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INTRODUCTION

Salicornia herbacea L. (S. herbacea) is a salt marsh plant
of Chenopodiaceae and is commonly found in coastal Korea,
China and Japan'. It has been prescribed in traditional medi-
cines for the treatment of intestinal ailments, hepatitis, hyper-
lipidemia and diabetes®. Protocatechuic acid, caffeic acid and
ferulic acid (Fig. 1) are naturally occurring antioxidant organic
compounds in S. herbacea, which have been shown to act as
carcinogenic inhibitors, affecting on cancer cells both in vitro
and in vivo studies™®. At present, organic solvents are mostly
used in the process of extraction of targets from natural plant
and it is necessary to require a solid-phase extraction process
to remove impurities for the organic solvent extracts.

Solid-phase extraction has been developed for the sepa-
ration, purification and solvent exchange of solutes from
solutions™®, It is a viable alternative to conventional sample
preparation methods and has been used to isolate natural plant
extracts’. In our previous study', a monolithic molecular-
imprinting polymer (MIP) material was prepared in situ using
caffeic acid as template and a method was established for the
simultaneous extraction and determination of the above three
organic acids from S. herbacea using such molecular-imprin-
ting polymer monolithic cartridges. In order to expand research
of functional stationary phase materials on extraction materi-
als, ionic liquids (ILs) were used for modify the surface of
materials'"'>.

Tonic liquids has many applications, such as powerful
solvents and electrically conducting fluids. Their ionic bonds
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Fig. 1. Chemical structures of protocatechuic acid (a), caffeic acid (b) and
ferulic acid (c)

are usually stronger than the van der Waals forces between
the molecules of ordinary liquids. Compare with conventional
organic solvents”'*", ionic liquids pollute less and have im-
proved selectivity and extraction yields of bioactive com-
pounds from natural plants. Extraction process of caffeic acid
and ferulic acid were investigated using ionic liquids as ex-
traction solvents by Yu et al."” and high extraction efficiency
and recovery of targets were obtained.
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In this work, an ionic liquids-based cartridge was prepared
and used to establish an off-line solid-phase extraction method
for the simultaneous analysis of protocatechuic acid, caffeic
acid and ferulic acid from S. herbacea.

EXPERIMENTAL

S. herbacea powders were bought from local market
(Incheon, Korea). Protocatechuic acid, ferulic acid, imidazole
(99 %) and 3-bromopropylamine hydrobromide (98 %) were
obtained from Aldrich (Milwaukee, WI, USA). 4-(Chloro-
methyl) styrene (90 %), divinylbenzene (50 %) and poly-
vinylpyrrolidone were purchased from Tokyo Chemical
Industry Co., Ltd. (Tokyo, Japan). Caffeic acid (99 %), meth-
acrylic acid, triethylamine (99.5 %) was bought from Sigma
(St Louis, MO, USA). Ethylene glycol dimethacrylate
(EGDMA) was purchased from Fluka (Buchs, Switzerland).
Dodecanol was purchased from Acros organics (New Jersey,
USA). Cyclohexanol and 2,2'-azobis(isobutyronitrile) (AIBN)
were purchased from Junsei Chemical Co. Ltd. (Japan) and
refined before use. Methanol (MeOH), ethanol and chloro-
form were obtained from Duksan Pure Chemical Co., Ltd.
(Ansan, Korea). All other reagents used in the experiment were
HPLC or analytical grade. Double distilled water was filtered
with a vacuum pump (Division of Millipore, Waters, USA)
and filter (HA-0.45, Division of Millipore, Waters, USA)
before use. All the samples were filtered (MFS-25, 0.2 um TF,
Whatman, USA) before injection into the HPLC system.

The chromatography system comprised a Waters 600s
Multi solvent Delivery System, a Waters 616 liquid chromato-
graphy (Waters Associates, Milford, MA, USA), a Rheodyne
injector (20 uL sample loop) and a variable wavelength 2487
UV dual channel detector. Autochro-2000 software (Younglin
Co. Ltd., Korea) was used for data acquisition. Analyses were
performed on an OptimaPak C;s column (5 mm, 150 mm x
4.6 mm, i.d., RS tech Corporation, Daejeon, Korea) with a
guard column (10 mm x 4.6 mm, i.d.) packed with C,s mate-
rials. All glassware was washed with deionized water and
acetone and dried at room temperature.

