00
Minutes
0.253
0.20+ / b
0.15 \ f
] |
2 0.0 "\ f/
0.05] | (\\ \ |
AN | \\
0‘00—:/) AN \/
00stAmo
0.00 10.00 2000  30.00  40.00
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Fig.6 Comparison of the chromatograms of crude extract and elu-
ate. (Cartridge condition: packed weight, 1.0 g dry MIMs; loaded
sample volume, 5.0 mL; flow rate, 0.2 mL min~!. (a) crude extract
from Sophora flavescens, (b) eluate on the MIMs cartridge, wash-
ing with methanol-water (3:7, v/v) and eluting with methanol—
glacial acetic acid (9:1, v/v))

spectively. The chromatograms of the extracts and eluate
are shown in Fig.6. As can be seen from Fig. 6a, many
impurities existed in the initial extract of S. flavescens.
However, when the extract was loaded onto the cartridge,
which was washed with 25 mL of methanol-water (3:7,
v/v), an evident difference was observed. Most impurities
were removed from the cartridge and more pure MT and
OMT were obtained (Fig. 6b). Due to great similarity in
chemical structure between MT and OMT (Fig. 1), how-
ever, it was very difficult to further separate MT from
OMT. This part of research is still under way in our labo-
ratory.

Conclusion

In the present study, molecularly imprinted microspheres
were synthesized by micro-suspension polymerization
and simultaneously used for solid-phase extraction (SPE)
and high performance liquid chromatography (HPLC).
Both the MISPE cartridge and the MIMs-HPLC column
exhibited specific affinity to the template molecule ma-
trine (MT). The MISPE approach might be more stable,



repeatable, manageable and anticorrosive than the tradi-
tional C,g reversed-phase column. Furthermore, special
MISPE cartridges/ columns could be tailor-made and syn-
thesized for special application. Although there are nu-
merous constituents present in Chinese medicinal plants,
only a few are proved biologically active. This justifies
the need to employ molecular imprinting technology for
the extraction of these biologically active compounds. Re-
search is continuing in our laboratory to determine spe-
cific affinity of more molecularly imprinted microspheres
to the biologically active compounds in Chinese herbs and
optimize the elution conditions.
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