Preparation of ionic liquids-based cartridge: Amino-
imidazolium ionic liquids-based cartridge was synthesized as
follows: 0.2 g polyvinylpyrrolidone was dissolved in 55 mL
of ethanol/water (10:1, v/v) in a two-neck flask. A mixture of
4-(chloromethyl)styrene (5.0 g), divinylbenzene (0.5 g) and
2,2’-azobis(isobutyronitrile) (0.15 g) was added under nitrogen
and rapid stirring. The resulting emulsion was heated to 73 °C
for 12 h for polymerization. The obtained dried polymer (PSCI)
was reacted with imidazole using triethylamine as catalyst and
was placed in a reaction flask containing toluene and triethyl-
amine. The suspension was stirred for 0.5 h, with imidazole
then gradually added over 10 min with stirring. After refluxing
for 12 h, the reaction was stopped and washed. The polymer
bonded with imidazole (PSIm) was dried and placed in a flask
with ethanol and 3-bromopropylamine hydrobromide'®. The
suspension was then refluxed with stirring for 24 h. After
washing with ethanol and drying at 70 °C, the amino
imidazolium polymer (PSImN) was obtained'”. This polymer
was ground into powder and was packed tight into a cartridge
(15 mm x 9.0 mm, i.d.).

Sample preparation and chromatography: Stock
standard solutions of organic acids were prepared at 1,000 ug
mL™". To investigate this method, a series of mixed standard
solutions containing three acids were prepared at five different
concentrations from 0.10-100.0 ug mL" using these stock
standard solutions. HPLC separation was performed on a Cis
column at room temperature using an acetonitrile/H,O/acetic
acid (15/85/0.05, v/v/v, pH 5.0) mobile phase at a flow rate of
0.8 mL min" with detection carried out at 270 nm. Distilled
water was filtered with a vacuum pump and filter (HA-0.45
um; Millipore, Waters, USA) before use.

Extraction of S. herbacea: In a typical procedure, 2 g of
S. herbacea powder was dissolved in 40 mL four different
solvents (chloroform, ethanol, methanol and water) and ultra-
sonic-assisted extraction (UAE) of organic acids were carried
out at room temperature for 20, 40, 60, 80 and 100 min, respec-
tively. After stirring, the extracts were sonicated and filtered.
Then, the extracts were concentrated to a volume of 10 mL
using a rotary evaporator. Finally, 0.5 mL of extracts solutions
were loaded into the solid-phase extraction cartridge and
washed with 5 mL acetonitrile/water (10:90, v/v) was used as
eluant to remove the interferents. Finally, the extracts were
eluted with 5 mL of acetonitrile/water (90:10, v/v) and the
filtrates were evaporated to dryness and reconstituted in 0.5 mL
mobile phase for further HPLC analysis. The solid-phase extrac-
tion cartridge was washed again with acetonitrile for the next use.

RESULTS AND DISCUSSION

Optimization of extraction process: In order to get
higher extraction yields of three organic acids, four extraction
solvents (chloroform, ethanol, methanol and water) were
investigated. During this analysis, 40.0 mL of the solvent was
used to extract 2 g S. herbacea powder for 1 h. Ultrasonication
can greatly reduce the required time and the ultrasonic power
was set at 75 W. Comparing the extracted amounts of three
organic acids in the different solvents, methanol was proved
to be the best solvent. Therefore, methanol was selected for
the following experiments (Fig. 2).
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Fig. 2. Effects of different extraction solvents on the extraction yields of
protocatechuic acid, caffeic acid and ferulic acid

Different extraction times (20, 40, 60, 80 and 100 min)
were tested, when ultrasonic power was set at 75 W. In order
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to get a high extraction yield and save the time, 1 h was
selected for the extraction of S. herbacea. Various ultrasonic
powers (15, 45,75 and 105 W) were also investigated and the
results showed ultrasonic power did not obvious affect the
extracted yields of the organic acids. Thus, ultrasonic power
of 75 W was considered for extraction.

Solid-phase extraction was utilized in order to isolate three
organic acids from the S. herbacea extract. Extract sample
was loaded onto amino imidazolium ionic liquids-based
cartridge and then allowed to equilibrate for 6 h. Washing and
eluting steps were subsequently investigated to optimize the
conditions. Initially, washing solvents with different polarities
(water, methanol, acetonitrile, chloroform and n-hexane) were
tested. Water was found to be the most suitable and then the
volumes of washing water were optimized. The interferences
could be eliminated by 3 mL of water with high recoveries of
protocatechuic acid, caffeic acid and ferulic acid, respectively.
And 1 mL of methanol was proved to be the best elution for
three oranic acids from the amino imidazolium ionic liquids-
based cartridge (Fig. 3).
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Fig. 3. Chromatogram of methanol extracts: (a) without SPE, (b) ionic

liquids-based cartridge SPE extracts. (Mobile phase: acetonitrile/
H,Ofacetic acid (15/85/0.05, v/v/v, pH 5.0), flow rate: 0.8 mL min™,
column: Cis (5 mm, 150 mm X 4.6 mm, i.d.), UV: 270 nm, injection
volume: 10 mL)

Validation of the proposed method: Linearity of the
method was tested at organic acid concentrations of 0.10-100
pg mL™" by measuring areas of the chromatographic peaks

calibrated at five points over three repetitions. Three standard
calibration curves were obtained (Y = 27.87X —97.39,Y =
23.42X 2114 andY = 15.40X — 292.4) by plotting the peak
versus concentration and the determination coefficient (1*) were
0.9999 for each equation, respectively. The sensitivity of the
method was established through its limits of detection and
limit of quantification (LOD and LOQ). Based on signal-to-
noise ratios of 3 and 10, the LOD and LOQ were 0.04 and
0.10 ug mL™" for three organic acids, respectively (Table-1).

Using quality control samples at three different concen-
trations (10-100 pg mL™") of organic acid on intra- and inter-
day, the accuracy and precision of the method were determined.
The results showed that the intra-day relative standard deviations
and inter-day relative standard deviations (RSDs) of the proposed
method were less than 1.59 and 2.81 %, respectively. solid-
phase extraction recovery was calculated at the three concen-
tration levels (low, medium and high) presented for assessing
accuracy and precision and it was determined by comparing
the measured concentration with the theoretical concentration.
The recoveries of these three acids ranged from 79.6-85.2 %,
from 77.1-78.3 % and from 76.5-85.5 %, respectively, which
confirms the reliability of this method (Table-1).

Application of optimum condition for S. herbacea
extracts: Three organic acids were extracted from 2 g S. herbacea
powder under the optimum conditions. HPLC chromatograms
of the methanol extracted samples with non-solid-phase
extraction (Fig. 3a) and solid-phase extraction (Fig. 3b) were
obtained. The results showed that the ionic liquid cartridge
was effective for eliminating interfering peaks and this deve-
loped method had a high recovery of the analytes. Using this
established method, the extract yield was 0.70, 0.63 and 0.52
mg g for protocatechuic acid, caffeic acid and ferulic acid,
respectively.

Conclusion

The UAE of protocatechuic acid, caffeic acid and ferulic
acid from S. herbacea was studied at various conditions. An
amino imidazolium ionic liquids-based cartridge was prepared
and developed for the selective extraction material. After
washing with distilled water and eluting with methanol, three
organic acids were successfully purified from the extract
samples. The optimum extraction condition was obtained,
extraction solvent of methanol, extraction time of 1 h and
ultrasonic power of 75 W. The HPLC analysis was operated
with mobile phase of acetonitrile/H,O/CH;COOH (15/85/0.05,

TABLE-1
INTRA-DAY AND INTER-DAY PRECISIONS, ACCURACIES AND RECOVERY OF THREE ORGANIC ACIDS FROM S. herbacea
Conc. Intra-day Inter-day SPE
(ug mL") Measured clonc. Accuracy  Precision Measured conc. Accuracy  Precision  recovery
(ug mL") (%) RSD (%) (ug mL") (%) _RSD(%) (%)
Protocatechuic 10.00 10.04 100.40 0.40 10.19 101.84 1.80 80.2
acid 50.00 49.63 99.27 0.74 49.99 99.98 0.02 79.6
100.00 99.82 99.82 0.18 100.43 100.43 0.43 85.2
10.00 10.16 101.61 1.59 10.29 102.89 2.81 77.1
Caffeic acid 50.00 49.25 98.50 1.52 50.15 100.30 0.30 89.3
100.00 99.19 99.19 0.82 100.72 100.72 0.72 78.3
20.00 20.07 100.35 0.35 19.92 99.60 0.40 80.1
Ferulic acid 50.00 50.01 100.03 0.03 49.04 98.08 1.96 76.5
100.00 100.81 100.81 0.80 97.37 97.37 2.71 85.5
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v/v/v, pH 5.0) and flow rate of 0.8 mL min™, which showed
good linearity for concentrations from 0.10-100.0 ug mL™".
Solid-phase extraction recoveries ranged from 76.5-89.3 with
inter- and intra-day relative standard deviations less than 5 %.
The extracted amounts were 0.70, 0.63 and 0.52 mg g for
protocatechuic acid, caffeic acid and ferulic acid, respectively.

Comparing with our previous work using molecular
imprinted polymer as the extraction sorbent'’, the solid-phase
extraction recoveries and extraction yields of these three
organic acids were increased in this purposed work. The results
showed that the developed method exhibited high specificity
and sensitivity, as well as the required precision, accuracy and
recovery and its acceptability for drugs assay. The solid-phase
extraction cartridge showed high affinity and selectivity to
these organic acids and it was a promising material for sepa-
ration of medicinal products from natural plants.
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